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Figure 1: Lois try-feeding on a stick, credits for Caroline Schuppli (8 June 2016).
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Abstract

Cognition is defined as the ability to learn. Humans show a level of cognition that is significantly higher
than that of any other species. However, growing evidence suggest that general intelligence is not a
uniquely human phenomenon but can be found in a variety of species. Therefore, a certain degree of
evolutionary continuity is expected in the development of cognition. To understand the evolution of
human cognition, cognition of closely related taxa should be investigated. Since Sumatran orangutans
are one of humans’ closest relatives, they are an ideal species to understand the basics of the more
complex cognitive development in humans. For humans, mainly the quality and quantity of social
inputs an individual receives during childhood determines an individual’s later cognitive development.
Therefore, in my thesis, | investigated which factors have an effect on the development of cognition in
infant Sumatran orangutans. Most of the factors can be linked to the number of social inputs an infant
receives. The behavioral observations were performed on a population of wild infant Sumatran
orangutans in Suaq Balimbing, located in Sumatra, Indonesia. Behavioral data of 11 infants, between
and 0.5 of 9 years of age, were collected. The main interest of this study was to determine the cognitive
performance of these infants, which was achieved by measuring the exploratory tendency of the
infants. The factors, which were expected to influence an infant’s exploratory tendency, were divided
into three categories, namely (1) characteristics of an infant’s mother, (2) characteristics of an infant
itself and (3) external factors. When investigating which characteristics of an infant’s mother
influenced an infant’s exploratory tendency, it was found that (1) the more sociable an infant’s mother
was, the higher the exploratory tendency of an infant and (2) the more time a mother spent on feeding,
nesting and exploring, or the less time a mother spent on traveling, the lower the exploratory tendency
of an infant was. No evidence for an effect of an infant’s mother restrictiveness on the exploratory
tendency of an infant was found. When investigating which characteristics of an infant itself influenced
aninfant’s exploratory tendency, it was found that (1) the infant’s exploratory tendencies were highest
between the ages of 2 to 4 years of an infant, and ceased abruptly around the age of 5 years. However,
no evidence for a difference in exploratory tendency between infants of different sexes was found.
Last, the effect of some external factors on an infant’s exploratory tendency was investigated, i.e. food
availability, the presence of an older sibling and the percentage of association partners related with an
infant. Only the presence of an older sibling had a significant positive effect on an infant’s exploratory
tendency. To conclude, | found evidence for effects of the sociability of a mother, the activity of a
mother, the age of an infant and the presence of an older sibling on an infant’s exploratory tendency.
Thus, different factors influence an infant’s exploratory tendency. In a second part of this study, since
this study and previous studies showed a strong effect of the sociability of an infant’s mother on an
infant’s exploratory tendency, factors, which were expected to influence an infant’s mother’s
sociability, were also investigated. The two main findings were that age and sex of an infant had a
significant effect on the sociability of an infant’s mother. Infants’ mothers having a female offspring
and/or older infants were found to have a higher sociability than infants’ mother’s having a male
offspring and/or younger infants. To conclude, the factors which were found to influence an infant’s
exploratory tendency can be linked to the number of social inputs an infant receives. Therefore, as for
humans, it is proposed that the quantity and quality of social inputs an infant Sumatran orangutan
receives, will mostly determine an infant’s later cognitive performance. This result suggests that the
human sensitivity to opportunities for social learning was inherited from our great ape ancestors.



Lekensamenvatting

Cognitie is gedefinieerd als het vermogen om te leren. Het vermogen om te leren bij mensen is
aanzienlijk hoger dan bij andere diersoorten. Echter, tal van onderzoeken hebben aangetoond dat
gelijkaardige processen voor de ontwikkeling van het leervermogen aanwezig zijn bij verschillende
diersoorten, waaronder ook bij de Sumatraanse orang-oetans. Wetende dat orang-oetans een van de
meest verwante soorten zijn van de mens, is het een goede soort om de basis van de ontwikkeling van
het meer complexe leervermogen bij mensen te leren te begrijpen. Daarvoor heb ik een studie
uitgevoerd waarin ik specifiek het exploratief gedrag van jonge orang-oetans heb bestudeerd. Het
exploratief gedrag is een maat om de leerprestaties van een jonge orang-oetan te meten. De
gedragsstudies werden uitgevoerd op een populatie van wilde Sumatraanse orangutans, in het
onderzoeksgebied Suaq Balimbing, gelegen in Indonesié. In totaal werden 11 verschillende jonge
orang-oetans geobserveerd, tussen de leeftijden van 0.5 tot 9 jaar. Op basis van verschillen in de
leerprestaties van jonge orang-oetans konden ik onderzoeken welke factoren een effect hebben op de
leerprestaties van jonge orang-oetans. Bij mensen is aangetoond dat het aantal en de kwaliteit van
sociale prikkels die een persoon ontvangt grotendeels het leervermogen van deze persoon zal bepalen.
Daarom werden verschillende factoren, die meestal gelinkt kunnen worden aan sociale prikkels,
onderzocht die de leerprestatie van orangutans mogelijks beinvioeden. De leerprestaties van jonge
orang-oetans kunnen vanuit drie verschillende richtingen beinvloed worden: (1) door het gedrag van
de moeder, (2) door bepaalde eigenschappen van de jonge orang-oetan zelf en (3) door externe
factoren. Ten eerste, bewijs voor de invloed van het gedrag van een moeder op het leervermogen van
een jonge orang-oetan werd gevonden. Hoe socialer een moeder van een jonge orang-oetan was, hoe
hoger de leerprestaties van de jonge orang-oetan. Verder, hoe meer tijd een moeder spendeerde aan
eten, bouwen van nesten en het exploreren van haar omgeving, hoe lager de leerprestaties van jonge
orang-oetans waren. Er is geen bewijs voor het effect van de terughoudendheid van een moeder op
de leerprestaties van een jonge orang-oetan gevonden. Ten tweede, bewijs voor het effect van
bepaalde eigenschappen van een jonge orang-oetan zelf op zijn/haar leerprestaties werd gevonden.
Voor jonge orang-oetans, tussen de leeftijd van 1 tot 4 jaar, zijn de leerprestaties het hoogst. Er werd
echter geen verschil in de leerprestaties tussen mannelijke en vrouwelijke jonge orang-oetans
gevonden. Ten derde, externe factoren, zoals de hoeveelheid voedsel die aanwezig is, de aanwezigheid
van een oudere broer of zus of de verwantschap met dieren waarmee een associatie wordt gevormd,
werden onderzocht. Enkel de aanwezigheid van een oudere broer of zus leek een positief effect te
hebben op de leerprestatie van jonge orang-oetans. Uit deze studie kan worden besloten dat zowel de
socialiteit van een moeder, de activiteit van een moeder, de leeftijd van een jonge orang-oetan en de
aanwezigheid van een oudere broer of zus een effect hebben op het exploratief gedrag van jonge
orang-oetans. Aangezien de socialiteit van een moeder een aanzienlijke invioed heeft op het
exploratief gedrag van een jonge orang-oetan, werden de verschillende factoren die de socialiteit van
een moeder kunnen beinvloeden ook onderzocht. Er werd gevonden dat moeders met oudere of/en
met vrouwelijke jonge orang-oetans meer sociaal zijn dan moeders met jongere en mannelijke jonge
orang-oetans. Gebaseerd op de resultaten van mijn studie kan ik besluiten dat de verschillende
factoren, die een invloed hebben op de leerprestaties van jonge orang-oetans, gelijkaardig zijn aan de
factoren die de leerprestaties van mensen beinvioeden. Dit doet vermoeden dat het belang van sociale
prikkels op de ontwikkeling van het leervermogen in mensen al afstamt van de mensapen.



Introduction

Cognition: from humans to Sumatran orangutans

Cognition is the ability to learn or more specifically, the ability to memorize, understand and apply
(Anderson et al., 2001; Dictionary, 2008). The better an individual’s ability to learn, the higher its
cognitive performance. The cognitive performance is different for every human being (Von Eckardt,
1999). Differences in cognitive performance between individuals and the developmental determinants
of these differences in cognitive performance have been the focus of a variety of studies (e.g.
Hetherington, Parke & Locke, 1999; Nelson et al., 2007). To be able to understand how these individual
differences in cognitive performance emerge, it is important to understand which mechanisms
contribute to the development of an individual’s cognition.

Plomin & Spinath (2004) found evidence that developmental inputs, more than genetic inputs,
determine an individual’s cognitive development. The two main learning mechanisms, which
contribute to the development of an individual’s cognition, are social learning and asocial learning
(Nisbett, 2009; Heyes, 2012). Social learning is defined as learning which is influenced by observing,
associating or interacting with other individuals. Asocial learning is defined as learning from an
observed event in the absence of another individual (Schuppli, Forss, Meulman, Atmoko et al., 2016).
Thus, the experiences and abilities an individual gains through social learning are transferred to new
situations and will automatically increase an individual’s asocial learning abilities (Custance, Whiten &
Fredman, 2002; Caldwell & Whiten, 2007; Rapaport & Brown, 2008; Nisbett, 2009; Jaeggi et al.,2010;
van Schaik & Burkart, 2011; Schuppli, Meulman et al., 2016). Therefore, social and asocial learning are
considered to be closely connected with each other and contribute both to the development of an
individual’s cognition (Custance, Whiten & Fredman, 2002; Caldwell & Whiten, 2007; Rapaport &
Brown, 2008; Reader et al., 2011). However, in the absence of social learning, asocial learning would
be very limited or non-existent too. Therefore, social learning is argued to be from major importance
in the development of an individual’s cognition (Vygotsky, 1978; Nelson et al., 2007). Nelson et al.
(2017) found evidence that individuals who receive a higher quantity and quality of social inputs during
childhood have a higher cognitive performance. Therefore, social inputs are considered to be the main
factor influencing an individual’s cognitive development in humans (Maggi et al., 2010).

Although humans show a level of cognition that is significantly higher than that of any other species,
growing evidence suggest that cognition is not a uniquely human phenomenon but that it can be found
in a variety of species (e.g. pigeons: Blough, 1989; cattle: Fernandes et al., 2015; horses: Schuetz,
Framet & Kreuger, 2016). Therefore, a certain degree of evolutionary continuity is expected in the
development of an individual’s cognition (Schuppli, manuscript). Since Sumatran orangutans are one
of humans’ closest relatives, they are an ideal species to investigate the evolutionary continuity of the
development of cognition in humans. By investigating which factors influence the cognitive
development in Sumatran orangutans and whether the role of social inputs on the development of
cognition in Sumatran orangutans is similar, the evolutionary roots of cognitive development in
humans will be better understood.



Why study differences in cognitive performance in (infant) Sumatran orangutans?

The aim of this study is to investigate how the variation in cognitive performance between infant wild
Sumatran orangutans (Pongo abelii) emerges. Orangutans can be divided into two species, namely
Bornean and Sumatran orangutans. In addition, both species can be splitted in multiple subspecies,
whereof our study species, Sumatran orangutans (Pongo abelii), is one of the two subspecies of
Sumatran orangutans (Knott, 1999; Steiper et al., 2005) (Figure 2).

Orangutans

Sumatran orangutans Bornean orangutans
(Pongo abelii) (Pongo pygmaeus)

Central Bornean
orangutans
(P.p.wurmbii)

" Northeast Bornean Northwest Bornean
Sumatran orangutans Tapanuli orangutans
(

. orangutans orangutans
(Pongo abeiii) Pongo taponuliensis) (Pp.morio) (Pp.pyamaeus)

Figure 2: The classification of different orangutan (sub)species.
There are multiple reasons why orangutans are considered an ideal species to investigate their
cognitive performance.
First, as for humans, it was found that the number of social interactions an individual receives has a
significant effect on an individual’s cognitive development (Schuppli, Forss, Meulman, Atmoko et al.,
2016). In orangutans, the degree of sociability differs significantly between individuals and populations
(van Noordwijk et al., 2009). They spend on average between 5 and 50% of their time in association
with at least one conspecific (van Noordwijk et al., 2009). The high variability in the level of sociability
make orangutans the ideal model species to look at the effect social interactions have on an
individual’s cognitive development.
Second, aside from humans, orangutans have the longest childhood dependency of all mammals
(Galdikas & Wood, 1990; Tilson, 1993; Knott, 2001; van Schaik & Knott, 2001; Cawthon Lang, 2005; van
Noordwijk & van Schaik, 2005; Wich et al., 2004; 2009; Humphrey, 2010; van Noordwijk et al., 2009,
2013). In the first six to nine years of an immature’s life, orangutans are in permanent association with
their mother (Wich et al., 2004; Cawthon Lang, 2005; van Noordwijk & van Schaik, 2005; van Noordwijk
et al., 2009). In detail, for the first two years of an immature’s life, immatures are almost permanent
in body contact with their mother followed by a period of constant a close distance between mother
and infant (Rijksen, 1978; van Noordwijk et al., 2009). One of the reasons for this strong and long
association between mother and infant is the broad range of skills infants need to learn before they
are able to survive on their own (Jaeggi et al., 2008). It takes infants more than ten years to learn the
full range of necessary cognitive skills (van Noordwijk et al., 2005, 2009; Schuppli, Forss, Meulman,
Zweifel et al., 2016). This long childhood dependency is crucial and unique in both humans and
orangutans (Galdikas & Wood, 1990).
Third, Sumatran orangutans are one of the great ape species with the highest cognitive performance
(Reader et al., 2011; Deaner et al., 2006). Orangutans rely on a set of complex feeding techniques to
survive in the forest, including the use of tools to feed on e.g. termites (van Schaik & van Hooff, 1996;
Russon, 2002; Russon & Begun, 2004; Jaeggi et al., 2008). However, tool use has only been reported in
a few populations of Sumatran orangutans. In addition, the number of complex feeding techniques
orangutans use strongly differs between populations (van Schaik & van Hooff, 1996; Fox, Sitompul &
van Schaik, 1999; Fox, 2002). The ability to make and use tools or to come up with complex feeding



techniques shows that orangutans have a high cognitive performance. In addition, the variation in
these abilities reflect a high number of individual variation in the cognitive performance of orangutans
(Russon, 2002; Russon & Begun, 2004; Marshall, Ancrenaz et al., 2009). Both, orangutan’s overall high
cognitive performance and the individual variation in the cognitive performance make orangutans an
ideal species to investigate the variation in cognitive performance.

Fourth, orangutans are one of the closest living human relatives (Glazko & Nei, 2003). Orangutans and
humans are overall very similar, genetically as well as in terms of physiology and growth (Russon, 1998;
Grehan & Schwartz, 2009; Locke et al., 2011). Moreover, orangutans also share several behavioral and
developmental characteristics, such as the long period of nutritional and social dependency of an
immature (Wich et al., 2004; van Noordwijk & van Schaik, 2005; van Noordwijk et al., 2009). Due to
the great similarities between humans and orangutans, orangutans seem to be an important model
species to understand the more complex development of cognition in humans.

Last, since the inputs an individual receives during childhood determines an individual’s later cognitive
development (Nelson et al., 2007), this study is performed with infant Sumatran orangutans.

Research question I: Which factors influence the sociability of an infant’s mother?
Cognitive performance of infant Sumatran orangutans is assessed by looking at an infant’s exploratory
tendency (Overington et al., 2009; Reader et al., 2011; see material and methods). Previous research
in humans showed that the quality and quantity of social inputs an individual receives during its
childhood has an effect on the individual’s later cognitive performance (Nelson et al., 2007). Even small
differences in the number of social interactions an individual receives, have shown to affect an
individual’s cognitive development. Similar results have been found across species (Vygotski, 1978; van
Schaik, 2003, 2006) and in a previous research on Sumatran orangutans (Schuppli, Forss, Meulman,
Atmoko et al., 2016). Therefore, | am interested to investigate whether a similar effect of social
interactions on the exploratory tendency of infants’ Sumatran orangutans is found and if so, how do
these differences in the number of social interactions arise.

Sociability of the mother
For a long time, orangutans were thought to be a solitary species, in which there is only a strong

association existing between a mother and her dependent infant (Setia et al., 2009). Orangutans were
considered to avoid, as much as possible, contact with conspecifics and only during consort ship, when
females are ready to conceive, female orangutans form associations with males (Setia et al., 2009).
Therefore, beside the close mother-infant bond, no other social relationships were expected to exist
(Setia et al., 2009). However, numerous studies confirmed that orangutans, especially mother-infant
pairs, do form associations with other orangutans and have various social bonds with conspecifics (van
Schaik, 1999; van Noordwijk et al., 2009, 2012). Therefore, orangutans are nowadays defined as having
a semi-solitary lifestyle with a tendency for low-level fission-fusion grouping (van Schaik, 1999; van
Noordwijk et al., 2009, 2012). The semi-solitary lifestyle with a tendency for low level fission-fusion
grouping of orangutans can be linked with the costs and benefits the formation of associations impose.
On the one hand, the main cost linked to the formation of association is food availability (Knott, 1999;
van Schaik, 1999). By tolerating other individuals in the same food patch, an individual must share the
available food resources and spend more time finding enough food (Knott, 1999; van Schaik, 1999).
This is expected to negatively affect an orangutan’s energy level (Knott, 1999; van Schaik, 1999). On
the other hand, the benefits linked to the formation of associations strongly depends on the age-sex
class of orangutans (Table 12). The main benefit to the formation of associations for infants is the
increased number of social inputs an infant receives by being in association (van Schaik, 1999; van



Schaik et al., 1999). When a mother-infant pair is in association with another (adult) orangutan, an
infant is often very eager to interact with the association partner (Rijksen, 1978; Setia et al., 2009).
While the association partner is performing certain interesting activities, infants (usually) approach the
association partner and pay close attention to what and how the association partner is performing a
certain activity. This attentive close-range watching is called peering (Schuppli, Forss, Meulman,
Atmoko et al., 2016; Schuppli, Forss, Meulman, Zweifel et al., 2016; Schuppli, Meulman et al., 2016).
Peering enables infants to learn new cognitive skills and ultimately increase their cognitive
performance (Schuppli, Forss, Meulman, Atmoko et al., 2016; Schuppli, Forss, Meulman, Zweifel et al.,
2016; Schuppli, Meulman et al., 2016). Hereby, infants with more sociable mothers will receive more
opportunities for social learning. Since social and asocial learning are closely connected to each other
(Custance, Whiten & Fredman, 2002; Caldwell & Whiten, 2007; Rapaport & Brown, 2008; Jaeggi et al.,
2010), an infant’s exploratory tendency will increase which ultimately is expected to lead to an increase
of an infant’s cognitive performance. Therefore, the sociability of an infant’s mother is suggested to
be the main factor influencing the differences in exploratory tendency between infant Sumatran
orangutans.

Factors influencing sociability of the mother

Individual differences in the level of sociability between adult female orangutans has been recorded in
different studies (e.g. van Schaik, 1999; van Noordwijk et al., 2009). In general, variation in sociability
between infants’ mothers reflect the fluctuations between the benefits and costs associations imposes
(van Schaik, 1999). van Schaik (1999) investigated a number of factors which were expected to cause
these differences in sociability between female orangutans. Based on the research of van Schaik
(1999), the two main factors, that are expected to cause variation in a mother’s sociability, are (1) food
availability and (2) the size and composition of an infant’s mother’s family.

Environmental factor: food availability

First, food availability is expected to be one of the main factors influencing the sociability of an infant’s
mother (Chapman, 1990). Orangutans favourite and main food source is fruit, especially of orangutans
living in Suaq Balimbing (Rijksen, 1978; Sugardjito, te Boekhorst & van Hooff., 1987; Galdikas, 1988;
Leighton, 1993; Knott, 1999; Marshall, Boyko et al., 2009; Morrogh-Bernard et al., 2009). As mentioned
before, orangutans are a semi-solitary species whereby occasionally female orangutans form
associations and even can have various social bonds with other individuals (Knott et al., 2008; Te
Boekhorst, Schiirmann & Sugardjito, 1990; Singleton & van Schaik, 2002). Depending on the
population, mother-infant pairs spend between 10 and 55% of their time in association with other
individuals (van Noordwijk et al., 2009). As mentioned above, the formation of associations can be very
costly for the mother (Knott, 1999; van Schaik, 1999; Singleton et al., 2009). By tolerating other
individuals in the same food patch, the mother must share the available food resources and spend
more time finding enough food for her and her infant (Knott, 1999; van Schaik, 1999). Therefore, to
reduce food competition, each adult female orangutan has her own stable home range (Singleton et
al., 2009). An individual’s home range is defined as the area that an individual uses in its normal
movements (Jolly, 1985; Setia et al., 2009). By staying loyal to their own home range, orangutans are
able to avoid most competition over resources (Knott et al., 2008). However, home ranges often
overlap in heterogeneous and productive habitats (Singleton et al., 2009). The productivity and
heterogeneity of a home range mainly depends on the fruit availability and the number of different
fruit species present (van Schaik, 1999; Singleton & van Schaik, 2001). If home ranges overlap with
each other, more associations will take place (Singleton et al., 2009). Therefore, females having their
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home ranges in heterogeneous and productive habitats are hypothesized to be more sociable, due to
overlapping home ranges with neighboring orangutans, than females whose home ranges are located
in rather low heterogeneous and productive habitats (van Schaik, 1999; Singleton & van Schaik, 2001).
Further, orangutans often face fluctuations of fruit availability throughout the year, which can affect
their biology and behavior (Rijksen, 1978; Chapman, Chapman & Wrangham, 1995; Anderson et al.,
2002; Lwanga, 2002; Wich et al., 2006). Similar to other primate species, orangutans are able to adapt
to fruit fluctuations in different ways, dependent on the characteristics of their environment (Knott,
1998). Orangutans have been reported to cope with changes in food availability by changing their diet
composition (Rijksen, 1978; Galdikas, 1988; van Schaik & Rao, 1997; Stanford & Nkurunungi, 2003,
Wich et al., 2006), increasing their search effort (Rijksen, 1978; Chapman, 1988, Wich et al., 2006),
minimizing their energy expenditure (Chapman, 1988; Wich et al., 2006; van Noordwijk et al., 2013),
changing their ranging pattern (Oluput et al., 1997; Buij et al.,2002; Wich et al., 2006; van Noordwijk
et al., 2013), changing the timing of conceptions or copulation rates (van Schaik & van Noordwijk, 1985;
Koenig et al., 1997; Knott, 1998; Di Bitetti & Janson, 2000; Wich et al., 2006; Knott, 2011) and/or
changing their average party size (Chapman, Chapman & Wrangham, 1995; Utami et al., 1997; Knott,
1998; Mitani, Watts & Lwanga, 2002; Wich et al., 2006). By changing their average party size, food
competition will be reduced (Te Boekhorst, Schiirmann & Sugardjito, 1990; Chapman, Chapman &
Wrangham, 1995; Knott, 1998; Anderson et al., 2002; Lwanga, 2002; Wich et al., 2006). Therefore, it
is hypothesized that in periods with low food availability, an infant’s mother will be less sociable
despite the negative effect it is expected to have on an infant’s exploratory tendency (Singleton et al.,
2009).

Family size and composition
Second, it is expected that an infant’s mother’s family size and composition has an effect on the

sociability of an infant’s mother. Previously, it was shown that orangutans prefer to associate with
related individuals. Hereby, most association patterns are kin-biased (Singleton & van Schaik, 2002;
Russon et al., 2009; Singleton et al., 2009; van Noordwijk et al., 2009; 2012; Arora et al., 2012; Marzec
et al., 2016). There are still some uncertainties why orangutans have a preference to form associations
with related instead of unrelated individuals (van Noordwijk et al., 2012). The costs linked to the
formation of associations is the most probable factor explaining the kin-biased preference. Therefore,
an individual will try to avoid as much as possible other costs when associating. In case of a mother-
infant pair, when a mother associates with a conspecific for the infant’s benefit, a mother is expected
to have a preference to associate with related conspecifics since they have a higher predictability and
common interest. Therefore, related individuals are most likely to impose the lowest physiological
stress for a mother (van Noordwijk et al., 2012). This explains the bias to form associations preferential
with related individuals. In addition, besides a bias towards associating with related conspecifics, more
specifically, a bias towards forming associations with female related individuals has been found (King,
2015). The different dispersion patterns of male and female orangutans explain why such kin-biased
associations are formed between female but not between male related individuals. When female
orangutans become independent, they tend to stay in their natal area and set up their own home range
in or close to their mother’s home range. However, male orangutans tend to disperse form their natal
area (Rodman, 1973; MacKinnon, 1974; Rijksen, 1978; Galdikas, 1985, 1988; Mitani, 1989; van Schaik
& van Hoof, 1996; Utami et al., 1997; Knott, 1998, 1999; van Noordwijk et al., 2002, 2012; Singleton &
van Schaik, 2002; Setia et al., 2009; Morrogh-Bernard et al., 2011; Arora et al., 2012). Therefore, female
related individuals often have adjacent, overlapping home ranges and associations are more likely to
be formed (Singleton & van Schaik, 2002; Singleton et al., 2009; van Noordwijk et al., 2009; 2012; Arora
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et al., 2012; Marzec et al., 2016). Therefore, it is hypothesized that the higher the number of female
related individuals an infant’s mother has, the higher an infant’s mother’s sociability will be.

Sociodemographic factors

Besides the food availability and an infant’s mother family size and composition, which are expected
to influence the sociability of an infant’s mother, also the effect of some sociodemographic factors on
the sociability of an infant’s mother are investigated. The sociodemographic factors are (1) the age of
an infant, (2) the sex of an infant, (3) the maternal age of an infant’s mother, (4) the maternal
dominance rank of an infant’s mother and (5) the presence of an older sibling.

Age of the infant
First, the age of an infant is expected to have an effect on the sociability of an infant’s mother (Hansen,

1966; Rijksen, 1978; van Schaik, 1999; Nowell & Fletcher, 2007). Results have shown that the older an
infant becomes, the more they will be learning from other individuals than their mother (Schuppli,
Meulman et al., 2016). This suggests that inputs from other role models may be more important than
from the mother (Schuppli, Meulman et al., 2016). Therefore, it is expected that an infant’s mother
will be more sociable with increasing age of her offspring. In addition, based on a sociability study
performed in Sumatran orangutans, it is expected that there will be a clear difference in sociability
between mothers with infants of different age-classes (van Schaik, 1999). van Schaik (1999) reported
a significant higher sociability in females with very young (0-2 years of age) or older infants (>4 years
of age) and a significant lower sociability in females with mid-aged infants (2-4 years of age). Mid-aged
infants are defined as infants who are in the transition period from being carried to moving
independently of their mother (Phillips, 2012). There are two possible explanations for the difference
in sociability between mothers with infants of different age-classes.

Firstly, the sociability of an infant’s mother is influenced by the level of dependency of an infant on its
mother and the connected costs an infant imposes on its mother. On the one hand, when infants are
still very young, their needs are rather limited and carrying them around, due to their small body size,
is not very costly for the mother. On the other hand, older infants, who are around the age of weaning?,
are usually able to move independently of the mother and provide their own food (van Adrichem et
al., 2006; van Noordwijk et al., 2009). Therefore, the costs very young or older infants impose on an
infant’s mother are relatively low. In contrast, the costs for an infant’s mother of having a mid-aged
infant are relatively high. During most traveling, the mother still carries the infant and frequently needs
to wait and provide travel assistance. Further, since the infant only does very little effective feeding by
itself, most of the nutrition is still provided through the breast milk of the mother (van Schaik, 1999;
van Noordwijk et al., 2009). Therefore, mid-aged infants bring the highest costs for the mother
(Prentice & Whitehead, 1987; Gittlean & Thompson, 1988; Dufour & Sauther, 2002; van Noordwijk et
al., 2013). Since the formation of associations bring even extra costs, because of food competition
(Singleton et al., 2009), it is expected that mothers with mid-aged infants will be less sociable
compared to mothers with very young or older infants. Similar results have been recorded in other
primate species (rhesus macaques: Hansen, 1966; gorillas: Nowell & Fletcher, 2007).

Secondly, a mother with a mid-aged infant is expected to have a lower sociability due to the potential
risks associations imposes. When a mother-infant pair is in association, infants tend to pay less
attention to their movements and surroundings. Hereby, if the infant is distracted by other

Weaning is defined as the process of getting independent from mother's milk and switching to other (solid) food
(Cawthon Lang, 2005; van Noordwijk et al., 2009). Weaned infants are completely responsible for their own food
intake.
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conspecifics, a potentially dangerous environment is created and accidents are more likely to happen
(Goodall, 1986; van Schaik, 1999; Phillips, 2012). This is especially valid for mid-aged infants who are
in the transition period from being carried to moving independently and are not yet completely in
control of their own movements (Phillips, 2012).

To conclude, two hypotheses about the effect of an infant’s age on the sociability of the mother can
be made. First, mothers will become more sociable with increasing age of the infant. Second, mothers
with mid-aged infants are expected have a lower sociability than mothers with very young or older
infants.

Sex of the infant

Second, also the sex of an infant is expected to influence the sociability of an infant’s mother. In a
variety of non-human animal species, a difference in parental investment has been found depending
on the sex of the infant (Lee & Moss, 1986; Trillmich, 1986; Komdeur et al., 1995; Komdeur et al.,
1997). Overall, a higher parental investment is expected in the sex which provides (one of) the parents
the highest fitness return (Salmon & Shackelford, 2007). In orangutans, fathers rarely play a role in
raising their infant and therefore only maternal investment in the infant will be present (Galdikas &
Wood, 1990). Since male-male competition in the mating system of orangutans is very high, male
reproductive success is more variable than female reproductive success (Trivers, 1972; Utami et al.,
2009). Therefore, investing in a male infant and having a smart, high cognitive male infant will be more
beneficial for the maternal fitness than having a high cognitive female infant (Trivers, 1972). In line
with the idea that social interactions increase an infant’s exploratory tendency and ultimately an
infant’s cognitive performance (van Schaik, 1999; van Schaik et al., 1999), it is expected that mothers
with a male infant will be more sociable than mothers with a female infant. Another reason why
mothers are expected to be more social when having a male infant is due to the difference in
dependency time between male and female infants. Male infants are in close association with their
mother for a shorter time period than female infants (Miller, 2013). Miller (2013) reported that in
Bornean orangutans, males tend to stay close to their mother until the age of ten while females are
dependent on their mother for a couple of extra years. This means that males have to learn the same
number of essential cognitive skills, to be able to survive independently, in a shorter time period than
females. As mentioned before, in line with the idea that social interactions increase an infant’s
exploratory tendency (van Schaik, 1999; van Schaik et al., 1999), it is hypothesized that an infant’s
mother will be more sociable when raising a male infant than when raising a female infant.

Maternal dominance rank of the infant’s mother

Although the presence of a clear dominance hierarchy in female orangutans has been doubted
(Roman, 1977; Rijksen, 1978; Tuttle, 1986; Tuttle & Cortright, 1988; Kaplan & Rogers, 1994; Galdikas,
1995) (Galdikas, 1995; van Schaik & van Hooff, 1996), anecdotal data of females displacing other
females has been collected (Sugardjito, te Boekhorst & van Hooff., 1987; Utami et al., 1997). Therefore,
based on the idea that a reliable dominance rank can be assigned to each adult female, a mother’s
dominance rank is expected to influence her own sociability. In a variety of species it has been found
that adult females, with a higher dominance rank, establish their home ranges in higher quality
habitats than adult females with a lower dominance rank (e.g. chimpanzees: Williams et al., 2002;
Murray, Eberley & Pusey, 2006; Thompson et al., 2007; Kahlenberg et al., 2008; red-winged blackbirds:
Eckert & Weatherhead, 1987; northern spotted owl: Franklin et al., 2000). In addition, higher dominant
females were found to be better in defending their home range than less dominant females. At the
same time, females with a lower dominance rank were found to avoid as much as possible areas where

13



females with a higher dominance rank are living (Wrangham, 1980; Knott et al., 2008). Hereby, higher
dominant females will have access to more and better quality food resources than lower dominant
females. Further, having high quality home ranges lead to improved physical condition and less food
competition (Thompson, 2005; van Schaik, Marshall & Wich, 2009). Therefore, more dominant females
are able to afford more associations with conspecifics and is it hypothesized that infant’s mothers with
a higher dominance rank will be more social than infant’s mothers with a lower dominance rank.

Maternal age of the infant’s mother
Fourth, the maternal age as well is expected to have an effect on the sociability of an infant’s mother

(Clutton-Brock, 1991). On the one hand, according to the ‘Terminal Investment Theory’, there is a
trade-off between reproduction and future survival (Williams, 1966). Energy or resources invested in
reproduction cannot be used to invest in characteristics of future survival, such as growth and
maintenance. With increasing maternal age, the mother’s chances for survival will be declining.
Therefore, more resources will be invested in reproduction (Williams, 1966; Figure 3). In other words,
the mother will invest more in her infant than in herself. In line with the idea that social interactions
increase an infant’s exploratory tendency and ultimately an infant’s cognitive performance (van Schaik,
1999; van Schaik et al., 1999), it is hypothesized that there will be an increase in sociability of an infant’s
mother with increasing maternal age.

Increasing maternal age

4
:»y"> Investment of energy and resources

4
: ,") Investment of energy and resources

Reproduction

Future survival Reproduction Future survival

Figure 3: 'The Terminal Investment Theory'. The balance between investment of energy and
resources for future survival or reproduction.

Presence of an older sibling
Fifth, the presence of an older sibling is expected to have an effect on the sociability of an infant’s

mother. Often, the older offspring is still in close association with its mother when the mother gives
birth to a newly born infant (van Noordwijk et al., 2009). On that moment, the older sibling reached
the age of a juvenile (van Noordwijk et al., 2009). In general, the exploratory tendency in juveniles is
rather low while the engagement in social play is rather high, in comparison with infants (Groos, 1898;
Kunz, 2015). Social play is an important source of social learning and will enlarge an individual’s
cognitive performance (Kunz, 2015). Therefore, it is very important for juveniles to engage in social
play with conspecifics. On the one hand, if an older sibling is still in close association with the mother-
infant pair, the older sibling could engage in social play with the mother and/or the infant. However,
older siblings are expected to have a preference to engage in social play with same-aged, same-sexed
and/or same-ranked play partners instead of engaging in social play with the mother and/or the infant
(e.g. gorillas: Maestripieri & Ross, 2004; great apes: Lewis & Barton, 2006; Kunz, 2015). Therefore,
because an older sibling’s need for social play, an older sibling is expected to initiate a number of
associations. Thus, the associations, which are formed between the mother-infant pair and the older
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sibling with conspecifics, will mainly be initiated by the older sibling. Although a mother-infant pair is
not expected to directly benefit by forming associations (van Schaik, 1999), a mother-infant pair will
(obligatory) have to follow the older sibling, whether or not from distance, since the mother is not
confident about the abilities of the older sibling to be on its own yet. In addition, a mother’s indirect
fitness will increase by having an older sibling who engages more in social play, and hereby has a higher
cognitive performance (Williams et al., 2002). Therefore, it is hypothesized that if an older sibling is
still in close association with a mother-infant pair, the sociability of a mother will be higher than when
no older sibling is in association with a mother-infant pair.

Conclusion: factors influencing sociability of the mother
To conclude, the sociability of an infant’s mother is expected to influence an infant’s exploratory

tendency and is expected to be influenced by different factors itself. Higher sociability of an infant’s
mother will have a positive influence on an infant’s exploratory tendency and ultimately an infant’s
cognitive performance.

Research question II: Which factors influence an infant’s exploratory tendency?
However, it is expected that only part of the variation in exploratory tendency between infants can be
explained by the sociability of the mother. Therefore, the effect of other factors on the exploratory
tendency of infants is investigated. Basically, it is expected that an infant’s exploratory tendency will
be influenced by (1) characteristics of an infant’s mother, (2) own characteristics of an infant and (3)
external factors.

Influence of the mother

First, the influence of a mother on an infant’s exploratory tendency is investigated. Three main
characteristics of an infant’s mother are expected to affect the development of an infant’s cognition.
Firstly, the sociability of a mother is expected to influence an infant’s exploratory tendency. This is
already explicit discussed in the first part of the introduction. Secondly, the restrictiveness of a mother
and thirdly, the activity of a mother, are investigated as potential factors influencing an infant’s
exploratory tendency.

Restrictiveness of the mother
Besides the sociability of an infant’s mother, it is also expected that the restrictiveness of an infant’s

mother will influence the exploratory tendency of an infant. Restrictiveness of an infant’s mother is
defined as the interfering of an infant’s mother with an infant’s activity by collecting the infant. In a
number of different non-human primate species, an infant’s mother’s restrictiveness was recorded to
be the highest when in association with conspecifics (pig-tailed macaques: Wolfheim, Jensen & Bobbit,
1970; squirrel monkeys: Kaplan, 1972; vervet monkeys: Fairbanks & McGuire, 1993). A similar pattern
is expected to be found in orangutans, due to the arboreal nature of orangutans (van Schaik, 2000). As
mentioned before, the highest risk of an orangutan’s arboreal nature is the possibility of falling out of
a tree, which can lead to severe injuries or even dead (chimpanzees: Goodall, 1986). Since infants pay
less attention to their movements and surroundings when encountering conspecifics, being in
association creates a potentially dangerous environment for an infant (Phillips, 2012; Falkner, 2015).
Therefore, a higher restrictiveness of an infant’s mother is expected when the mother-infant pair is in
association with conspecifics (Hansen, 1966; Nowell & Fletcher, 2007; Falkner, 2015). However, by
restricting an infant when being in association, an infant will receive less social inputs. Therefore, high
restrictiveness, during associations, is expected to negatively affect an infant’s exploratory tendency.
In addition, infants’ mothers are also expected to be restrictive when they are not in association with
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conspecifics (humans: Broberg et al., 1997). Also in these situations, the restrictiveness of an infant’s
mother is expected to negatively affect an infant’s exploratory tendency. For instance, when having a
highly restrictive mother, an infant will have fewer opportunities to e.g. explore its environment
(humans: Broberg et al., 1997). Therefore, it is hypothesized that the higher the restrictiveness of an
infant’s mother, undetermined whether or not the mother-infant pair is in association with
conspecifics, the less opportunities an infant will have to perform any kind of object manipulation
behavior and the lower an infant’s exploratory tendency will be.

Activity of the mother
Next to the sociability and the restrictiveness of an infant’s mother, the activity of an infant’s mother
is also expected to influence the exploratory tendency of an infant (Altman, 1980; Maestripieri, 1995;
van Schaik, van Noordwijk & Vogel, 2009; Jaeggi et al., 2010). A mother’s main daily activities consist
of traveling, feeding and resting (Williamson &
ACTIVITY BUDGET Dunbar, 2001; Morrogh-Bernard et al., 2009). The
mTraveling W Feeding mResting m Other activities ~ Percentage of time used for each activity, forms the
overall activity budget (Morrogh-Bernard et al.,
2009). Based on the results of three different
studies, investigating activity patterns in
orangutans, an average daily activity budget for
orangutans was calculated (MacKinnon, 1974;
Rodman, 1979; Mitani, 1989). According to Knott
(1999), orangutans spend approximately 13% of
their time traveling, 41% of their time feeding, 44%

of their time resting and 3% of their time on nest
Figure 4: Average daily activity budget of an building and engaging in other activities such as
orangutan (Knott, 1999). fighting, mating and socializing (Figure 4).

Due to the strong mother-infant dependency in the first few years of an infant’s life (Wich et al., 2004;
Cawthon Lang, 2005; van Noordwijk & van Schaik, 2005; van Noordwijk et al., 2009), a mother’s activity
is expected to have an important influence on an infant’s exploratory tendency and ultimately its
cognitive performance (Jaeggi et al., 2010; Kunz, 2015). First, when a mother is traveling, especially
when an infant is still dependent on its mother for traveling, an infant must spend its time either closely
following or clinging to its mother (van Noordwijk & van Schaik, 2005; Kunz, 2015). Therefore, the time
available for an infant to perform any kind of object manipulation behavior will be limited. Second,
while a mother is feeding, nest building or exploring, an infant will be positively influenced and
stimulated, due to the social inputs an infant receives, by a mother’s activity to perform any kind of
object manipulation behavior themselves (Jaeggi et al., 2010; Kunz, 2015). In addition, in a study
performed on chimpanzees (Pan troglodytes), researchers showed a positive relationship between the
exploratory tendency performed by a mother and by an infant (Lonsdorf, 2006). Therefore, feeding,
nesting and exploring by the mother are expected to have a positive effect on the exploratory tendency
of an infant (Jaeggi et al.,, 2010; Kunz, 2015). Last, when a mother is resting, an infant is neither
restricted nor stimulated by the activity of its mother to perform any kind of object manipulation
behavior (Kunz, 2015). Therefore, an infant’s exploratory tendency is expected to be rather neutral,
compared to situations where the mother is performing any other activity, while the mother is resting.
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To conclude, different hypotheses about the effect of the activity of an infant’s mother on an infant’s
exploratory tendency are formed. First, it is hypothesized that an infant will have the highest
exploratory tendency while an infant’s mother is feeding, nest building or exploring, less while an
infant’s mother is resting and the least while an infant’s mother is traveling (Jaeggi et al., 2010; Kunz,
2015). Second, based on the first hypothesis, an infant’s exploratory tendency is hypothesized to be
influenced by the daily activity budget of an infant’s mother (Jaeggi et al., 2010; Kunz, 2015). On the
one hand, the more time an infant’s mother is performing activities that positively influence an infant’s
activity, such as feeding, nest building and exploring, the higher the exploratory tendency of an infant
is expected to be. On the other hand, the more time an infant’s mother spends on traveling or resting,
and hereby negatively- or neutrally-influencing an infant’s activity, the lower the exploratory tendency
of an infant will be. Third, it is hypothesized that there will be a positive effect of the exploratory
tendency of an infant’s mother on the exploratory tendency of an infant itself (Lonsdorf, 2006). To
conclude, the higher the number of social inputs an infant receives, due to the activity of the mother,
the higher an infant’s exploratory tendency is expected to be.

Influence of the infant

Thus, the three main characteristics of a mother, which are expected to influence an infant’s
exploratory tendency, are (1) a mother’s sociability, (2) a mother’s restrictiveness and (3) a mother’s
activity. Besides the mother who is expected to influence an infant’s exploratory tendency, part of the
variation in the exploratory tendency between infants might also be caused by some specific
characteristics of the infants themselves, such as (1) the age and (2) the sex of an infant.

Age of the infant

First, the age of an infant is expected to be one of the most important characteristics of an infant
influencing its own exploratory tendency. In several primate species, different ontogenetic trajectories
for try-feeding and exploration were found (chimpanzees: Cordoni & Palagi, 2011; gorillas: Maestripieri
& Ross, 2004; vervet monkeys: Fairbanks, 2000). Also for orangutans, the ontogenetic trajectories of
the two different object manipulation behaviors have been studied (van Adrichem et al., 2006; Kunz,
2015). First, rates of try-feeding were found to be generally high until the age of three to four years,
with a peak around the age of two years, and were followed with a quite abrupt ceasing around the
age of four to five years (van Adrichem et al., 2006; Kunz, 2015). Second, rates of exploration were
found to be high until the first two to three years of an infant’s life and then sharply decreases (Kunz,
2015). Therefore, it is expected that the rates of try-feeding and exploration will have a similar age-
pattern. It is hypothesized that the exploratory tendency of the infants will be the highest between the
ages of one to four years followed by a quite abrupt ceasing of their exploratory tendency around the
age of four to five years.

Sex of the infant
Second, the effect of an infant’s sex on its exploratory tendency was investigated. Studies performed

in closely related primate species, found different outcomes (Power, 1999). In rhesus (Macaca
mulatta) and colobus monkeys (Colobus), it was found that females engaged more in any kind of object
manipulation behavior than males, while the opposite result was found in capuchin monkeys (Cebinae)
(rhesus monkeys: Wilcoxon et al., 1969; O’Neill & Price, 1991; Novak et al., 1993, colobus monkeys:
Starin, 1990; capuchin monkeys: Visalberghi, 1988). In addition, no sex difference in exploratory
tendency was found in a study conducted in gorillas (Gorilla gorilla) (Gold, 1992). Due to the variation
in the outcomes, between closely related primate species, it is difficult to draw any expectation about
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the effect of an infant’s sex on its exploratory tendency. However, a more recent study, investigating
termite fishing in chimpanzees, did find evidence for sex differences in infants’ cognitive performances
(Lonsdorf, Eberly & Pusey, 2004; Lonsdorf, Markham et al., 2014). According to Lonsdorf, Eberly and
Pusey (2004), female chimpanzees start using tools at a younger age and are more frequently peering,
when a mother is performing tool use, than male chimpanzees. The more an individual engages in tool
use, the higher its cognitive performance (Koops et al., 2015). This explains why young female
chimpanzees were found to have a higher cognitive performance than young male chimpanzees
(Lonsdorf, Eberly & Pusey, 2004; Lonsdorf, Markham et al., 2014). For orangutans, a similar expectation
about the effect of an infant’s sex on its exploratory tendency is made. Based the difference in future
interest between male and female orangutans, female infant orangutans are expected to have a higher
exploratory tendency than male infant orangutans. Adult males are primarily focused on finding
mating partners (Galdikas, 1985), while the main focus of adult females is their offspring (Gittlean &
Thompson, 1988). Pregnancy, lactating and raising offspring are highly energetically demanding
activities for an adult female (Gittlean & Thompson, 1988). Therefore, it is suggested that adult females
arein a higher need of a broad energetically rich diet, consisting of a variety of fruits, insects and plants.
In contrast, it is suggested that the need for adult males to acquire all this knowledge of different food
resources, is notably lower. Thus, based on the difference in the future energetic requirements of male
and female orangutans, it is expected that female infants will engage more in the performing of any
kind of object manipulation than male infants. Therefore, similar as what was found in the most recent
study performed in chimpanzees (Lonsdorf, Eberly & Pusey, 2004), it is hypothesized that female
infants will have a higher exploratory tendency than male infants.

Influence by external factors

Last, besides the influence of certain characteristics of a mother and an infant, external factors are also
expected to influence an infant’s exploratory tendency. The external factors which are expected to
influence an infant’s exploratory tendency are (1) food availability, (2) the presence of an older sibling
and (3) an infant’s relatedness with association partners.

Environmental factor: food availability
As mentioned before, the level of food availability is expected to have an effect on the sociability of an

infant’s mother, and hereby indirectly affect an infant’s exploratory tendency (van Schaik, 1999; Maggi
et al., 2010). Besides an indirect effect, also a direct effect of food availability on an infant’s exploratory
tendency is expected (Wich et al., 2006; van Noordwijk et al., 2009). If the level of food availability
and/or quality is rather low, this will negatively affect an infant’s energy balance and availability of
“free” time due to a need for longer processing of lower quality food and/or due to an increase in time
needed for searching enough food (Wich et al., 2006; Harrison et al., 2011). Consequently, there will
be less time available for performing any type of object manipulation behavior (van Noordwijk et al.,
2009). In addition, during a high level of food availability, infants are expected to be healthier and in
better condition whereby it is more likely to explore their environment (Schuppli, Forss, Meulman,
Atmoko et al., 2016). Originally, this hypothesis was only expected to be valid for fully weaned and not
for unweaned infants. Based on the idea that mother milk supplies unweaned infants with enough
energy, their exploratory tendency was expected to be not or less influenced by a change in the level
of food availability and/or quality (van Noordwijk et al., 2009, 2013; Kunz, 2015). However, some
researchers argue that, although a low level of food availability and/or quality can be buffered by the
provision of mother milk, it cannot be excluded that the composition and/or the amount of mother
milk will change in periods with a low level of food availability and/or quality (Kunz, 2015). Hereby, a
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decrease in the level of food availability and/or quality will also negatively affect the unweaned infants’
energy balance and time, resulting in a decreasing infant’s exploratory tendency. Furthermore, some
researchers also argue that from the age of one year, indefinite the provision of mother milk, infants
tend to be influenced by a change in the level of food availability and/or quality since from that age
infants already feed on solitary food themselves (van Noordwijk & van Schaik, 2005; van Noordwijk et
al., 2013). Therefore, it is hypothesized that during periods of a low level of food availability and/or
quality, for both unweaned and fully weaned infants, the infants’ exploratory tendency will decrease.

Presence of an older sibling

Whether or not there is an older sibling in close association with a mother-infant pair is expected to
influence an infant’s exploratory tendency (Sutton-Smith & Rosenberg, 1970; Jolly, 1985; Teti et al.,
1986; Zukow, 1989; Broberg et al., 1997; Barr & Hayne, 2003). Most cognitive skills an infant possesses
are learned from their mother (Jaeggi et al., 2008, 2010; Schuppli, Meulman et al., 2016). However,
part of an infant’s cognitive skill set are also learned from other conspecifics, such as from an older
sibling (van Schaik, 1999; van Schaik et al., 1999). In humans, different studies have been conducted
to determine the effect of the presence of a sibling on a child’s cognitive performance (Barr & Hayne,
2003). It was found that children with siblings imitated more behavior without explicit instruction than
children without siblings. In addition, children with an older sibling imitated other children more often
than children without an older sibling (Barr & Hayne, 2003). Therefore, if an infant lives in close
association with both its mother as well as an older sibling, the number of social inputs are expected
to be larger than when an infant only lives in close association with its mother (Sutton-Smith &
Rosenberg, 1970; Lamb, 1978; Teti et al., 1986; Zukow, 1989). Therefore, it is hypothesized if an older
sibling is in close association with a mother-infant pair, the infant’s exploratory tendency will be higher.

Percentage association partners related with the infant

Last, it is expected that the percentage of association partners who are related with an infant will
influence the exploratory tendency of an infant. Although a high tolerance level towards both related
as unrelated conspecifics by mother-infant pairs have been previously recorded in Suaqg Balimbing (van
Schaik, 1999; Fragaszy & Perry, 2008; Kunz, 2015), the tolerance level does not reveal the difference
in the type of interactions, which take place during an association with related or unrelated
conspecifics. Whenever mother-infant pairs associate with related conspecifics, it is expected that
more beneficial interactions will take place, such as social learning (i.e. peering), social play, food
sharing etc. (van Noordwijk et al., 2012). In contrast, during associations between a mother-infant pair
and unrelated conspecifics, besides the tolerance of the unrelated individuals, little beneficial
interaction for the mother-infant pair are expected to occur. Therefore, it is expected that interactions
with related conspecifics impose a higher number of social inputs than interactions with unrelated
conspecifics. Thus, it is hypothesized that the higher the percentage of association partners who are
related with an infant, the higher the exploratory tendency of an infant will be.

19



Extension of research question II: Which factors influence a juvenile’s exploratory

tendency?

In this study, the focus lays on infant Sumatran orangutans. However, limited data was collected on a
number of juvenile Sumatran orangutans too. Therefore, the effect of some factors on a juvenile’s
exploratory tendency was determined. The first two factors, which are investigated and expected to
influence a juvenile’s exploratory tendency, are (1) the immediate sociability of a juvenile and (2) the
food availability. The same hypotheses as for the effect of these factors on an infant’s exploratory
tendency are made, stated by the same arguments. First, it is hypothesized that the higher the
immediate sociability of a juvenile, the higher the exploratory tendency of the juvenile (Schuppli,
Meulman et al., 2016). Second, it is hypothesized that the higher the level of food availability, the
higher the exploratory tendency of a juvenile (van Schaik, 1999; Maggi et al., 2010). Besides the effect
of these two factors on the exploratory tendency of juveniles, also the effect of one long-term factor
was investigated on the exploratory tendency of juveniles. Whether the sociability of a juvenile’s
mother, during the time a juvenile was still dependent on its mother, has an effect on the current
exploratory tendency of a juvenile. It is hypothesized, based on the same arguments as for the
immediate sociability of a mother, that the higher the sociability of a juvenile’s mother during the
infancy period of a juvenile, the higher a juvenile’s exploratory tendency will be now.
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Aim of the study

The aim of this project is to investigate which factors influence the exploratory tendency of infant
Sumatran orangutans. Based on the results of previous research, the sociability of an infant’s mother
is expected to be one of the most important characteristics influencing an infant’s exploratory
tendency (Schuppli, Forss, Meulman, Atmoko et al., 2016). The orangutans at Suaqg Balimbing show
individual differences in their levels of sociability. Since factors influencing the sociability of an infant’s
mother indirectly influence an infant’s exploratory tendency, it was relevant for the aim of this project
to investigate the factors influencing an infant’s mother’s sociability. The factors which are expected
to influence an infant’s mother sociability are (1) food availability, (2) family size and composition, (3)
age of the infant, (4) sex of the infant, (5) maternal dominance rank of the infant’s mother, (6) maternal
age of the infant’s mother and (7) presence of an older sibling (Figure 5).

However, besides the sociability of an infant’s mother, other factors are expected to have an effect on
an infant’s exploratory tendency. These factors can be divided into three different categories, namely
(1) characteristics of the infant’s mother, such as the sociability, restrictiveness and the activity of the
infant’s mother (2) characteristics of the infant itself, such as age and sex of the infant, and (3) external
factors, such as food availability, whether or not the infant lives together with an older sibling and the
percentage of association partners related with the infant (Figure 6).

Sociability of the

mother
Food availability | . Presence of a
sibling
Family: size and
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Figure 5: Scheme of possible factors influencing the sociability of an infant’s mother.
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Figure 6: Scheme of possible factors influencing an infant's exploratory tendency.
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Research hypotheses recapitulation
Research question: Which factors influence the exploratory tendency of infant Sumatran orangutans?

Research question I: Which factors influence the sociability of an infant’s mother?

Research question II: Which factors, besides the sociability of an infant’s mother, influence an
infant’s exploratory tendency?

Extension of research question Il: Which factors influence a juvenile’s exploratory
tendency?

Research question I: Which factors influence the sociability of an infant’s mother?

Sociability of the mother is expected to be the main factor influencing the exploratory tendency of
infant Sumatran orangutans. The higher the sociability of an infant’s mother, the higher the exploratory
tendency of the infant.

1.

Food availability: The sociability of an infant’s mother increases with increasing food
availability.

Family size and composition: The higher the number of female related individuals an
infant’s mother has, the higher the sociability of the infant’s mother.

Age of the infant: An infant’s mother will be less sociable when the infant is around
the age of two to four years. In the years preceded and followed, there will be an

increase in sociability of the mother.

Sex of the infant: The mother will be more social when having male infant than when
having female infant.

Maternal dominance rank of the infant’s mother: The higher the dominance rank of
the infant’s mother, the higher the sociability of the mother.

Maternal age of the infant’s mother: More associations will be formed with increasing
maternal age as proposed by the ‘Terminal Investment Theory’.

Presence of an older sibling: An infant’s mother will be more sociable when an older
sibling is still in permanent association with the mother-infant pair.
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Research question Il: Which factors, besides the sociability of an infant’s mother, influence an infant’s
exploratory tendency?

1. Influence of the mother on an infant’s exploratory tendency

a. Sociability of the mother: The higher the sociability of an infant’s mother, the higher
the exploratory tendency of an infant.

b. Restrictiveness of the mother: The higher the restrictiveness of an infant’s mother,
the lower the exploratory tendency of an infant.

c. Activity of the mother:

i. Activity of an infant’s mother while an infant is performing any kind of object
manipulation behavior: The exploratory tendency of an infant is the highest
when an infant’s mother is feeding, nesting or exploring, lower when an
infant’s mother is resting and the lowest when an infant’s mother is traveling.

ii. Daily activity budget of an infant’s mother: An infant’s exploratory tendency
is influenced by the daily activity budget of an infant’s mother. On the one
hand, the more time an infant’s mother is performing activities which
positively affect an infant’s activities, such as feeding, nesting and exploring,
the higher the exploratory tendency of an infant will be. On the other hand,
the more time an infant’s mother is traveling or resting, and hereby negatively
or not affecting an infant’s activities, the lower the exploratory tendency of an
infant will be.

iii. Exploratory tendency of an infant’s mother: There is a positive effect of the
exploration level of an infant’s mother and the exploratory tendency of an

infant.

2. Influence of the infant on its exploratory tendency

a. Age of the infant: The exploratory tendency of an infant will be the highest between
the ages of one to four years, followed by a quite abrupt ceasing of its exploratory
tendency around four to five years of age.

b. Sex of the infant: Female infants have a higher exploratory tendency than male
infants.
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3.

Influence of external factors on an infant’s exploratory tendency

a. Food availability: In periods with low food availability, infants have less time and
energy to perform any kind of object manipulation behavior and thus have a lower
exploratory tendency compared to periods with high food availability.

b. Presence of an older sibling: Infants, who live in close association with both their
mother as well as an older sibling, have a higher exploratory tendency than infants
who are not living in close association with an older sibling.

c. Percentage of association partners related with an infant: The higher the percentage
of association partners which are related with the infant, the higher the exploratory
tendency of the infant.

Extension of research question Il: Which factors influence a juvenile’s exploratory tendency?

1.

Sociability of a juvenile’s mother during the time the juvenile was still dependent on its
mother: The higher the sociability of a juvenile’s mother, during the time a juvenile was still in
close association with its mother, the higher the exploratory tendency of a juvenile now.

Immediate sociability of the juvenile: The higher the sociability of a juvenile, the higher its
exploratory tendency.

Food availability: Similar as for infants, in periods with low food availability, juveniles have less

time and energy to perform any kind of object manipulation behavior and thus have a lower
exploratory tendency compared to periods with high food availability.
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Material & methods

Study area and study period

The field study was conducted at the Suaq Balimbing research area in the Kluet region of Gunung
Leuser National Park (32 42°N; 972 26°E, Aceh Selatan, Sumatra, Indonesia) on a population of wild
Sumatran orangutans (Pongo abelii) (Figure 7). Suaq Balimbing is a functioning orangutan study area
run by the Department of Anthropology of the University of Zirich in collaboration with Fakultas
Biologi of Universitas Nasional (UNAS), Sumatran Orangutan Conservation Program (SOCP) and
PanEco. The study area is located near Sumatra’s west coast, consists of a variety of floodplain and hill
forest habitats (van Schaik, 1999; Wich & van Schaik, 2000) and has an extensive trail system with
many habituated orangutans who are individually known. With 7.4 individuals per square kilometer,
Suag Balimbing shows the highest Sumatran orangutan density of all studied orangutan study areas
(van Schaik & Knott, 2001; Husson et al., 2009; Singleton et al., 2009).

Data on infants’ behavior were collected during 6 months (from November 2016 until April 2017) by
well-trained observers, mainly Caroline Schuppli and myself. There were several full-day follows when
Caroline Schuppli and | took simultaneous data of the same infant in order to discuss and define
behavioral variants (Inter-observer reliability test: Mean IC- Activity offspring: 0.83). In addition to our
own collected data, behavioral data of infants” mothers and of infants themselves, collected by trusted
fellow students and volunteers, were incorporated in this study.

Suaq Balimbing

Pongo abelii N 2

Figure 7: Map showing the distribution of the Sumatran orangutans (Pongo abelii). The research
area, Suaq Balimbing, is indicated with a black circle. Figure adapted from Dalet, 2007, retrieved
from www.d-maps.com.
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Data collection

Study subjects and collected data

Focal animal follows were performed on well-known and habituated immature orangutans and their
mothers. Behavioral data were collected of different immatures at different stages in their life. In
addition, simultaneous behavioral data of the immatures’ mothers was collected too. Based on the
collected behavioral data, 27 age-individual immature data points were created. | differentiated
between two classes of immatures: infants and juveniles. On the one hand, infants are defined as
immatures who are still dependent and in permanent association with their mother (0- 9 years of age)
(van Noordwijk et al., 2009). On the other hand, juveniles are defined as immatures who are weaned
but no longer in permanent association with their mother (>9 years of age) (van Noordwijk et al., 2009).
The 27 age-individual data points included 19 age-individual infant data points and 8 age-individual
juvenile data points. To be able to create an age-individual data point, following requirements needed
to be fulfilled. At least five nest-to-nest follows and a minimum of 60 follow hours had to be collected.
In addition, all follow days had to be collected in a period of approximately three months.

Data collected between November 2016 and April 2017
From November 2016 until April 2017, we (Caroline Schuppli and 1) collected data on four different

infants, ranging from 27 to 78 months of age. In total 602 focal-follow hours in 58 follow days were
collected on infants. Total follow days consisted of 8 found-to-nest, 45 nest-to-nest and 5 nest-to-lost
follows, ranging from 1h06 minutes to 12h50. Due to the Neesia season during December 2016 and
January 2017, most of the orangutans left the research area to feed on Neesia fruits in the hills outside
the study area. Thus, a limited amount of observational data was collected in this period. The minimum
requirement of five nest-to-nest follows per individual, with a minimum of 60 focal follow and collected
within three months, was achieved for seven age-individual data points. These seven age-individual
data points were made of four different infants. Details on the focal infants are summarized in the
table below (Table 1, Figure 8). Simultaneously, behavioral data was collected of the infants’ mothers.

Table 1: All infants followed in Suag Balimbing, during the period of 10 November 2016 -3 April 2017
including information on age, sex, relationships and the total follow hours and nest-to-nest follows.

Figure 8: The four observed infants in Suaq Bal/mb/ng dur/ng the period from November

2016 - April 2017: Lois, Cinnamon, Frankie and Eden (from top left to bottom right).

Focal Total data | Estimated Sex Mother | Haplotype Total follow | Total N-N
points birthdate hours (h:m) | follows
Lois 2 01/08/2010 | M Lisa 1 179:16 14
Cinnamon | 2 01/04/2012 F Cissy 1 212:37 15
Frankie 1 01/08/2012 M Friska 2 74:58 5
Eden 2 01/11/2014 F Ellie 2 136:07 11
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Long-term data

Infant data
In addition, behavioral data of infants was used from the extensive long-term database of Suaq
Balimbing. From November 2010 until April 2014, different reliable observers collected data on 7
different infants, ranging from 6 to 108 months of age. In total 717 focal follow hours in 72 follow days
were collected of the different infants. Total follow days consisted of 15 found-to-nest, 49 nest-to-nest
and 8 nest-to-lost follows, ranging from 1h05min to 12h54min. In total, the long-term data was the
foundation for 12 extra age-individual infant data points. Details on the focal infants are summarized
in the table below (Table 2, Figure 9). Simultaneously, behavioral data was collected of the infants’
mothers.

Table 2: All infants followed in Suaq Balimbing, during the period of November 2010 - April 2014

including information on age, sex, relationships, the total follow hours and nest-to-nest follows.

Focal Total data | Estimated Sex Mother | Haplotype Total selected Total N-N
points birthdate follow hours (h:m) | follows

Chindy 1 01/01/2003 | F Cissy 1 81:10 5

Fredy 3 01/12/2004 | M Friska 2 150:58 9

Lois 3 01/08/2010 | M Lisa 1 214:34 16
Cinnamon |1 01/04/2012 F Cissy 1 87:10 8

Frankie 2 01/08/2012 | M Friska 2 100:03 7

Simba 1 01/04/2013 | M Sarabi 1 47:17 4
Rendang 1 18/07/2013 | M Raffi 2 35:46 2

ch 2014 Reéndang

Figure 9: The seven observed infants in Suaq Balimbing during the period from November 2010 -
April 2014: Chindy, Fredy, Lois, Cinnamon, Frankie, Simba and Rendang (from top left to bottom

right).
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Juvenile data

Besides, behavioral data of juveniles was also used from the extensive long-term database of Suaq
Balimbing. From November 2010 until April 2014, different reliable observers collected data on four
different juveniles, ranging from 120 to 157 months of age. In total 467 focal follow hours in 55 follow
days were collected of the different infants. Total follow days consisted of 18 found-to-nest, 32 nest-
to-nest and 5 nest-to-lost follows, ranging from 1h05min to 12h54min. In total, the long-term data was
the foundation for 8 extra age-individual juvenile data points. Details on the focal juveniles are
summarized in the table below (Table 3, Figure 10). Simultaneously, behavioral data was collected of
the infants’ mothers.

Table 3: All juveniles followed in Suaqg Balimbing, during the period of November 2010 - April 2014
including information on age, sex, relationships, the total follow hours and nest-to-nest follows.

Focal Total data | Estimated Sex Mother | Haplotype Total selected Total N-N
points birthdate follow hours (h:m) | follows

Tina 1 01/01/1998 | F Raffi 2 63:54 5

Shera 2 01/06/1998 | F Chick 2 100:37 7

Ellie 2 01/05/1999 | F Friska 2 131:01 8

Lilly 3 01/03/2001 | F Lisa 1 171:46 12

" . Rustayx;)ﬁdélri,".’QOIfélﬁﬁ/:‘ > CS Jupe ZOI3>LiHY »
Figure 10: The four observed juveniles in Suaq Balimbing during the period from November 2010 -
April 2014: Tina, Shera, Ellie and Lilly (from left to right).
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Protocol

Daily focal sampling was performed by following a mother-infant pair or a juvenile from the morning
until the evening nest. Behavioral data was collected of infants, juveniles and infants’ mothers. For
the infants and juveniles, the exploratory tendency protocol was followed. For the infants’ mothers,
the standard protocol of collecting behavior was used.

For the immatures (infants and juveniles): exploratory tendency protocol

All occurrence sampling of the performing of any kind of object manipulation behavior (try-feeding
and exploration) by an immature was conducted. Try-feeding is defined as a feeding attempt on a food
item or other object whereby the item is taken into the mouth but not properly ingested (Power, 2000).
Exploration is defined as the usually destructive manipulation of objects without an apparent feeding
attempt (Power, 2000). These events were described in detail including context, exact description of
the type of manipulation, the manipulated object used and the activity of an immature’s mother. Based
on this data, an immature’s exploratory tendency could be measured. The exploratory tendency, or
exploration rate of a focal, was measured based on the number of try-feeding and exploring events a
focal performed during a follow day divided by the active period of a focal of the follow day (Formula
1). The exploratory tendency is a field-based behavior measurement technique to determine the
cognitive performance of immature Sumatran orangutans and was repetitively used by other
researchers (Schuppli & van Schaik, 2012; Schuppli, Meulman et al., 2016).

Formula 1:

Exploration rate of a focal (events/hour)
_ Number of try — feeding and exploring events performed

Active period of a focal

An average exploration rate was calculated for both the age-individual infant’s and juvenile’s data
points (N=27).

For the infants’ mothers: general protocol

Behavioral data of the infants’ mothers was collected following the standard protocol of the orangutan
network for orangutan data collection (van Schaik, 1999; http://www.aim.uzh.ch
/research/orangutannetwork/sfm.html), using the focal animal sampling method including
instantaneous scan sampling at two minutes’ intervals (Altmann, 1974). At every two-minute interval,
the activity of the mother was recorded, including a description of what the mother was feeding or
about the performing of any other social activity. Further, ad libitum focal sampling was conducted
wherefore all social and interesting behaviors (e.g. exploring) were noted separately for the mother.
In addition, detailed information about the formation of associations was collected.
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Data analyses
Characteristics of the mother

Sociability of the mother
Immediate sociability
The sociability of a focal's mother was measured based on the time a focal’s mother spent in

association with conspecifics (van Schaik et al., 1999). An individual was defined to be in association
when another individual was at less than 50 metres (van Schaik, 1999; van Noordwijk & van Schaik,
2005). This border of 50 metres reflects the approximate maximum distance individuals can travel in a
coordinated fashion (van Schaik, 1999). The focal, as well as all other dependent infants who were in
association with a focal’s mother, were not included as association partners when calculating the
sociability of a focal’s mother. In addition, siblings who were still considered to be in association with
the mother-infant pair for over 50% of their time, were also not taken into account as an association
partner when calculating the sociability of a focal’s mother. This would lead to an overestimation of a
focal’s mother’s sociability.

Thus, the sociability of a focal’s mother was determined based on the proportion of time a focal’s
mother spent in association with conspecifics (van Schaik et al., 1999, 2006). The proportion of time a
focal’s mother spent in association with conspecifics, reflected the time a focal’s mother spends in
association during a follow day with at least one association partner divided by the active period of a
focal’s mother of the follow day (Formula 2). The active period of a focal’s mother was calculated as
the time between a focal’s mother leaving her morning nest until the time the focal entered the focal’s
mother’s night nest. The start and end time an association partner was in and out of association with
a focal’s mother, was noted down for each association partner. If there were two or more association
partners simultaneously in association with a focal’s mother, only the association time of one of the
association partners was taken into account.

Formula 2:

Sociability of a focal’s mother (proportion of time spent in association)
Time in association with one or more association partners

Active period of a focal's mother

An average sociability of a focal’s mother was calculated for each age-individual infant data point (N=
19).

Long-term sociability: sociability of the mother during infancy period of the juvenile

The sociability of a juvenile’s mother, during the time a juvenile was still dependent on its mother, was
determined based on the mean party size of a juvenile’s mother (Setia et al., 2009). A juvenile’s
mother’s party size reflected the number of conspecifics a juvenile’s mother associated with during a
follow day, including the mother herself. In other words, a solitary individual would have a party size
of one (Setia et al., 2009). The party size of a juvenile’s mother was calculated for each follow day
during the time a juvenile was still in permanent association with its mother. Next, a mean party size
over all these follow days was calculated for each age-individual juvenile data point, except for the
juvenile Shera since no behavioral data was collected of Chick (Shera’s mother) when Shera was still in
close association with her mother (N= 6).
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Sociability of the juvenile

The sociability of the juveniles was determined in the same way as the immediate sociability of a focal's
mother was calculated, namely based on the proportion of time a juvenile spent in association with
conspecifics (van Schaik et al., 1999, 2006). An average sociability of a juvenile was calculated for each
age-individual juvenile data point (N= 8).

Restrictiveness of the mother
The restrictiveness of a focal’s mother was measured based on the number of times a focal was

collected by a focal’s mother. Therefore, all occurrence data of the collection of a focal by a focal’s
mother were collected. With the collection of the restrictive behaviors performed by a focal’s mother,
a rate of restrictive behavior of a focal’s mother could be calculated. The rate of restrictive behavior of
a focal’s mother reflected the number of times a focal’s mother collected a focal during a follow day
dived by the active period a focal’s mother on that follow day (Formula 3).

Formula 3:

Rate of restrictive behavior of a focal's mother (collecting events/hour)
_ The number of times a focal was collected by the focal’s mother

Active period of a focal's mother

However, only for a limited number of follow days, reliable data was collected about a focal’s mother
restrictiveness. Since only for a small number of follow days the restrictiveness of a focal’s mother was
calculated, no reliable restrictiveness measure could be calculated per age-individual data point. Only
an overall restrictiveness measure for four of the seven focals’ mothers was calculated. Therefore, the
restrictiveness of a focal’s mother was known for only 12 age-individual infant data points (N= 12).

Activity of the mother

The activity of a focal’s mother was calculated in two different ways. First, the average daily activity
budget of a focal’s mother, independent of the activity of the focal, was calculated. Second, it was
determined if the activity of a focal’s mother, on a specific moment, influenced whether or not a focal
performed any kind of object manipulation behavior. For both calculations, the activities of the focals’
mothers were divided into three different categories, namely (1) a negative category, which included
traveling, (2) a neutral category, which included resting and (3) a positive category, which included
feeding, nesting, and exploring.

First, an average daily activity budget of a focal’s mother was calculated for each age-individual infant
data point. Due to the simultaneous collection of 2-minute activity data of the focals’ mothers, by
additional (reliable) observers, the daily percentage of time a focal’s mother spent on performing
activities belonging to either the negative, neutral or positive category could be calculated. However,
due to a shortage of observers, for some follow days, no simultaneous (reliable) activity data was
collected of a focal’s mother. Observers who were considered to have collected reliable activity data
of a focal’s mother were the following fellow students and research assistants at the Suaq Balimbing
research station: Anais, Armas, Caroline, Chigusa, Fikar, 1zumi, Jacob, Julia, Kevin, Mudin, Saidi, Sofia,
Subhan, Syahrul and Toni. Hereby, the daily activity budget of the focals’ mothers were calculated for
100 follow days and an average daily activity budget of a focal’s mother was calculated for each age-
individual infant data point (N= 19).

Second, since the activity of a focal’s mother was expected to influence the exploratory tendency of a
focal, it was calculated if the activity of a focal’s mother, on a specific moment, influenced whether or
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not a focal performed any kind of object manipulation behavior. While taking all occurrence data of
any kind of object manipulation behavior performed by a focal, the activity of a focal’s mother, if
possible, was noted down. If a focal’s mother activity was unknown while a focal was performing any
kind of object manipulation behavior, this data was taken out of the data analysis. Hereby, for each
age-individual infant data point, the proportion of time a focal’s mother spent on either performing
positively-, negatively- or neutrally-influencing activities, while the focal was performing any kind of
object manipulation behavior, was calculated (N= 19).

Exploratory tendency of the mother
In the same way as explorative behavior of the focals was collected, it was collected for the focals’

mothers. While performing behavioral observation of a focal, in addition, special focus was laid on the
collection of all occurrence data of a focal’s mother explorative behavior. The explorative behaviors
performed by a focal’s mother were described in detail, including context and exact description of the
type of manipulation and manipulated object. With the collection of the explorative behaviors
performed by a focal’s mother, a rate of explorative behavior of a focal’s mother could be calculated.
In general, the rate of explorative behavior of a focal’s mother reflected the number of explorative
behaviors a focal’s mother performed during a follow day divided by the active period of a focal’s
mother on that follow day (Formula 4).

Formula 4:

Rate of explorative behavior of a focal’s mother (exploring events/hour)
_ Total number of explorative behaviors performed by a focal’s mother

Active period of a focal's mother

Since only for a small number of follow days the rate of explorative behavior of a focal’s mother was
calculated, no reliable explorative behavior measure could be calculated per age-individual data point.
Only an overall explorative behavior measure for six of the seven focals’” mothers was calculated.
Therefore, the explorative behavior rate of a focal’s mother was known for only 15 age-individual
infant data points (N=15).

External and internal factors
Food availability: fruit availability index (FAI)
For every month, a fruit availability index (FAI) was calculated based on phenology monitoring of

approximately 1500 trees in a two-ha phenology plot. One of the aspects of tree phenology monitoring
was determining the presence of fruits in trees (Appendix A: Tree phenology monitoring protocol).
Concrete, for each tree surveyed, it was noted down whether the tree had fruits or not. Based on this
data, fruit availability indexes (FAIs) were calculated by the total number of trees that had fruits divided
by the total number of trees surveyed (Formula 5). The higher the FAIl, the more trees that carried
fruits. When calculating FAls, only the availability and not the abundance of fruits are taken into
account. In our data set, the FAls varied from 5.4 until 14.8. FAIs were calculated for almost every
moth, except for December 2010 and January 2011. For these two months, an average FAl was
calculated based on the FAls of the previous and following month. Concrete, the average FAIl for
December 2010 and January 2011 was calculated based on the FAI of November 2010 and February
2011. If observations, belonging to the same age-individual data point, were spread over two or more
months, an average of the different FAls of these months were calculated. An average FAIl was
calculated for both the age-individual infant’s and juvenile’s data points (N= 27).
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Formula 5:

Fruit Availability Index (FAI)

Total number of trees with fruits
= x 100

~ Total number of trees surveyed

Family size and composition: number of female related individuals
During previous years, different researchers collected faecal samples as many as possible orangutans

habituated in Suaq Balimbing. With these faces samples, DNA analyses could be performed and three
clear family clusters aroused. Some of the orangutans, from whom faecal samples were collected,
could be placed in one of these family trees (Appendix B: Family trees of the orangutans of Suaq
Balimbing). Almost all focals and the focals’ mothers were assigned to one of the three family tress.
Only one focal and the focal’s mother, focal Simba and the focal’s mother Sarabi, the relation with the
other orangutans in the area is still unclear.

When determining the family size and composition of the focals’ mothers, the number of female
relatives a focal’s mother had, was calculated. The focal itself, as well as all dependent infants of female
related individuals, were not taken into account. Based on the same argumentation as for the exclusion
of these individuals when determining the sociability of a focal’s mother. Further, if evidence for the
death of female relatives was found, these were also not taken into account. As mentioned before, for
one of the mother-infant pairs (Sarabi and Simba), no genetic data was available. Therefore, the family
size and composition could only be calculated for six of the seven focals’ mothers. However, to prevent
a loss of data, an average of the number of female related individuals a focal’s mother has, was
calculated for Sarabi, the mother of Simba, by taking an average of the number of female related
individuals the other focals’ mother had. Hereby, the number of female related individuals a focal's
mother had, whether or not based on an estimation, was calculated for all age-individual infants data
points (N= 19).

Sociodemographic factors: age/sex of the focal and maternal age of the focal’s mother

Different sociodemographic factors may influence, directly or indirectly, a focal’s exploratory
tendency. Therefore, the three sociodemographic factors need to be defined: age of a focal, sex of a
focal and maternal age of a focal’s mother.

First, the age of each focal was determined. Since the exact date of birth is unknown for (most of) the
focals, a fixed date of birth had to be determined by observers. The first time observers encountered
an orangutan, who was never seen before, a fixed date of birth was determined based on the absolute
and relative size of the orangutan. Since only the month and not the day of birth could be estimated,
the birthdate of each focal is set on the first day of the month which the focal is expected to be born
in. When determining the age of the focals for each age-individual data point, an average age is
calculated over the data collection period of an age-individual data point. Thus, for each age-individual
data point there is a fixed age of the focal.

Second, a focal’s sex was either categorized as male or female.

Third, the maternal age of each focal’s mother was determined. However, the date of birth of the
focals’ mothers, and hereby the exact maternal age of the focals” mothers, was mostly unknown since
orangutan studies in Suaq Balimbing only started in 1992. Most focals’ mothers were born before this
time. Therefore, the maternal age of the focals’ mothers was estimated based on the number of infants
each focal mother gave already birth to. The focals’ mothers were split into different age-classes,
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according to how many infants a focal’s mother already gave birth to before the birth of the focal itself.
Infants who died in the first two years of their life were not taken into account in the calculation of the
number of infant a focal’s mother already gave birth to. Then, focals’ mothers were split into three
age-classes. If the focal was the first or second infant a focal’s mother gave birth to, a focal’s mother
was categorized as age-class 1. If a focal’s mother was categorized as age-class 2, a focal’s mother gave
already birth at 2 to 3 number of infants before the birth of the focal itself. Last, if a focal’s mother
gave already birth to 4 or more infants before the birth of the focal itself, she was categorized as age-
class 3. A less detailed method of categorizing a focal’s mother according to her maternal age, was by
splitting the focals’ mothers only into two different age-classes. All focals” mothers known to give birth
to maximal three infants were defined as “young”, while all other focals’ mothers were defined as
“old”. Since only one of the focals’ mothers could be assigned to age-class 3 (Friska), and therefore no
reliable results would be obtained with only one focal mother belonging to age-class 3, it was decided
to use the less detailed categorizing method, i.e. with “young” and “old” focals’ mothers.

For all 27 age-individual data points, both age-individual infant and juvenile data points, reliable
information was present for all of the sociodemographic factors (N= 27). However, the effect of the
maternal age of a focal's mother on the sociability of a focal’s mother was only calculated for the
infant’s data points (N=19).

Maternal dominance rank of the focal’s mother

The dominance rank of the focals’ mothers was determined by collecting all occurrence behavioral
observations of adult females displacing other adult females over the last ten years. Although it is
written in the literature that no dominance ranks are existent in orangutans, as seen in other apes
(Galdikas, 1995; van Schaik & van Hooff, 1996), over the last years certain adult females had been
observed to display or being displaced repetitively by other adult females (Sugardjito, te Boekhorst &
van Hooff., 1987; Utami et al., 1997). Based on this anecdotal data, a dominance rank to the adult
females could be assigned. Initially, the focals” mothers were divided into three different categories,
based on their dominance rank. The focals’ mothers with a high dominance rank belonged to category
1, the focals” mothers with an intermediate dominance rank belonged to category 2 and the focals’
mothers with a low dominance rank belonged to category 3. Concrete, all focals’” mothers placed in
category 1, displaced, at least once, all focals’ mothers placed in category 2. Further, all focals’ mothers
defined as category 2, displaced, at least once, all focals’ mothers placed in category 3. However, only
one of the focals’ mothers could be assigned to the highest dominance rank (Friska). Since no reliable
results would be obtained with only one individual assigned to the highest dominance rank, it was
decided to divide the focals® mothers only in two instead of three different categories, a lower and a
higher dominance group. Similar, as if there would be three dominance categories, all focals’ mothers
belonging to category 1, displaced at least ones, all focals’ mothers belonging to category 2. Six of the
seven focals’ mothers could be assigned to one of the dominance categories. The relation between the
dominance rank of a focal's mother and the sociability of a focal’s mother was only calculated for all
age-individual infant’s data points (N= 19).

Presence of an older sibling

Most of the focals have (an) older sibling(s), and the presence of an older sibling is expected to
influence a focal’s exploratory tendency. Usually, if a mother gives birth to a newly born infant, her
older infant still stays in close association for up to two years (Edwards & Snowdon, 1980; van
Noordwijk et al., 2012). For each follow day, it was determined whether an older sibling was still in
close association with a mother-infant pair. The older sibling was defined to be in close association
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with the mother-infant pair when he/she was in association for the entire follow day with the mother-
infant pair. If the older sibling was in close association with the mother-infant pair in more than 50%
of the follow days, belonging to the same age-individual data point, the older sibling was considered
to be in close association with a mother-infant pair. If in less than 50% of the follow days, the older
sibling was considered to be not in close association with a mother-infant pair. Whether an older sibling
was in close association with a mother-infant was only calculated for all age-individual infant’s data
points (N=19).

Percentage association partners related with the infant
Besides the number of association partners a focal associated with and the time a focal was in

association with each association partner, also the identity and relatedness of the association partners
with a focal was determined. Hereby, the percentage of association partners who were related and
unrelated with a focal could be calculated for each follow day (Formula 6). Similar as for the calculation
of the sociability of a focal’s mother, dependent infants of mother-infant pairs, who associated with a
focal, were not included as association partners and neither their relatedness was taken into account.
Again, the same argumentation for the exclusion of these individuals is valid as for calculating the
sociability of a focal’s mother.

Formula 6:

Percentage of related association partners (%)

Total number of association partners related 100
= *

Total number of association partners

An average percentage of association partners who were related was calculated for (almost) each age-
individual infant data point (N= 16). Due to a lack of reliable data on the identity of the association
partners for two age-individual infant data points, no percentage of related association partners could
be calculated for these two age-individual infant data points.
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Statistics
Residuals of exploration rates
When the immatures’ exploration rates were plotted versus the age of the immatures, it became

apparent that the relationship between the two variables is non-linear. Therefore, | used a fitted
smoothing function to model the non-linear relationship (using the “smooth spline” function of the
“stats” package in R). Based on the fitted smoothing function of exploration rates versus the age of the
immatures (Figure 11), | calculated the residuals of the immatures’ exploration rates. These residuals
represent the immatures’ exploration rates corrected for age and were used as the new exploratory
tendency measure for the immatures in this study.

Residuals of exploratory tendency

Exploration rate (events/hour)

0
1

Age of the immature (in years)

Figure 11: Exploration rates of the immatures
(events/hour) plotted versus the age of the immatures
with a fitted smoothing function.

Statistical models
All further analyses and plots were done using SPSS.

Multiple linear regression analyses

Since data were collected of the same individuals multiple times, at different stages in their
development, the different individual data points were not all independent of each other. Therefore,
| used linear mixed models (LMMs), including the individual identity as a random factor. However, in
none of the analyses the LMMs were significantly different from the multiple linear regression models
(MLRMs), when tested with likelihood ratio tests. Therefore, only the results of the MLRMs are
presented here. To be able to perform MLRMs, following assumptions needed to be fulfilled: (1) a
linear relationship between the dependent and each independent variable had to be existing, (2)
homoscedasticity of the data, (3) multicollinearity of the data and (4) the residuals had to be
(approximately) normally distributed. All of these assumptions were fulfilled and MLRMs could be
performed.
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Sociability of the mother
(proportion of time spent in association)

Results

Factors influencing the sociability of an infant's mother
To assess which factors influenced the sociability of an infant’s mother, a MLRM was performed. First,

a significant positive effect of the age of an infant on the sociability of an infant’s mother was found

(p=0.020). This shows that the older an infant becomes, the higher the sociability of an infant’s mother

(Figure 12). Second, the sex of an infant also had a significant effect on the sociability of an infant’s

mother (p=0.009). Mothers with female infants are significantly more sociable than a mother with a

male infant (Figure 13). For the other factors which were expected to influence an infant’s mother’s

sociability (maternal age, maternal dominance rank, family, food availability and presence of an older

sibling), no significant relationships were found (Table 4).

Effect of an infant's age on the sociability of the mother

&

Effect of an infant's sex on the sociability of the mother

T Kk

Sociability of the mother
(proportion of time spent in association)

+
€L
27
o @ 2 o HE
0 oC .
a i & . 0 malle ferr:ale
Age of the infant (in years) Sex of the infant
Figure 12: The sociability of the infants' mothers Figure 13: : The sociability of the infants’
(based on the proportion of time an infant’s mothers (based on the proportion of time an
mother spent in association with conspecifics) infant’s mother spent in association W’ﬂ"k
plotted versus the age of the infants (in years). conspecifics) for male and female infants.

indicates a statistical significant result.

Table 4: Multiple linear regression model with the mother’s sociability as dependent variable and (1) characteristics of an
infant’s mother (maternal age, maternal dominance rank and family), (2) characteristics of an infant itself (age and sex of an
infant) and (3) external factors (food availability and presence of an older sibling), as predictor variables. Trends are indicated
with * (p<0.1). The statistical significant results are indicated with ** (p<0.05). N refers to the number of age-individual infant

data points.

Dependent variable Predictor variables

Sociability of the infant's Maternal age

mother

Estimates Std.error P-value

Maternal dominance rank  0.46 0.27 0.119
Family: number of female 0.097 0.11 0.46
related conspecifics

Age of the infant 0.075 0.027 0.020**
Sex of the infant 0.35 0.11 0.009**
Food availability 0.037 0.030 0.247
Presence of an older sibling 0.14 0.143 0.337
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Age of the infant

As mentioned before, a significant positive effect of the age of an infant on the sociability of an infant’s
mother was found. In other words, the sociability of an infant’s mother increases with increasing
infant’s age. Besides an increasing sociability of an infant’s mother with increasing independence of an
infant, a more specific prediction had been made about the effect of an infant’s age on the sociability
of an infant’s mother. | predicted mothers with very young (0-2 years of age) or older (>4 years of age
to have a higher sociability than mothers with mid-aged (2-4 years of age) infants. A positive trend for
the effect of an infant’s age-class on the sociability of an infant’s mothers was found (Kruskal-Wallis,
x3(2) = 4,79, p = 0.091; Figure 14). In a second step, the different age-classes were compared two by
two to detect the differences between the age-classes. When the effect of very young infants was
compared with the effect of mid-aged infants on the sociability of the infants’ mothers, a positive trend
was found that infants’ mothers with mid-aged infants were more sociable than infants’ mothers with
very young infants (Mann-Whitney U = 4.00, p=0.087). A similar positive trend was found when the
effect of very young infants was compared with the effect of older infants on the sociability of the
infants’ mothers (Mann-Whitney U = 11, p=0.059). Mothers with older infants tend to be more sociable
than mothers with very young infants. When the effect of mid-aged infants were compared with the
effect of older infants on the sociability of the infants’ mothers, no significant difference between the
two age-classes was found (Mann-Whitney U = 13, p=0.440). Thus, mothers with mid-aged infants or
older infants do not significantly differ in their sociability (Figure 14).

Sociability of the mother
(proportion of time spent in association)

0-2 24 >4
Age of the infant (in years)

Figure 14: The sociability of the infants” mothers
(proportion of time spent in association) for the
different infant age-classes (0-2 years, 2-4 years,
<4 years). * indicates a statistical trend.
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Family

Percentage related of the association partners

As mentioned before, no significant effect of an infant’s mother's family size and composition on the
sociability of an infant’s mother was found. Thus, the number of female related conspecifics an infant’s
mother has, does not influence the sociability of an infant’s mother. Therefore, it was investigated
whether there is a preference to associate with related conspecifics (Figure 15). Based on the average
of the 16 age-individual infant data points, no preference to associate with related individuals was
found. Instead, on average, only 17% of the association partners were related relative to 83% of the
association partners who were unrelated with an infant, or an infant’s mother.

Relatedness of association partners
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Figure 15: Percentage of associations with related and unrelated association
partners of the infants' mothers, shown for the age-individual data points
(N=16).
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Effect of the sociability of an infant's mother on the exploratory tendency of an

Residual exploration rate (corrected for age)

Factors influencing an immature’s exploratory tendency

Infants

To assess which factors influence the exploratory tendency of infants, a MLRM was performed
including the factors (1) sociability of a mother, (2) activity of a mother, (3) sex of an infant, (4) food
availability and (5) presence of an older sibling (Table 5). For all tested factors, except for the sex of an
infant and the food availability, a significant effect on the exploratory tendency of the infants was
found. First, a significant positive effect was found of the sociability of an infant’s mother on the
exploratory tendency of an infant (p= 0.005, Figure 16). Thus, infants of more sociable mothers have a
higher exploratory tendency than infants of less sociable mothers. Second, a significant negative effect
was found of the time an infant’s mother spent on our previously defined positively-influencing
activities (including feeding, nesting and exploring) on the exploratory tendency of an infant (p= 0.003,
Figure 18a). Thus, the more time an infant’s mother spent on these activities, the lower the exploratory
tendency of an infant. Third, a significant positive effect was found of the presence of an older sibling
on the exploratory tendency of an infant (p= 0.001, Figure 17). Thus, infants who are in close
association with both their mother and an older sibling, have a higher exploratory tendency than
infants who grow up without an older sibling nearby. Neither for the sex of an infant and the food
availability, a significant effect on an infant’s exploratory tendency was found. Thus, the level of food
availability does not have an effect on an infant’s exploratory tendency. Also, female and male infants
do not differ in their exploratory tendency.

Table 5: Multiple linear regression model with an residual exploratory tendency as dependent variable and (1) characteristics
of an infant’s mother (sociability and activity of a mother), (2) characteristics of an infant itself (sex of an infant) and (3)
external factors (food availability and presence of an older sibling), as predictor variables. Trends are indicated with * (p<0.1).
The statistical significant results are indicated with ** (p<0.05). N refers to the number of age-individual infant data points.

Dependent Predictor variables Estimates Std.error
variable

Residual . Sociability of the mother 3.25 0.96
exploratory Activity of the mother -13.54 3.71
tendency of the Sex of the infant -0.032 0.55
infants Food availability 0.20 0.14

Presence of an older sibling 2.43 0.49

P-value

0.005**
0.003**
0.995
0.159
0.001**

Effect of the presence of a sibling on the exploratory tendency of an infant

infant
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Figure 16: Residual exploration rate of the infants
(corrected for age) plotted versus the sociability of
the infants’ mothers (based on the proportion of
time an infant's mother spent in association with
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Figure 17: Residual exploration rates (corrected
for age) for infants with and without an older
sibling present. ** indicates a statistical significant



There are still three other factors which | expected have an influence on infant’s exploratory tendency:
(1) the restrictiveness of an infant’s mother, (2) the explorative behavior of an infant’s mother and (3)
the percentage of association partners related with an infant. These factors were not included in the
MLRM since | did not have these data available for all my age-individual data points. To avoid an overall
loss of sample size by including these factors in the overall MLRM, | performed a separate analysis with
these factors. To avoid models with too many predictors in relation to sample size, | included the
factors individually in separate models. When investigating the effect of the restrictiveness of an
infant’s mother on the exploratory tendency of an infant, no significant effect was found (Table 6).
Similarly, no significant effects were found of (1) the exploratory tendency of an infant’s mother and
(2) the percentage of association partners related with an infant on the exploratory tendency of an
infant (Table 7/8). For the other factors, of which the effects on the exploratory tendency of infants
were already tested in the overall MLRM (sociability of a mother, activity of a mother, sex of an infant,
food availability and presence of an older sibling, see above), very similar relationships were found in
all of these additional analyses.

In the MLRM where the restrictiveness of an infant’s mother was included, the effect of the sociability
of an infant’s mother on the exploratory tendency of an infant was not significant anymore but a trend
remained (p= 0.070, Table 6). This could very well be due to the limited sample size of this analysis,
especially in relation to the number of predictors included. Interestingly, in two of the MLRMs, a
positive trend for food availability on the exploratory tendency of infants was found (p= 0.070, Table
5; p= 0.071, Table 7). In other words, a trend was fund that with increasing food availability, infants’
exploratory tendencies increase, just as | predicted initially. To be able to further assess the effect of
food availability, more and possibly more fine-grained data of monthly exploration rates are needed.
However, to investigate this potential effect of food availability with the available data, the number of
predictors was reduced by excluding the clearly non-significant factors (restrictiveness of the mother
and sex of the infant). In this reduced model, the sociability of the mother was highly significant again
(p= 0.002, Table 6). Also, the other previously found significant factors (activity of the mother and
presence of an older sibling) maintained their significance level, suggesting that the data are very
robust. However, for food availability, for which a positive trend was found in the previous MLRMs
(Table 6/7), became non-significant (Table 9). Overall, the available data suggest that an infant’s
exploratory tendency is not influenced by changes in food availability.

Table 6: Multiple linear regression model with residual exploratory tendency as dependent variable and (1) characteristics of
an infant’s mother (restrictiveness, sociability and activity of a mother), (2) characteristics of an infant itself (sex of an infant)
and (3) external factors (food availability and presence of an older sibling), as predictor variables. Trends are indicated with *
(p<0.1). The statistical significant results are indicated with ** (p<0.05). N refers to the number of age-individual infant data
points.

Dependent Predictor variables Estimates Std.error

variable

Residual . Restrictiveness of the mother 0.168
exploratory Sociability of the mother 2.68 1.17 0.070*
tendency of the Activity of the mother -15.60 4.27 0.015**
infants Sex of the infant -1.77 1.42 0.226
Food availability 0.65 0.23 0.070*
Presence of an older sibling 2.31 0.52 0.007**
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Table 7: Multiple linear regression model with residual exploratory tendency as dependent variable and (1) characteristics of
an infant's mother (explorative behavior, sociability and activity of a mother), (2) characteristics of an infant itself (sex of an
infant) and (3) external factors (food availability and presence of an older sibling), as predictor variables. Trends are indicated
with * (p<0.1).The statistical significant results are indicated with ** (p<0.05). N refers to the number of age-individual infant
data points.

P-value

Std.error

Estimates

Dependent Predictor variables
variable

0.981

Residual 15

0.86 Explorative behavior of the

exploratory mother

tendency of the Sociability of the mother 3.25 0.96 0.006**

infants Activity of the mother -13.54 3.71 0.004**
Sex of the infant -0.032 0.55 0.963
Food availability 0.20 0.14 0.071*
Presence of an older sibling 2.43 0.49 0.003**

Table 8: Multiple linear regression model with residual exploratory tendency as dependent variable and (1) characteristics of

an infant’s mother (sociability and activity of a mother), (2) characteristics of an infant itself (sex of an infant) and (3) external
factors (food availability, presence of an older sibling and percentage of association partners related with an infant), as
predictor variables. Trends are indicated with * (p<0.1). The statistical significant results are indicated with ** (p<0.05). N
refers to the number of age-individual infant data points.

P-value

Estimates Std.error

Dependent Predictor variables
variable
Residual . Sociability of the mother

0.032**

exploratory Activity of the mother -16.68 3.67 0.001**
tendency of the Sex of the infant 0.066 0.51 0.90
infants Food availability 0.21 0.14 0.18
Presence of an older sibling 3.20 0.62 0.001**
Percentage of association -0.20 1.38 0.89
partners related with the
infant

Table 9: Multiple linear regression model with residual exploratory tendency as dependent variable and (1) characteristics of
an infant's mother (sociability and activity of the mother), (2) external factors (food availability and presence of an older
sibling), as predictor variables. Trends are indicated with * (p<0.1). The statistical significant results are indicated with **
(p<0.05). N refers to the number of age-individual infant data points.

Dependent Predictor variables Estimates Std.error P-value
variable

G E] 19 0.78 Sociability of the mother 0.002**
exploratory Activity of the mother -13.63 3.23 0.001**
tendency of the Food availability 0.20 0.12 0.118
infants Presence of an older sibling  2.42 0.47 0.001**
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Activity of the mother

Positively-, negatively- and neutrally-influencing activities

Average daily activity budgets for the infant’s mothers were calculated for each age-individual data
point. Concrete, the proportions of time the mothers spent on activities which were expected to
positively (feeding, nesting and exploring), negatively (traveling) and neutrally (resting) influence her
offspring’s exploratory tendency, were calculated for each age-individual infant data point.

| was especially interested in the effects of “positively- and negatively-influencing activities”
(previously defined) of the mothers on the exploratory tendencies of the infants. Since the “positively-
and negatively-influencing activities” of an infant’s mother are significantly negatively correlated with
each other (Pearson correlation, r=-0.74, n= 19, p<0.001), only one of the two measures could be
included in the overall MLRM. It was decided to include the “positively-influencing activities” of an
infant’s mother to assess the overall effect the activity of an infant’s mother has on the exploratory
tendency of an infant.

As mentioned before, a significant negative effect was found of the proportion of time an infant’s
mother engaged in “positively-influencing activities” on an infant’s exploratory tendency (Figure 18a).
In other words, the more time an infant’s mother spent on feeding, nesting and exploring, the lower
the exploratory tendency of an infant. As predicted due to the significant negative correlation between
“positively- and negatively-influencing activities” of an infant’s mother, the opposite effect of the
proportion of time an infant’'s mother performed “negatively-influencing activities” on infants
exploratory tendencies was found (Figure 18b): The more time an infant’s mother spent on traveling,
the higher the exploratory tendency of an infant.

In addition, | performed a visual inspection of the graphical relationship of the effect of the “neutrally-
influencing activities” of the mother on infants’ exploratory tendencies. Visual inspection suggests that
there is no effect of “neutrally-influencing activities” of an infant’s mother on infants’ exploratory
tendencies (Figure 18c).

Effect of positively-influencing activities of an infant’s mother on the exploratory tendency of an infant
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Figure 18a: Residual exploration rate of the
infants (corrected for age) plotted versus the
proportion of time a mother engaged in
“positively-influencing  activities”  (feeding,
nesting and exploring).
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Figure 18b: Residual exploration rate of the
infants (corrected for age) plotted versus the
proportion of time a mother engaged
“negatively-influencing activities” (traveling).
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Figure 18c: Residual exploration rate of the infants
(corrected for age) plotted versus the proportion of
time a mother engaged in “neutrally-influencing
activities” (resting).

Activity budget of an infant’s mother while an infant was exploring and/or try-feeding

In order to find out which activities of a mother proximately facilitate explorative events in infants, the
activity budget of an infant’s mother, while the infant was exploring and/or try-feeding was calculated.
Valid for each age-individual (infant) data point, an infant performed the most exploring and/or try-
feeding events when an infant’s mother was feeding, nesting or exploring, less when an infant’s
mother was resting and the least when an infant’s mother was traveling (Figure 19). Therefore, |
expected that the more time an infant’s mother spends of her daily time on feeding, nesting and
exploring, the higher the exploratory tendency of an infant. However, as described above, the opposite
effect was found (MLRM: p=0.003, Table 5).

Activity budget of the infants' mothers while the infants
are exploring and/or try -feeding
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Figure 19: Proportion of time the mothers engage in different activities (traveling, resting and
feeding/nesting/exploring,) while the infant was exploring and/or try-feeding, represented for all
age-individual infant data points (N=19), as well as an average calculated over all mothers. On
average, an infant's mother is 13% of her time traveling, 18% of her time resting and 69% of
her time feeding, nesting and exploring while an infant is exploring ad/or try-feeding.
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Activity budgets

The average activity budgets of orangutans may differ depending on the habitat they live in and on
their age-sex class. Different average activity budgets were found in the literature, depending on which
factors were taken into account when calculating the average activity budget of orangutans. In my
thesis, | wanted to compare these different average activity budgets, found in the literature, with the
average activity budget of the infants™ mothers in this study (Table 10).

Table 10: Representation of the average activity budgets of orangutans from different studies. Differences in the average
activity budgets of orangutans are due whether or not habitat and/or the age-sex classes of the orangutans are included.

.AII orangutans (Knott, 1999) 13 44 40 3 100
Sexually active females 14 37 47.5 1.5 100
(Morrogh-Bernard et al., 2009)

Sexually active females & peat 14.5 27.9 55.5 2.1 100

swamp forest (Morrogh-
Bernard et al., 2009)

Suaq Balimbing (Morrogh- 16.9 25.9 54.9 2.3 100
Bernard et al., 2009)
5 This study 20 16 61 3 100

Based on visual comparisons, the activity budgets seem to differ substantially dependent on the
habitat they are living in and to which age-sex class they belong. The infants’ mothers in this study
overall spent less time on resting and more time on feeding and traveling compared to all other
average activity budgets of orangutans found in the literature. The differences in the average activity
budgets of orangutans, between this study and what was found in the literature, become smaller when
more specific characteristics are taken into account. For instance, if the average activity budget of all
orangutans (1) is compared with the average activity budget of the infants® mothers in this study (5),
the differences are enormously. In contrast, if the average activity budget of sexually active females
living in a swamp forest (3) and/or the average activity budget of orangutans living in Suaq Balimbing
(4) are compared with the average activity budget of the infants’ mothers in this study (5), the
differences are clearly less pronounced.
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Juveniles

Even though the main focus of this study was on infants, also data on juvenile animals were collected
which resulted in 8 age-individual juvenile data points. | investigated whether the exploratory
tendency of juveniles is influenced by the same factors as the exploratory tendency of infants.
However, only the effect of three factors on the exploratory tendency of juveniles could be
investigated, i.e. (1) the sociability of an infant’s mother during the infancy period of a juvenile, (2) the
immediate sociability of a juvenile and (3) the food availability. For the other factors, either no data
was available or was applicable for the juveniles. Using an MLRM, | found no significant effect of any
of these three factors on the exploratory tendency of the juveniles (Table 11). However, the absence
of a statistically significant results was probably due to the small sample size. Therefore, it was decided
to perform visual inspection of the graphical relationships. First, visual inspection suggests a positive
effect of the sociability of a juvenile’s mother, during the infancy period of a juvenile on exploratory
tendency. The higher the sociability of a juvenile’s mother during the infancy period of a juvenile, the
higher the exploratory tendency of a juvenile (Figure 20). Second, visual inspection suggests a positive
effect of the immediate sociability of a juvenile on its exploratory tendency. The higher the immediate
sociability, the higher the exploratory tendency of a juvenile (Figure 21). Last, visual inspection
provided no evidence for an effect of food availability on the exploratory tendency of a juvenile (Figure
22). However, to be able to test the statistical significance of these relationships, a larger sample size
is needed.

Table 11: Multiple linear regression model with residual exploratory tendency as dependent variable and (1) characteristics of
a juvenile's mother (sociability of a juvenile’s mother during the infancy period of a juvenile), (2) characteristics of a juvenile
itself (immediate sociability of a juvenile), (3) external factors (food availability), as predictor variables. Trends are indicated
with * (p<0.1).The statistical significant results are indicated with ** (p<0.05). N refers to the number of age-individual infant
data points.

Std.error

Estimates

Dependent Predictor variables
variable
S E] . Sociability of the mother

-0.16

exploratory during the infancy period

tendency of the juvenile

the juveniles Immediate sociability of 0.53 0.65 0.50
the juvenile
Food availability -0.057 0.078 0.54
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Effect of a mother's sociability during the juveniles’ infaney period on the exploratory tendency of a juvenile

Residuals exploration rate (corrected for age)
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Mothers's sociability during infancy (mean party size)

Figure 20: Residual exploration rate of the
juveniles (corrected for age) plotted versus the
sociability of the juveniles' mothers during the
infancy period of the juveniles. The sociability of
the juveniles™ mothers is calculated based on the
mean party size (N= 6, see material and
methods).

Effect of the immediate sociability of a juvenile on the exploratory tendency of a juvenile
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Figure 21: Residual exploration rate of the juveniles
(corrected for age) plotted versus the immediate
sociability of the juveniles. The sociability of the
juveniles is calculated based on the proportion of time
a juvenile spent in association with conspecifics (N=
8).

Effect of food availability on the exploratory tendency of a juvenile

5

A7

Residuals exploration rate (corrected for age)
[o]

Food availability (FAI)

Figure 22: Residual exploration rate of the
juveniles (corrected for age) plotted versus the

food availability (N=8).
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Discussion

The main aim of my project was to investigate which factors influence the exploratory tendency of
infant Sumatran orangutans. Based on the results of previous research, the sociability of an infant’s
mother was expected to be one of the most important factors influencing an infant’s exploratory
tendency (Schuppli, Forss, Meulman, Atmoko et al., 2016). The orangutans at Suaqg Balimbing show
individual differences in their levels of sociability. Since factors influencing the sociability of an infant’s
mother indirectly influence an infant’s exploratory tendency, it was relevant for the aim of this project
to investigate the factors influencing an infant’s mother’s sociability. Therefore, | investigated which
factors influence the sociability of an infant’s mother. Factors that were hypothesized to have an effect
were (1) food availability, (2) family size and composition, (3) age of the infant, (4) sex of the infant, (5)
dominance rank of the mother, (6) age of the mother and (7) the presence of an older sibling.

However, besides the sociability of an infant’s mother, | hypothesized that more factors may have an
effect on aninfant’s exploratory tendency. These factors can be divided into three different categories,
namely (1) characteristics of the infant’s mother, such as the sociability, restrictiveness and the activity
of the mother (2) characteristics of the infant itself, such as age and sex, and (3) external factors, such
as food availability, whether or not the infant lives together with an older sibling and the relatedness
of the association partners with the infant.

Research question [: Which factors influence the sociability of an infant’s mother?
Sociability of the mother

For the effect of the sociability of an infant’s mother on an infant’s exploratory tendency, | expected
that infants with more sociable mothers have a higher exploratory tendency than infants with less
sociable mothers. | found evidence for the hypothesis in this study. Since mothers differed remarkably
in their levels of sociability, factors which may influence the sociability of an infant’s mother, and thus
indirectly the exploratory tendency of an infant, were investigated.

Environmental factor: food availability

Firstly, the effect of food availability on an infant’s mother’s sociability was investigated. | expected
that in periods with a higher level of food availability, an infant’s mother would be more sociable than
in periods with a lower level of food availability (Sugardjito, te Boekhorst & van Hooff, 1987; Knott,
1998, 1999). However, no effect of food availability on the sociability of an infant’s mother was found.
In other words, no significant difference in the time an infant’s mother spent in association with
conspecifics, between periods with a low or a high level of food availability, was found. This result
implies that mothers with dependent offspring do not change their association patterns dependent on
the food availability. Similar results were reported in previous studies performed in Suaq Balimbing
and other study areas (van Schaik, 1999; Utami, 2000; Harrison et al., 2010). The absence of effects of
food availability on association patterns can be explained by the exceptional high level of food
availability in Suaq Balimbing, due to the unusual high habitat productivity and relatively constant
production of the peat swamp forest (van Schaik, 1999; Delgado & van Schaik, 2000; Fragaszy & Perry,
2008). In most forests where orangutans are habituated, orangutans are more sociable during periods
with a high level of food availability since food competition decreases and hereby the energetic
constraints linked to the formation of associations are limited (Delgado & van Schaik, 2000; Fragaszy
& Perry, 2008). However, even in periods with a low level of food availability in Suaq Balimbing, the
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food availability will still be relatively high compared to most other forests where orangutans are
habituated. Therefore, at Suaq Balimbing, irrespective of food availability, associations will be formed.

Family size and composition

Secondly, | investigated whether size and/or composition of an infant’s mother’s family influences the
sociability of an infant’s mother. It was expected that there would be a preference of the infants’
mothers to form associations with female related conspecifics (Singleton & van Schaik, 2002; Russon
et al., 2009; Singleton et al., 2009; van Noordwijk et al., 2012). Following this, infants’ mothers with a
higher number of female related conspecifics were expected to have more opportunities for
association and hereby be more sociable. However, no preference of the infants’ mothers, to associate
with female related conspecifics, was found. The absence of such kin-biased association patterns was
recorded before in Suaqg Balimbing and can be linked, similar as for the absence of any effect of food
availability on the formation of associations, with the high habitat productivity and relatively constant
production of the peat swamp forest in Suaq Balimbing (van Schaik, 1999; Fragaszy & Perry, 2008;
Kunz, 2015). As mentioned before, contrary to most study areas where orangutans are habituated,
food competition, and hereby the costs for associating, is relatively low in Suaqg Balimbing (Knott, 1999;
van Schaik, 1999). Since being social goes hand in hand with multiple potential benefits, the formation
of associations, even with unrelated individuals, may overall be beneficial (van Schaik, 1999; Delgado
& van Schaik, 2000). Hereby, the orangutans at Suaq Balimbing have been reported to be more social
and tolerant towards both related and non-related conspecifics, e.g. various mother-infant pairs have
been recorded to form associations with unflanged males without any mating purpose (van Schaik,
2000). Such relationships have only been rarely documented in orangutans living in other habitats
(Kunz, 2015). Since no kin-biased association patterns were recorded in this study, | neither expected
to find an effect of the size nor composition of an infant’s mother’s family. In other words, based on
the first finding of an absence of a preference for related association partners, | did not expect the
number of female related individuals an infant’s mother has to affect the sociability of a mother.
Indeed, no relationship between the number of female related individuals and the sociability of an
infant’s mother was found.

To conclude, the absence for a relationship between the size and composition of an infant’s family on
the sociability of an infants’” mother could be explained by the unusual high habitat productivity and
relatively constant production of the peat swamp forest in Suaq Balimbing. This lead to an overall high
sociability of the population of Suaq Balimbing (van Schaik et al., 1999; van Schaik, 2000).

Sociodemographic factors

Age of the infant

Thirdly, | looked at the effect of an infant’s age on the sociability of an infant’s mother. Based on the
differences in energetic requirements between infants of different age-classes, | expected that
mothers would be more sociable when having either a very young (0-2 years of age) or already an older
infant (>4 years of age). In contrast, when having a mid-aged infant (2-4 years of age), | expected the
sociability of an infant’s mother to be the lowest (van Schaik, 1999), because energetic constraints for
mothers with mid-aged infants are higher than for mothers with either very young or older infants (van
Schaik, 1999). In this study, | found that infants’ mothers become increasingly sociable when their
infants become more independent. However, no evidence was found for a higher sociability of
mothers of very young or older infants compared to mothers with mid-aged infants. In contrast, an
opposite trend was found, i.e. infants’ mothers are more sociable when having a mid-aged infant than
when having a very young or older infant.
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Performing a cost-benefit analysis about the formation of associations, may explain the opposite effect
found in this study. The benefits linked with the formation of associations are different for all age-sex
classes of orangutans (Galdikas, 1995; Delgado & van Schaik, 2000). First, for adult females, the main
direct benefits for the formation of associations is the protection for male sexual coercion (Rijksen,
1978; Fox, 1998; Delgado & van Schaik, 2000). By associating with flanged males, adult females will be
protected against e.g. sexual harassment by unflanged males (Fox, 2002; Knott et al., 2010). However,
evidence was found that mothers with either very young or mid-aged infants rarely experience male
sexual coercion (Knott et al., 2010). Knott, Thompson, Stumpf & Mcintyre (2010) studied mating
frequencies between non-periovalutory, pregnant and periovulatory females. (Non-)periovulatory
females are females who are (not) ready to conceive (Dictionary, 2008). In this study, almost no mating
encounters were reported in non-periovualtory and pregnant females. In other words, sexual
harassment of adult females seems to be very limited when infants are still fully dependent on the
mother. Therefore, only mothers with older infants, and not with either very young or mid-aged
infants, may benefit by associating as a protection against male sexual coercion. In terms of benefits
associations impose for the infants, as mentioned before, by associating with conspecifics, a number
of opportunities for social learning are created which ultimately may have a positive effect on the
infant’s cognitive development (van Schaik, 1999; van Schaik et al., 1999; Delgado & van Schaik, 2000).
However, since very young infants spend most of their time in body contact with their mother, drinking
mother milk and resting, very young infants are unlikely to pay much attention to the activities of
association partners. Thus, it is questionable how much very young infants engage in social learning
from association partners other than the mother. Therefore, very young infants are unlikely to benefit
from the formation of associations. In contrast, mid-aged infants and older infants will benefit more
from the formation of associations. Since most social learning occurs between the ages of 2 to 4 years
of age, the benefits of socializing for mid-aged infants are expected to be higher than these of older
infants. Therefore, the positive effects of associations on an individual’s cognitive development may
be highest for the mid-aged age-class, which explains the pattern of increased sociability of mothers
of mid-aged infants | found in this study.

Sex of the infant
Fourthly, | investigated whether the sociability of an infant’s mother changes dependent on the sex of

her infant. As mentioned above, when an infant’s mother is more sociable, more opportunities for
social learning are created, which is expected to have a positive influence on an infant’s cognitive
performance (van Schaik, 1999; van Schaik et al., 1999; Delgado & van Schaik, 2000). Since having a
smart, highly cognitive male infant is expected to be more beneficial for the maternal fitness (Trivers,
1972) and female infants are longer dependent on their mother than male infants (Miller, 2013), it was
hypothesized that an infant’s mother will be more sociable when raising a male infant than when
raising a female infant. However, a reverse relationship was found, namely infants’ mothers were
significantly more sociable when having a female infant than when having a male infant. Thus, it seems
more beneficial for the maternal (indirect) fitness to be more sociable when having a female infant
instead of when having a male infant. This may be based on the difference in dispersion distance
between both sexes when reaching independency. While female orangutans are philopatric and stay
close to their natal area (van Noordwijk et al., 2009), male orangutans tend to move away from their
natal area (van Noordwijk et al., 2009). This difference in dispersion distance may influence an infant’s
mother’s motivation to form associations. By forming associations, mothers introduce their infants to
the community of neighbouring orangutans. A socially well-integrated infant may later experience less
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difficulties when establishing an own home range in the neighbouring area. Since female orangutans
stay around their natal area and male orangutans disperse (van Noordwijk et al., 2009), it is more
important for female than for male orangutans to be well integrated in the neighbouring population
during infancy. This may explain the result of this study that an infant’s mother is more sociable when
having a female instead of a male infant. A similar, opposite relationship was found in a study
performed in chimpanzees (Lonsdorf, Anderson et al., 2014). In chimpanzees, females migrate to
neighbouring communities while males stay in their natal group (Lonsdorf, Anderson et al., 2014).
Thus, in apes it seems as if the philopatric sex benefits from higher sociability during infancy.

Maternal dominance rank of the infant’s mother
Fifthly, | investigated whether the dominance rank of an infant’s mother had an effect on her

sociability. Previous studies did not consider female dominance rank as a possible factor influencing
the sociability of an infant’s mother due to two main reasons. First, as a consequence of a rather
solitary life style of orangutans (Wich et al., 2004, 2010), it is difficult to assign a reliable dominance
rank to each individual. Second, the presence of a clear dominance hierarchy in female orangutans has
been doubted (Roman, 1977; Rijksen, 1978; Tuttle, 1986; Tuttle & Cortright, 1988; Kaplan & Rogers,
1994; Galdikas, 1995) (Appendix C: Absence of linear dominance hierarchy in orangutans). However,
based on anecdotal data of females displacing other females, collected over different years in Suaq
Balimbing, a crude two-step dominance rank of the different adult females could be calculated in this
study.

Since in a variety of species, adult females with a higher dominance rank establish their home ranges
in higher quality habitats than adult females with a lower dominance rank (e.g. chimpanzees: Williams
et al.,2002; Murray, Eberley & Pusey, 2006; Thompson et al., 2007; Kahlenberg et al., 2008; red-winged
blackbirds: Eckert & Weatherhead, 1987; northern spotted owl: Franklin et al., 2000). | hypothesized
that a similar pattern would be present in adult female orangutans. Hence, adult females with a higher
dominance rank will have more and better access to food resources (Williams et al., 2002; Murray,
Eberley & Pusey, 2006; Thompson et al., 2007; Kahlenberg et al., 2008). Therefore, | expected that
adult females with a higher dominance rank would have a higher sociability than adult females with a
lower dominance rank. However, no effect of the dominance rank of an infant’s mother on the
sociability of an infant’s mother was found, which is in line with previous studies performed in Suaq
Balimbing (Manuel, Harrison & Thorpe, 2012). This result could also be a consequence of the crudeness
with which dominance rank of the different adult females was assigned. Social relations might have
changed over these couple of years and not all displacements between adult females reflect a
difference in dominance rank. Instead, the observed pattern may be the result of a core area defence
mechanism (Knott et al., 2008; Singleton et al., 2009). Each adult female has her own established stable
home range with a core area (Singleton et al., 2009). The core area of an adult female is defined as the
most intensively used part of an adult female’s home range. Although home ranges of adult females
often overlap with each other, overlap of core areas is rather limited. Since home ranges mainly exist
to avoid food competition, each adult female is expected to stay loyal and be dominant in her own
home range, especially in the core area of her home range (Singleton et al., 2009). Evidence has been
found that adult females contest more for resources and win encounters more often when they are in
their own core areas, undetermined the dominance rank of the visitor and resident orangutans (Knott
et al., 2008; Singleton et al., 2009). The outcome of encounters between two adult females may be
more dependent on the position where the encounter takes place than on their dominance rank. Based
on the GPS data, collected every 30 minutes when following an orangutan, and the details known
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about the displacements, it could be determined whether the observed encounters were a result of a
core area defence mechanism. However, this was beyond the scope of my project.

However, a core area defence mechanism may not be existent for the adult females in Suaq Balimbing
due to the strong overlap of the adult females home ranges and their core areas. Even though,
evidence for the existence of a core area defence mechanism in Suaq Balimbing was found in a
previous study (Singleton, 2000). Therefore, it may have affect the results of this study.

To conclude, whether the absence of an effect of a mother’s dominance rank on her sociability is a real
result or a consequence of the crudeness in the determinations of the adult female dominance ranks
is unknown. This hypothesis should be investigated again once more data on female dominance rank
is available and hereby a more detailed dominance hierarchy can be established.

Maternal age of the infant’s mother

Sixth, the effect of the maternal age on the sociability of an infant’s mother was investigated. As
suggested by the ‘Terminal Investment Theory’, | expected an increase in sociability of an infant’s
mother with increasing maternal age (e.g. Hirschfield & Tinkle, 1975; Morrow, Arngvist & Pitnick, 2003;
Fessler et al., 2005). However, no significant effect of the maternal age on the sociability of an infant’s
mother was found. Multiple factors might explain the absence of such a relationship. Firstly, in terms
of the ‘Terminal Investment Theory’, studies in general provided mixed results. On the one hand,
studies performed in long-lived birds and Barbary macaques, found positive evidence for the ‘Terminal
Investment Theory’ (california gull: Pugesek, 1981; Pugesek, 1995; collared flycatcher: Part et al., 1992;
Barbary macaque: Paul, Keuster & Podzuweit, 1993). On the other hand, a study performed on rhesus
macaques and long-lived seabirds found negative evidence for the ‘Terminal Investment Theory’
(rhesus macaque: Berman, 1984; long-lived seabird: Seether et al., 1993). Therefore, it might be that
the ‘Terminal Investment Theory’ is not valid in orangutans. Secondly, conflicting results have been
found about the average life span of wild orangutans. In a recent study of wild Sumatran orangutans,
researchers estimated an average life span for orangutans of approximately 58 years (Wich et al.,
2004). However, based on DNA analyses, which revealed the estimated number off infants an adult
female gave already birth to, certain adult females in our research area are estimated to be notably
older than the estimated average life span. For instance, Friska gave birth to at least 6 children and is
estimated to be at least in her late sixties (Figure 22). Therefore, since there is still some uncertainty
about the average life span of wild Sumatran orangutans, it is unclear from which age a higher
investment in the infant, as a consequence of a decline in future survival chances, is expected. For this
reason, it is difficult to test the ‘Terminal Investment Theory’. Thirdly, the absence of differences found
in sociability between infants’ mothers with a different age, might be due to a confounding factor. For
instance, the maternal style or personality of infants’ mothers (Fairbanks, 1996). An infant’s mother
might be more or less sociable due to her maternal style or personality. However, there was no
measure for maternal style and/or personality in this study. Therefore, the maternal style and/or
personality could not be taken into account in the analyses. Fourthly, the exact maternal age of the
infants’ mothers was unknown. Therefore, the maternal age of the infants’ mothers was estimated
based on the (known) number of infants a mother already gave birth too. However, since male infants
disperse from their natal area (van Noordwijk et al., 2009), it is assumed that these males will not be
in the study area anymore. In other words, no DNA analyses could be done on these males. Hereby, a
significant number of male infants a mother gave birth to may be missed based on DNA analyses. In
this way, for some of the adult females, an underestimation of the number of infants an adult female
gave already birth too is possibly made. Hereby, the age of an infant’s mother will be underestimated.
In addition, this is a less precise way compared to when the exact age of the infants’” mothers would
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be known. Therefore, this could also have had an effect on the absence of a relationship found
between the dominance rank and the sociability of a mother. To conclude, multiple factors can explain
the absence of a relationship found between the maternal age and the sociability of an infant’s mother.

Presence of an older sibling
Last, the effect of the presence of an older sibling on the sociability of an infant’s mother was

investigated. | expected that if an older sibling was still in permanent association with the mother-
infant pair, the sociability of the mother would be higher. However, no support for this hypothesis was
found.

The hypothesis was based on the idea that social play with conspecifics is highly important for older
siblings (Groos, 1898; Fagen, 1981; Kunz, 2015). Due to an older sibling’s need to associate for social
play, the older sibling is expected to “pull” the mother-infant pair into association when the older
sibling initiates an association. Therefore, an infant’s mother was expected to be more sociable when
an older sibling is still in permanent association. The lack of evidence found for a positive effect of the
presence of an older sibling on an infant’s mother sociability, may (partly) be due to the method used
to define an older sibling in permanent association with a mother-infant pair. As described in the
method section, an older sibling was considered to be in permanent association with a mother-infant
pair when it was in more than 50% of the follow days, belonging to the same age-individual data point,
for a full day in association with the mother-infant pair. This means that in less than 50% of the follow
days, the older sibling could go on short-term excursions to associate with other conspecifics by
himself/herself, and come back to the mother-infant pair later on the day. Therefore, the idea that
whenever an older sibling initiates an association the mother-infant pair automatically will follow the
older sibling was not supported by the data of this study. Instead, the mother does not seem to be
bothered by the older sibling leaving the mother-infant pair for some time. It may be more beneficial
for an infant’s mother not to invest in constantly following the older sibling. Because of the high
energetic constraints the mother already experiences through her newly born offspring, she may have
to limit the energy spent on traveling (Gittlean & Thompson, 1988). Therefore, it would be interesting
to investigate the same relationship when an older sibling is defined to be in permanent association
with a mother-infant pair when the older sibling is in all follow days, belonging to the same age-
individual data point, a complete day in association with the mother-infant pair. In addition, it would
also be interesting to determine from which age on older siblings start making these short-term
excursions to associate with conspecifics, without the mother following the older sibling.
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Research question II: Which factors influence an infant’s exploratory tendency?

Influence of the mother

Sociability of the mother

| found evidence that infants of more sociable mothers have a higher exploratory tendency than infants
of less sociable mothers. This result is in line with the previous reported result by Schuppli, Forss,
Meulman, Atmoko et al. (2016). In humans, it has been widely reported that the higher the quality and
quantity of social inputs an individual receives during childhood, the higher an individual’s later
cognitive development (Nelson et al., 2007). Since the number of social inputs an infant orangutan
receives mainly depends on the sociability of an infant’s mother, this result implies that there is a high
similarity between the development of cognition in humans and orangutans. Therefore, it is suggested
that the evolutionary roots for the sensitivity for social inputs on an individual’s cognitive performance
may be inherited from our great ape ancestor (Schuppli, manuscript). To be able to state this
hypothesis, it is important to investigate which other factors influence an infant’s exploratory tendency
and whether these factors can also be linked to the number of social inputs an individual receives
during its development.

Restrictiveness of the mother

Besides the effect of the sociability of an infant’s mother on the exploratory tendency of an infant, |
investigated whether the restrictiveness of an infant’s mother had an effect on the exploratory
tendency of an infant. | expected that the higher the restrictiveness of an infant’s mother, the lower
the exploratory tendency of an infant. However, restrictiveness of an infant’s mother did not have an
effect on the exploratory tendency of an infant. The absence of a relationship may be explained by the
lack of reliable data collected. Since this data does not belong to the standard data collection protocol,
most observers did not consequently write down this behavior. Therefore, for future research in this
direction, it would be necessary to have a separate sheet to write down in detail when, why and how
restrictiveness events occur. In this way, more precise data analyses may be performed.

Activity of the mother
Average daily activity budget of the infants’ mothers
| investigated whether the average daily activity budget of the infants’ mothers, in this study, was

comparable with the results found in the literature about the average daily activity budget of
orangutans (MacKinnon, 1974; Rodman, 1979; Mitani, 1989; Knott, 1999). According to the literature,
orangutans spend approximately 44% of their time resting, 41% of their time feeding, 13% of their
time traveling and 3% of their time nest building and engaging in other activities, such as fighting,
vocalizing, mating and socializing (MacKinnon, 1974; Rodman, 1979; Mitani, 1989; Knott, 1999). In this
study, | found that an infant’s mother approximately spends 16% of her time resting, 61% of her time
feeding, 20% of her time traveling, and 3% of her time nest building and engaging in other activities
such as fighting, vocalizing, mating and socializing. Thus, the average daily activity budget of the
mothers differed clearly from what was found in literature. Multiple explanations can be given for the
differences found between the average daily activity budget of orangutans in this study and the
average daily activity budget reported in the literature.

First, the average daily activity budget of an orangutan, found in the literature, was calculated based
on the results of three different studies performed in orangutans (MacKinnon, 1974; Rodman, 1979;
Mitani, 1989; Knott, 1999). However, these three studies performed observations on different
subspecies of orangutans. MacKinnon (1974) calculated the average activity budget based on data
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collected of both Sumatran and Bornean orangutans while in the studies performed by Rodman (1979)
and Mitani (1989), an orangutan’s average activity budget was calculated based on data collected only
on Bornean orangutans. However, the different (sub)species of orangutans differ notably between
each other in certain characteristics. Firstly, one of the main differences between Sumatran and
Bornean orangutans, which is expected to influence an orangutan’s average activity budget, is the
productivity of their habitat (Morrogh-Bernard et al., 2009). Sumatran forests are assumed to be of
better quality for orangutans than Bornean forests due to a higher and more stable food availability
(Delgado & van Schaik, 2000; Fox et al., 2004; Marshall et al., 2009; van Schaik, Marshall & Wich, 2009).
Consequently, Sumatran orangutans are thought to spend less time feeding and more time engaging
in other activities compared to Bornean orangutans (van Schaik, Marshall & Wich, 2009). Therefore, it
would be more conclusive to calculate average activity budgets or each species separately instead of
making an average daily activity budget for both orangutan species together. Secondly, besides the
variation in habitat productivity between Sumatran and Bornean forests, there is also local variation
in orangutans’ habitats (Morrogh-Bernard et al., 2009). Basically, there are two main types of habitat
were orangutans are habituated, namely (1) non-masting forests, where the habitat is predominantly
peat swamp forest and a regular supply of fruit is present and (2) masting forests, where the habitat is
predominantly mixed-dipterocarp forest and an irregular supply of fruit is present only (Rodman &
Mitani, 1987; Knott, 1999; Morrogh-Bernard et al., 2003, 2009). Orangutans are expected to allocate
their time differently, depending in which habitat type they are living (Wich et al., 2008 Morrogh-
Bernard et al., 2009). Recently, a comparison study of the average daily activity budgets of orangutans
living in 9 different study areas, spread over the Sumatran and Bornean islands of Indonesia, was
performed (Morrogh-Bernard et al., 2009). It was found that orangutans living in non-masting forests,
or predominantly peat swamp forests, spend more than 50% of their time feeding while orangutans
living in masting forests, or predominantly mixed-dipterocarp forests, spend less than 50% of their
time feeding (Morrogh-Bernard et al.,, 2009). The differences in the average activity budgets,
dependent on the habitat type orangutans are living in, is a consequence of their strategy they use for
obtaining enough food (Wich et al., 2008; Morrogh-Bernard et al., 2009). There are two different
strategies orangutans use, especially in periods with low food availability; namely (1) the ‘search and
find’ strategy or (2) the ‘sit and wait’ strategy (Knott, 1998). When using the ‘search and find’ strategy,
orangutans aim to maximize their energy intake by resting little and mainly feeding or traveling in
search for the few fruit species which are fruiting. This strategy is mainly used by orangutans in non-
masting, peat swamp forests. With the ‘sit and wait’ strategy, orangutans aim to minimize their energy
expenditure by spending long periods of time resting and relatively short periods of their time
traveling. This strategy is mainly used by orangutans living in masting, mixed-dipterocarp forests
(Knott, 1998; van Noordwijk et al., 2013). Based on this, | expected that the daily activity budget would
not only differ between the Sumatran and Bornean orangutans, but also between individuals living in
masting or non-masting forests. Since Suaq Balimbing is a non-masting, peat swamp forest (Knott,
1999), it explains why the time an orangutan spends on feeding and traveling is higher, and the time
an orangutan spends on resting is lower, relatively to what was reported as an overall average across
populations in the literature by Knott (1999).

Second, besides the inter-population variation, due to habitat productivity (van Schaik, Marshall &
Wich, 2009) and forest type (Morrogh-Bernard et al., 2009), influencing the daily activity budget of
orangutans, individual variation was also not taken into account by Knott (1999) (Morrogh-Bernard et
al., 2009). When Knott (1999) determined the average activity budget of orangutans, all age- and sex-
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classes were included in the analysis: unflanged males, non-sexually active females, sexually (non-)
active females and flanged males (Knott, 1999; Morrogh-Bernard et al., 2009). However, this study
only calculated the activity budget of sexually active females, the infants’ mothers. Previous research
found clear differences between individuals of different age- and sex-classes. Non-sexually active
females are known to feed the longest and rest the least, flanged males rest the longest and feed/travel
the least and unflanged males travel the longest (Morrogh-Bernard et al., 2009). Therefore, comparing
the average activity budget of mothers of our study with the average activity budget reported by Knott
(1999), it is not entirely valid (Morrogh-Bernard et al., 2009). Instead, the activity budgets of the
mothers from this study should be compared with the average activity budget of the sexually active
females at other populations. When | calculated the average activity budget of the sexually active
females only, over the 9 different research areas, | found that they spend 47.5% of their time feeding,
37% of their time resting, 14% of their time traveling and 1.5% of their time engaging in other activities
(Morrogh-Bernard et al., 2009). Comparing my results with this data, a less pronounced difference to
what was found in the literature was found.

To conclude, it is important to take (1) inter-population variation, as a consequence of habitat type
and forest productivity, and (2) individual variation, such as the age-sex class of the orangutans, into
account when calculating an orangutan’s average activity budget. Therefore, | calculated the average
activity budget of the sexually active females over the 5 different study areas located in a peat-swamp
forest. | found that they spend 55.5% of their time feeding, 27.9% of their time resting, 14.5% of their
time traveling and 2.1% of their time engaging in other activities (Morrogh-Bernard et al., 2009). If the
comparison between the average daily activity budget of the infant’s mothers in this study and the
average daily activity budget of the sexually active females living in peat swamp forests was made, a
less pronounced difference is found. The remaining variation present may be a consequence of the
exceptional high level of food availability in Suaq Balimbing (van Schaik, 1999; Delgado & van Schaik,
2000; Fragaszy & Perry, 2008).

The effect of the activity of an infant’s mother on an infant’s exploratory tendency
Besides the sociability and the restrictiveness of an infant’s mother, | also investigated the effect of an

infant’s mother’s activity on an infant’s exploratory tendency. Three different hypotheses about the
effect of the activity of an infant’s mother on an infant’s exploratory tendency were made. First, |
expected that infants will perform most object manipulation behavior while their mother is feeding,
nesting or exploring (Jaeggi et al., 2010; Kunz, 2015). Second, based on the first hypothesis, | expected
that an infant’s exploratory tendency would be influenced by the daily activity budget of an infant’s
mother (Jaeggi et al., 2010; Kunz, 2015). The more time an infant’s mother spends on traveling and/or
resting, and hereby the less time an infant’s mother spends on feeding, nesting and/or exploring, the
lower an infant’s exploratory tendency was expected to be (van Noordwijk & van Schaik, 2005; Jaeggi
et al., 2010; Kunz, 2015). Third, | expected that the level of exploratory tendency of the mother would
have a positive effect on the exploratory tendency of the infant (Lonsdorf, 2006).

Activity of an infant's mother while an infant is performing any kind of object manipulation behavior

First, | expected that an infant would perform most object manipulation behaviors while an infant’s
mother was feeding, nesting or exploring herself, less when an infant’s mother was resting and the
least when an infant’s mother was traveling (Jaeggi et al., 2010; Kunz, 2015). Evidence for this
hypothesis was found for all the age-individual data points separately. Thus, as expected feeding,
nesting and exploring have a positive influence on the exploratory tendency of an infant, traveling has

56



a negative influence on the exploratory tendency of an infant and resting has a neutral influence on
the exploratory tendency of an infant.

Daily activity budget of an infant’s mother

Second, based on the finding that infants perform most object manipulation behavior during the time
an infant’s mother is feeding, nesting or exploring, less during the time an infant’s mother is resting
and the least during the time an infant’s mother is traveling, | expected that an infant’s exploratory
tendency would be influenced by the daily activity budget of an infant’s mother (Jaeggi et al., 2010;
Kunz, 2015). Concrete, the more time an infant’s mother spends on negatively-influencing activities,
and hereby the less time an infant’s mother spends on positively- or neutrally-influencing activities,
the lower an infant’s exploratory tendency was expected to be (van Noordwijk & van Schaik, 2005;
Jaeggi et al., 2010; Kunz, 2015). However, the opposite effect of the effect of positively- and negatively-
influencing activities on the exploratory tendency of an infant was found. Only resting had, as
expected, a neutral influence on the exploratory tendency of an infant. | could not think about a
possible argumentation to explain these results, since an infant engaged the most in the performing
of object manipulation behaviors when a mother was performing positively-influencing behaviors and
the least when a mother was performing negatively-influencing behaviors.

Exploratory tendency of an infant’s mother
Third, | expected that the exploratory tendency of the mother would be correlated with the

exploratory tendency of the infant (Lonsdorf, 2006). However, no effect of a mother’s exploratory
tendency on an infant’s exploratory tendency was found. This result implies that it is more beneficial
for the infants’ exploratory tendencies to receive inputs of a larger number of different role models
than to receive more varied inputs of their strongest role model, their mother.

However, to be able to state this argument, a higher number of reliable data needs to be collected.
Only one, highly trained observer (Caroline Schuppli) collected consequently, during certain time
periods, the explorative behaviors performed by an infant’s mother while observing infants. Thus, only
for a limited number of age-individual data points, a reliable exploration level of an infant’s mother
could be calculated. In addition, despite being a highly trained observer, it may be possible that some
of the exploratory behaviors, performed by an infant’s mother, were missed since the observer was
supposed to pay close attention to an infant’s activity. If more exploratory behaviors are missed from
mothers of a certain age-class, it is possible that the exploratory tendency data of the mothers was
biased. Therefore, it would be interesting to investigate whether there is bias in the collected
exploratory behaviors and whether the same results are obtained with a larger data set.

Influence of the infant

Age of the infant

| expected that the age of an infant would be one of the most important characteristics affecting an
infant’s exploratory tendency. The exploratory tendency of an infant was expected to be the highest
between the ages of one to four years, followed by a quite abrupt ceasing of an infant’s exploratory
tendency around four to five years of age (van Adrichem et al., 2006; Kunz, 2015). Indeed, a similar
relationship between exploratory tendency and age was found in this study. The exploratory tendency
of infants was the highest between the ages of two to four years followed by a quite abrupt ceasing of
their exploratory tendency around four years of age.
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Sex of the infant
| expected that female infants have a higher exploratory tendency than male infants. However, the

data did not supported this hypothesis. | argued that female infants were expected to engage more in
object manipulation behavior than male infants due to their difference in future interests (Galdikas,
1985; Gittlean & Thompson, 1988). However, one could also argue that “male infants are expected to
engage more in object manipulation behavior than female infants”. Firstly, since adult males move
away from their natal area, in contrast with adult females who stay close to their natal area, adult
males will have to able to cope with and survive in a new environment (Rodman, 1973; MacKinnon,
1974; Rijksen, 1978; Galdikas, 1985, 1988; Mitani, 1989; van Schaik & van Hoof, 1996; Utami et al.,
1997; Knott, 1998, 1999; van Noordwijk et al., 2002, 2012; Singleton & van Schaik, 2002; Setia et al.,
2009; Morrogh-Bernard et al., 2011; Arora et al., 2012). By engaging more in any kind of object
manipulation behavior during infancy, an adult male will be able to use these previously gained
experiences and transfer them to new situations, e.g. new food resources (Nisbett, 2009; van Schaik
& Burkart, 2011). Therefore, males may have a higher incentive to be more exploratory and thus
inventive than females. Secondly, as reported before, male infants have been found to stay in close
association with their mother for a shorter time period than female infants (Miller, 2013). Therefore,
male infants have less time available than female infants to learn the same number of essential
cognitive skills, to be able to survive independently. However, this second line of argumentation may
not be valid for Sumatran orangutans at Suaq Balimbing since so far, no study investigated whether
there is a difference in the length of dependency between male and female orangutans at Suaq
Balimbing. Thus, it may be that both sexes have a similarly high motivation, even though most likely
for different underlying reasons, to engage in object manipulation behavior. This would explain the
absence of any sex differences found.

Influence by external factors
Environmental factor: food availability

Besides the characteristics of the mother and the infant itself, | expected that an increased level of
food availability would have a positive effect on an infant’s exploratory tendency. Food availability was
expected to have both an indirect and a direct influence on an infant’s exploratory tendency. As
previously mentioned, | did not find evidence for an indirect effect of food availability on an infant’s
exploratory tendency. For the direct effect of food availability on an infant’s exploratory tendency, |
expected that during periods of a high level of food availability, the exploratory tendency of infants
would increase (van Noordwijk & van Schaik, 2005; van Noordwijk et al., 2013; Kunz, 2015). However,
no effect of food availability on an infant’s exploratory tendency was found. A similar explanation, as
given for the absence of an indirect effect of food availability on the exploratory tendency of an infant,
may be given for the absence of a direct effect of food availability on the exploratory tendency of an
infant. Due to the unusual high habitat productivity and relatively constant production of the peat
swamp forest, there is an exceptional high level of food availability in Suaq Balimbing (van Schaik, 1999;
Delgado & van Schaik, 2000; Fragaszy & Perry, 2008). Hereby, even in periods of lower food availability,
energetic constraints are limited and the infants may still have enough time and energy available to
perform any kind of object manipulation behaviors. However, the absence of an effect found in Suaq
Balimbing does not exclude that effects may be present in other study areas with an overall lower level
of food availability.
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Presence of an older sibling

| expected that infants living together with an older sibling would have a higher exploratory tendency
than infants living without an older sibling (Jolly, 1985; Barr & Hayne, 2003). In other words, an older
sibling was expected to stimulate an infant to perform more object manipulation behaviors, such as
try-feeding and exploration. | found strong support for this hypothesis in this study such as that the
presence of an older sibling had a significant positive effect on the immediate exploratory tendency of
an infant. However, it may be more interesting to investigate the developmental effect of the presence
of an older sibling on an individual’s later cognitive performance during adulthood. This can only be
investigated when both the cognitive performance of a number of adolescents as well as the total
period the adolescents spent in association with both their mother and an older sibling is known. |
expect that the longer an adolescent spent in close association with both their mother as well as an
older sibling during infancy, the higher an adolescent’s cognitive performance will be.

Percentage association partners related with the infant

Last, | expected that infants have a higher exploratory tendency when they spend more time in
association with related than with unrelated conspecifics. However, no evidence for this hypothesis
was found. This result suggests that at Suaq Balimbing the same social learning benefits arise for an
infant, independent whether they are together with related or unrelated with the association partners.
Besides the relatedness of the association partners, it would be also interesting to investigate whether
the identity (mother-infant pairs, juveniles, adolescent, unflanged males, flanged males) of the
association partners have differing effects on the exploratory tendency of an infant.

Extension of research question II: Which factors influence a juvenile’s exploratory

tendency?

| also performed a small side research project where | investigated whether the same factors, which
were hypothesized to influence an infant’s exploratory tendency, also influenced a juvenile’s
exploratory tendency. No significant results were found. However, the absence of statistically
significant results was probably due to the small sample size. Therefore, it was decided to perform
visual inspection of the relationships. Based on the visual inspection, | found that food availability did
not seem to have an effect on exploratory tendency in juveniles, just as it has been found in infants.
Most likely, the same arguments are valid to explain the absence of a positive effect of food availability
on a juvenile’s exploratory tendency. For both, the sociability of a juvenile’s mother during infancy and
the immediate sociability of a juvenile, a positive effect seems to be present on the exploratory
tendency, a very similar pattern to what | had found for infants. Thus, sociability has both a positive
immediate and developmental effect on the exploratory tendency of a juvenile. Further, it would be
interesting to perform a study with a stronger focus on juveniles and see whether the outcomes are
comparable between infant and juvenile Sumatran orangutans. For the performance of such a study,
more juvenile data would be needed.
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Conclusion: from Sumatran orangutans to humans

The aim of this study was to shed light on the evolutionary roots of cognitive development in humans.
In humans, it is known that, in addition to genetic predispositions, developmental inputs determine an
individual’s cognitive development (Plomin & Spinath, 2004). Individuals, who receive a higher
guantity and quality of social inputs during childhood, will have a higher cognitive performance (Nelson
et al., 2007). Even small differences in the frequency and quality of social inputs, such as the number
of social interactions, have shown to affect an individual’s cognitive development (Maggi et al., 2010).
Therefore, social inputs are considered the main factor influencing an individual’s cognitive
development (Maggi et al., 2010).

Multiple studies have shown that cognition is not uniquely present in humans (e.g. pigeons: Blough,
1989; cattle: Fernandes et al., 2015; horses: Schuetz, Framet & Kreuger, 2016). Contrary, different
animal species have been reported to have a certain level of cognition (e.g. pigeons: Blough, 1989;
cattle: Fernandes et al., 2015; horses: Schuetz, Framet & Kreuger, 2016). Assuming evolutionary
continuity, it is expected that the main factor that influences the development of cognition in humans,
the sensitivity for social inputs, can also be found in humans’ closest living relatives, the great apes
(Schuppli, manuscript). Therefore, | focused on determining the role social inputs have on the
development of cognition in Sumatran orangutans (Pongo abelii). The effect of different factors on the
exploratory tendency, a behavioral measure of cognitive performance, of wild infant Sumatran
orangutans was analysed. Most importantly, evidence was found that the immediate sociability of an
infant’s mother had a significant effect on an infant’s exploratory tendency. Thus, as for humans, an
increased number of social interactions had a positive effect on an infant’s exploratory tendency. In
addition, also evidence was found that the activity of an infant’s mother, the age of an infant and the
presence of an older sibling had an effect on an infant’s exploratory tendency. The effect of these
factors could also be linked to the quantity and quality of social inputs an infant Sumatran orangutan
received. Thus, the more social inputs an infant Sumatran orangutan received, the higher its
exploratory tendency.

Due to the high similarity between humans and Sumatran orangutans, for the sensitivity of social
inputs on an individual’s cognitive development, it can be concluded that human sensitivity to
opportunities for social learning, which provided a critical foundation for the evolution of the unique
skill-transmission system we see in humans, was inherited from our great ape ancestors.
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Future research questions

Factors influencing an infant’s mother’s sociability

| investigated the effect of different factors on an infant’s mother’s sociability. However, | did not
include the possibility of a genetic effect influencing the sociability of a mother: there may be an innate
predisposition as a mother to be less or more sociable. To be able to investigate this genetic effect,
cortisol values have to be measured which was beyond the scope of my project. However, | would be
interested to investigate this in a following research project.

Innate predisposition to be less or more sociable: measuring cortisol values

In a comparison study performed between Bornean and Sumatran orangutans in captivity, it was found
that Bornean orangutans tend to have higher cortisol values than Sumatran orangutans when housed
in groups. Cortisol is a well-known biomarker used to measure psychological stress (Elder & Menzel,
2002; Lee et al., 2012). When the same individuals were housed alone, no significant differences in
cortisol values, between the Sumatran and Bornean orangutans, were found. Basically, it was found
that Bornean orangutans, independent of the food availability (since in captive situations no food
competition is expected), will have more stress when being in association. Therefore, Bornean
orangutans have an innate predisposition to be less sociable than Sumatran orangutans (Weingrill et
al., 2011; Amrein et al., 2014). Although no comparison between Sumatran and Bornean orangutans
is made in this study, | am interested to investigate whether similar individual variation in innate
sociability between orangutans of the same population exists. By measuring the level of cortisol of the
different infants’ mothers in Suaqg Balimbing, it could be determined whether there is variation in how
stressful associations are experienced by each infant’s mother. Since the orangutan population in Suaq
Balimbing seems to be rarely suffering of food competition, due to the unusual high habitat
productivity and relatively constant production of the peat swamp forest (van Schaik, 1999; Delgado
& van Schaik, 2000; Fragaszy & Perry, 2008), they would be the ideal wild population to investigate
whether intra-population variation is existing in the innate predisposition to be less or more social.

Factors influencing an infant’s exploratory tendency

| also investigated the effect of different factors on the infants’ exploratory tendencies. However, | was
not able to investigate the effect of all factors that could be explored. Following are three factors, (1)
the personality of both the infants as well their mothers, (2) the identity of association partners and
the motivation for the formation of associations and (3) the genetic predisposition to have a higher
exploratory tendency, which may have an important effect on an infant’s exploratory tendency. Due
to time limitations, | was not able to collect all data and include these factors in my analyses. However,
| would be very interested to investigate these factors in a future research project.

Personality

Personality may very well influence an infant’s exploratory tendency (Carere & Locurto, 2011). | hereby
expect that the personality of the mother as well as the personality of the infant itself may be an
important source of variation causing differences in exploratory tendencies between infants (Carere &
Locurto, 2011). Personality is defined as consistent inter-individual differences in correlated behavior
traits, which are stable over time and/or across different situations and/or contexts (Gosling, 2001;
Gladden, Figueredo & Jacobs, 2009). Many species show a great level of individual variation in
personality within populations (Réale et al., 2007; Smith & Blumstein, 2013). This can be theoretically
presented on e.g. a Proactive-Reactive axis (Wilson et al., 1994; Koolhaas et al., 1999). Proactive
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individuals are considered more aggressive, active, exploratory and bold while reactive individuals are
considered to be more peaceful, reactive, avoidant and shy (Koolhaas et al., 1999; Groothuis & Carere,
2005). First, concerning an infant’s personality, some studies showed that reactive individuals learn
slower than proactive individuals as a consequence of reactive individuals’ avoidance behavior towards
novel stimuli (Sih et al., 2004). Therefore, | expect that proactive individuals will have a higher
exploratory tendency than reactive individuals. Second, | also expect that the personality of an infant’s
mother may influence indirectly an infant’s exploratory tendency. Since the activity of an infant’s
mother is expected to influence the activity of an infant, proactive mothers are expected to have a
more positive influence on the exploratory tendency of an infant than reactive individuals (Koolhuis et
al., 1999; Groothuis & Carere, 2005). For the restrictiveness of an infant’s mother, reactive individuals
are expected to be more anxious and become more restrictive towards their infants than proactive
individuals (Maner et al., 2008; Meyer & Hamel, 2014). Therefore, | hypothesize that infants of
proactive mothers will have a higher exploratory tendency than infants of reactive mothers.

Unfortunately, because of the limited time available and the complexity of personality experiments in
the wild, | was not able to consider personality in my study. However, the idea on how to perform a
personality experiment and how to determine the personalities of wild Sumatran orangutans was
thought about and previously tested (Forss et al., 2015). Following are briefly some ideas given on how
to perform the personality experiment.

Personality experiment in a population of wild Sumatran orangutans

The best way to measure personality is by looking at an individual’s reaction to a novelty, such as a
novel object or environment (Carter et al., 2012). Individuals, which are first in line to explore a novel
object or environment, are considered proactive and vice versa for the individuals who are the last to
investigate a novel object or environment (Wilson et al., 1994). To measure personality in wild
orangutans, novel food items can be placed in their environment, such as durian or bananas. It is
important that the focal sees the observers manipulating the novel object since previous tests,
performed by Forss (2015), have shown that there is a higher chance that the focal will approach the
novel object if the focal saw the observer manipulating the object first (Forss et al., 2015). Once the
novel object is placed in the focal’s environment and noticed by the focal, the observer can measure
the focal’s latency to approach or touch the novel object. Focals with the shortest latency will be
considered the most proactive, whereas focals with the longest latency are considered the most
reactive. However, based on previous observations not all focals may participate in exploring the novel
object (Schuppli, pilot experiment 2014; Forss et al., 2015). In addition, it may take a number of trials
before a focal is exploring the novel object (Schuppli, pilot experiment 2014; Forss et al., 2015).
Therefore, it would be conclusive to also look at other measure, such as observing (1) if a focal is
coming closer or going away from the novel object (approach-retreat) and (2) whether or not a focal
is looking to the novel object.

Identity of association partners and motivation for association

| determined the sociability of an infant’s mother based on the proportion of time an infant’s mother
spent in association with conspecifics. However, | did neither take into account the identity of the
association partners nor the motivation for the formation of associations. Although, these are factors
which likely determine the quality of an association and thus may have important effects on the
exploratory tendency of an infant
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First, although different benefits and motivations are associated with the formation of associations
dependent on the age-sex class of the association partners, | did not take into account with whom a
mother-infant pair formed associations (Table 12). Depending on the benefits linked with and the
motivation of an individual to socialize, associations are likely to differ in their quality. So far,
orangutans have been reported to form three types of associations: (1) travel bands, (2) temporary
associations and (3) consorts (Utami et al., 1997). Firstly, during a travel band, individuals feed together
within a food patch, leave and stay together for a certain time period, and sometimes even visit the
next food patch together. Secondly, during a temporary association, individuals feed together within
a food patch and leave separately (Sugardjito, te Boekhorst & van Hooff., 1987). Lastly, during consorts,
a receptive female and an adult male (flanged or unflanged) travel together for a certain time period
(Schurmann & van Hooff, 1986; Utami et al., 1997). The motivation for an individual to form an
association can partly be deduced by analysing which type of association took place. Therefore, the
type of association is a first important distinction, which | should make, when analysing the different
associations.

Table 12: The main benefits linked to the formation of associations for the different age-sex classes of

orangutans.
Age-sex classes of orangutans Main benefits for the formation of associations
Infants Social learning (i.e. peering)
Juveniles & adolescents Social learning (i.e. peering)
Social play
Adult females Protection against male sexual coercion
Adult males Opportunities for mating

Second, | would be interested in performing a detailed analysis about the specific behaviors and
activities taking place during an association (Table 13). As for the type of association, each of these
behaviors and activities may (partly) reflect the motivation for an individual to associate and thus the
quality of the association. In addition, different activities may stimulate infants to varying extents.
Therefore, | expect that these behaviors and activities may influence an infant’s exploratory tendency
differently. This can be best illustrated by some examples of behavioral observations in the field. For
instance, when two mother-infant pairs associate with each other, the infants often engage in social
play. When social play occurs, this association is expected to have a positive influence on the cognitive
development of an infant. Since socio-cognitive abilities are needed during play to be able to adjust to
the play partner and the environmental circumstances, social play is expected to develop such socio-
cognitive skills (Kunz, 2015). Another example, when a mother-infant pair is being chased by an
unflanged male and the mother keeps on running away from this unflanged male, it is not expected
that this association will positively influence an infant’s exploratory tendency. In contrast, since the
mother is constantly traveling and the only thing the infant is focused on is trying to keep up with its
mother, the infant will have (almost) no time to perform any kind of object manipulation behavior.
Therefore, dependent on the type of association and specific activities and behaviors, which take place
during an association, an infant’s exploratory tendency is expected to be positively, negatively or
neutrally affected by the association. To conclude, not all associations will be equally beneficial for an
infant’s exploratory tendency.
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Table 13: A list of possible behaviors and activities that may take place during associations. These
behaviors and activities may reflect the motivation of an individual to associate.

List of factors which may have an effect on the exploratory tendency level of an infant

1. Agonistic interactions

Social play

Social learning (i.e. peering and/or begging)
(Forced) copulations

Feeding tolerance

ok wnN

Food sharing/ Co-feeding

Last, it may be important to determine which association partners performed these specific behaviors
and between which association partners social interactions took place, e.g. between a mother and her
infant, between a mother and the association partner etc. Possibly, whether an infant was directly or
indirectly involved in a certain interaction, will also have an influence an infant’s exploratory tendency.

Genetic predispositions to be more exploratory

In a study performed in humans, it was shown that genetic influence accounts for approximately 50%
of the variance between individuals’ cognitive performances (Plomin & Spinath, 2004). However,
developmental inputs are expected to be even more important in the development of an individual’s
cognition (Plomin & Spinath, 2004). For orangutans, the importance of genetic influence on an infant’s
exploratory tendency is vague. Therefore, it would be interesting to determine whether there is a
heritable innate predisposition of exploratory tendency in Sumatran orangutans.

Different measure to include the environmental factor food availability

In my study, no information was included about the infants’ mothers’ home ranges, more specifically
about the quality or productivity of their home ranges. Only the monthly food availability (FAI) was
taken into account as a measurement to represent the changes in food availability in the study area.
However, it would be interesting to have more detailed information about the quality and food
availability of each infant’s mother home range separately. Therefore, in a future research project, |
would like to determine the home range sizes, the position of the home ranges and/or travel distances
of the infants’ mothers, to see whether these factors can be linked with the quality and food availability
of the infants’ mothers’ home ranges. The data on these factors is already available.

Measurement techniques: home range size, position and travel distances
| could use three possible techniques to assess the quality and food availability of an individual’s home
range.

A first possible technique to assess the quality and food availability of an individual’s home range is via
determining an individual’s home rang size. It is expected that the larger an individual’s home range
is, the lower the quality and food availability of the home range will be (van Schaik, Marshall & Wich,
20009; Singleton et al., 2009). However, due to very large home ranges of orangutans and a rather small
study area in Suaq Balimbing, there may be a bias when determining individuals’ home range sizes
(Singleton et al., 2009; Utami et al., 2009).

A second possible technique to assess the quality and food availability of an individual’s home range is
via determining the position of an individual’s home range in the study area. As mentioned before,
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every month the phenology of the study area is determined. Concrete, approximately 1500 trees are
checked for the presence and abundance of flowers, fruit and young leaves. In this way, the temporal
(monthly) variation in food availability and forest productivity is assessed. The study area is divided
into two phenology plots, one going from west to east, and one going from south to north. In this way,
gradients of food availability throughout the study area can be determined. By assessing which
individuals live more to e.g. the north or the south of the study area, which can easily be done through
the collected GPS data, an estimation can be made about the quality and food availability of an
individual’s home range (Figure 23).

A third possible technique to assess the quality and food availability of an individual’s home range is
via daily travel distances of individuals (van Schaik, Marshall & Wich, 2009). Dependent on which
habitat type orangutans are habituated in, they use a different tactic to cope with lower food
availability (Knott, 1998). Since Suaqg Balimbing is a peat swamp forest where orangutans aim to
maximize their energy intake by resting little and increase feeding or traveling in search for the fruit
species which are fruiting (Knott, 1998), | expect that in periods with lower fruit availability, the travel
distances will be longer compared to periods with higher fruit availability. Since orangutans are usually
followed from their morning until their evening nest, and observers collect every 30-minutes GPS data
about the individual’s daily traveling, travel distances can be calculated for each follow day for each
individual. Therefore, | expect that individuals, who overall have shorter travel distances, will have a
better quality home range with higher fruit availability. To conclude, all three techniques could be used
to assess the quality and food availability of an individual’s home range.
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Figure 23: The position of individuals’ home ranges in the study area of
Suaqg Balimbing, as a measurement technique to determine the quality of
individuals’ home ranges.
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Conclusion for future research questions

In my study, | investigated different factors, which were expected to influence (1) an infant’s mother’s
sociability and (2) an infant’s exploratory tendency. However, there are still a number of other factors,
which may influence these two characteristics.

First, the innate predisposition of an infant’s mother to be more or less sociable may have an important
effect on an infant’s mother’s sociability. Second, the personality of both the infants as well their
mothers, the identity of association partners and the motivation for the formation of associations and
the genetic predisposition to have a higher exploratory tendency may have an important effect on an
infant’s exploratory tendency.

In addition, | also summarized three techniques that could be used to determine the quality of an
individual’s home range. By making use of these techniques, more detailed information about the
quality of an infant’s mother home range could be determined. Also, the effect of the quality of an
infant’s mother’s home range on an infant’s mother’s sociability and an infant’s exploratory tendency
could be investigated.

However, as a consequence of time limitations, these factors and techniques could not be included in
my study. Therefore, | would be interested to investigate these factors in a following up research
project.

66



Acknowledgements

This research report would never have been written without the support and help of many people. At
first, | would like to thank the people of the University of Ziirich who gave me the opportunity to
perform my minor research internship under their supervision at the study area Suaq Balimbing.
Observing orangutans in the wild was a dream coming true. | thank the local authorities TNGL (Taman
Nasional Gunung Leuser) to give their permission to conduct research activities in the Kluet region of
the Gunung Leuser National Park, Sumatra, Indonesia. | thank Caroline Schuppli for her knowledge,
advice and support during my research project. She taught me how to observe orangutans in the wild
and | could always rely on her advice and support during every step of this internship. Further, | would
like to thank Liesbeth Sterck and Maria van Noordwijk for their supervision on this project. Thanks too
for dr. Han de Vries for his statistical advice. Further, special thanks go to all the assistants, helpers,
cooks, students and other people who were living in the research camp at Suaq Balimbing. Initially, for
their support and help during the fieldwork but also for their enthusiasm and happiness which made
this internship an unforgettable experience.

67



References
van Adrichem, G. G., Utami, S. S., Wich, S. A., van Hooff, J. A., & Sterck, E. H. (2006). The development of wild
infant Sumatran orangutans (Pongo abelii) at Ketambe. Primates, 47(4), 300-309.

Altmann, J. (1974). Observational study of behavior: sampling methods. Behavior, 49(3), 227-266.
Altmann J. (1980). Baboons, mothers and infants. Cambridge, MA: Harvard University Press.

Amrein, M., Heistermann, M., & Weingrill, T. (2014). The effect of fission—fusion zoo housing on hormonal and
behavioral indicators of stress in Bornean orangutans (Pongo pygmaeus). International Journal of
Primatology, 35(2), 509-528.

Anderson, L. W., Krathwohl, D. R., Airasian, P., Cruikshank, K., Mayer, R., Pintrich, P., ... & Wittrock, M. (2001).
A taxonomy for learning, teaching and assessing: A revision of Bloom’s taxonomy. New York.
Development of a cognitive-metacognitive framework for protocol analysis of mathematical problem
solving in small groups. Cognition and Instruction, 9(2), 137-175.

Anderson, D. P., Nordheim, E. V., Boesch, C., & Moermond, T. C. (2002). Factors influencing fission-fusion
grouping in chimpanzees in the Tai National Park, Céte d’lvoire. Behavioral diversity in chimpanzees
and bonobos. Cambridge University Press, Cambridge, 90-101.

Arora, N., van Noordwijk, M. A., Ackermann, C., Willems, E. P., Nater, A., Greminger, M., ... & Perwitsara-
Farajallah, D. Y. A. H. (2012). Parentage-based pedigree reconstruction reveals female matrilineal
clusters and male-biased dispersal in nongregarious Asian great apes, the Bornean orang-utans (Pongo
pygmaeus). Molecular Ecology, 21(13), 3352-3362.

Barr, R., & Hayne, H. (2003). It's not what you know, it's who you know: Older siblings facilitate imitation during
infancy. International Journal of Early Years Education, 11(1), 7-21.

Berman, C. M. (1984). Variation in mother-infant relationships: traditional and non-traditional factors. Female
primates: Studies by women primatologists.

Blough, P. M. (1989). Attentional priming and visual search in pigeons. Journal of Experimental Psychology:
Animal Behavior Processes, 15(4), 358.

Broberg, A. G., Wessels, H., Lamb, M. E., & Hwang, C. P. (1997). Effects of day care on the development of
cognitive abilities in 8-year-olds: A longitudinal study. Developmental psychology, 33(1), 62.

Buij, R., Wich, S. A., Lubis, A. H., & Sterck, E. H. M. (2002). Seasonal movements in the Sumatran orangutan
(Pongo pygmaeus abelii) and consequences for conservation. Biological Conservation, 107(1), 83-87.

Burkart, J. M., Schubiger, M. N., & van Schaik, C. P. (2017). Future directions for studying the evolution of
general intelligence. Behavioral and Brain Sciences, 40.

Caldwell, C., & Whiten, A. (2007). Primates in perspective.

Carere, C., & Locurto, C. (2011). Interaction between animal personality and animal cognition. Current
Zoology, 57(4), 491-498.

Carter, A. J., Marshall, H. H., Heinsohn, R., Cowlishaw, G. (2012). How not to measure boldness: novel object

68



and antipredator responses are not the same in wild baboons. Animal Behaviour, 84(3), 603-609.
Cawthon Lang, K. A. (2005). Primate Factsheets: Orangutan (Pongo) Behavior.

Chapman, C. (1988). Patch use and patch depletion by the spider and howling monkeys of Santa Rosa National
Park, Costa Rica. Behavior, 105(1), 99-116.

Chapman, C. A. (1990). Ecological constraints on group size in three species of neotropical primates. Folia
Primatologica, 55(1), 1-9.

Chapman, C. A., Chapman, L. J., & Wrangham, R. W. (1995). Ecological constraints on group size: an analysis of
spider monkey and chimpanzee subgroups. Behavioral Ecology and Sociobiology, 36(1), 59-70.

Clutton-Brock, T. H. (1991). The evolution of parental care. Princeton University Press.

Cordoni, G., & Palagi, E. (2011). Ontogenetic trajectories of chimpanzee social play: similarities with
humans. PLoS One, 6(11), e27344.

Cromwell, H. C., & Panksepp, J. (2011). Rethinking the cognitive revolution from a neural perspective: how
overuse/misuse of the term ‘cognition’and the neglect of affective controls in behavioral neuroscience
could be delaying progress in understanding the BrainMind. Neuroscience & Biobehavioral
Reviews, 35(9), 2026-2035.

Custance, D. M., Whiten, A., & Fredman, T. (2002). Social learning and primate reintroduction. International
Journal of Primatology, 23(3), 479-499.

Dalet, D. (2007). D-maps. Retrieved from www.d-maps.com.

Deaner, R. O., van Schaik, C. P., & Johnson, V. (2006). Do some taxa have better domain-general cognition than
others? A meta-analysis of nonhuman primate studies. Evolutionary Psychology, 4(1),
147470490600400114.

Delgado, R. A., & van Schaik, C. P. (2000). The behavioral ecology and conservation of the orangutan (Pongo
pygmaeus): a tale of two islands. Evolutionary Anthropology: Issues, News, and Reviews, 9(5), 201-218.

Di Bitetti, M. S., & Janson, C. H. (2000). When will the stork arrive? Patterns of birth seasonality in neotropical
primates. American Journal of Primatology, 50(2), 109-130.

Dictionary, C. (2008). Cambridge Advanced Learner’s Dictionary.

Dindo, M., Stoinski, T., & Whiten, A. (2010). Observational learning in orangutan cultural transmission
chains. Biology Letters, rsbl20100637.

Dufour, D. L., & Sauther, M. L. (2002). Comparative and evolutionary dimensions of the energetics of human
pregnancy and lactation. American Journal of Human Biology, 14(5), 584-602.

Eckert, C. G., & Weatherhead, P. J. (1987). Ideal dominance distributions: a test using red-winged blackbirds
(Agelaius phoeniceus). Behavioral Ecology and Sociobiology, 20(1), 43-52.

Edwards, S. D., & Snowdon, C. T. (1980). Social behavior of captive, group-living orangutans. International
Journal of Primatology, 1(1), 39-62.

69


http://d-maps.com/carte.php?lib=world_pacific_ocean_centered_map&num_car=3228&lang=en

Elder, C. M., & Menzel, C. R. (2001). Dissociation of cortisol and behavioral indicators of stress in an orangutan
(Pongo pygmaeus) during a computerized task. Primates, 42(4), 345-357.

Fairbanks, L. A. (1996). Individual differences in maternal style: causes and consequences for mothers and
infant. Advances in the Study of Behavior, 25, 579-611

Fairbanks, L. (2000). Maternal investment throughout the life span in Old World monkeys. Old world monkeys,
341-367.

Fairbanks, L. A., & McGuire, M. T. (1993). Maternal protectiveness and response to the unfamiliar in vervet
monkeys. American Journal of Primatology, 30(2), 119-129.

Falkner, S. (2015). Mother-infant Conflict in orangutans: Disentangling different contexts of mother-infant
conflict in Sumatran and Bornean orangutans. Unpublished Master thesis, Zurich.

Fernandes, D. P. B., da Silva, I. J. O., Nazareno, A. C., & Donofre, A. C. (2015). Farm animals's cognition and the
tests used on its evaluation. JABB-Online Submission System, 3(1), 9-19.

Fessler, D. M., Navarrete, C. D., Hopkins, W., & lzard, M. K. (2005). Examining the terminal investment
hypothesis in humans and chimpanzees: associations among maternal age, parity, and birth
weight. American Journal of Physical Anthropology, 127(1), 95-104.

Forss, S. I., Schuppli, C., Haiden, D., Zweifel, N., & van Schaik, C. P. (2015). Contrasting responses to novelty by
wild and captive orangutans. American journal of primatology, 77(10), 1109-1121.

Fox, E. A. (2002). Female tactics to reduce sexual harassment in the Sumatran orangutan (Pongo pygmaeus
abelii). Behavioral Ecology and Sociobiology, 52(2), 93-101.

Fox, E. A., van Schaik, C. P., Sitompul, A., & Wright, D. N. (2004). Intra-and interpopulational differences in
orangutan (Pongo pygmaeus) activity and diet: implications for the invention of tool use. American
Journal of Physical Anthropology, 125(2), 162-174.

Fox, E. A., Sitompul, A. F., & van Schaik, C. P. (1999). Intelligent tool use in wild Sumatran orangutans. The
mentality of gorillas and orangutans, 99-116.

Fragaszy, D. M., & Perry, S. (Eds.). (2008). The biology of traditions: models and evidence. Cambridge University
Press.

Franklin, A. B., Anderson, D. R., Gutiérrez, R. J., & Burnham, K. P. (2000). Climate, habitat quality, and fitness in
northern spotted owl populations in northwestern California. Ecological Monographs, 70(4), 539-590.

Galdikas, B. M. (1985). Adult male sociality and reproductive tactics among orangutans at Tanjung Puting. Folia
Primatologica, 45(1), 9-24.

Galdikas, B. M. (1988). Orangutan diet, range, and activity at Tanjung Puting, Central Borneo. International
Journal of Primatology, 9(1), 1-35.

Galdikas, B. M. (1995). Social and reproductive behavior of wild adolescent female orangutans. In The
neglected ape (pp. 163-182). Springer US.

Galdikas, B. M., & Wood, J. W. (1990). Birth spacing patterns in humans and apes. American Journal of Physical

70



Anthropology, 83(2), 185-191.

Gladden, P.R,, Figueredo, A. )., & Jacobs, W. J. (2009). Life history strategy, psychopathic attitudes, personality,
and general intelligence. Personality and Individual Differences, 46(3), 270-275.

Glazko, G. V., & Nei, M. (2003). Estimation of divergence times for major lineages of primate species. Molecular
biology and evolution, 20(3), 424-434.

Gittlean, J. L., & Thompson, S. D. (1988). Energy allocation in mammalian reproduction. American zoologist,
28(3), 863-875.

Gold, K. C. (1992). Nonsocial behavior of captive infant gorillas. American Journal of Primatology, 26(1), 65-72.
Goodall, J. (1986). The chimpanzees of Gombe: Patterns of behavior.

Gosling, S. D. (2001). From mice to men: what can we learn about personality from animal research?.
Psychological bulletin, 127(1), 45.

Grehan, J. R., & Schwartz, J. H. (2009). Evolution of the second orangutan: phylogeny and biogeography of
hominid origins. Journal of Biogeography, 36(10), 1823-1844.

Groos, K. (1898). The play of animals. D. Appleton.

Groothuis, T. G., & Carere, C. (2005). Avian personalities: characterization and epigenesis. Neuroscience &
Biobehavioral Reviews, 29(1), 137-150.

Hansen, E. W. (1966). The development of maternal and infant behavior in the rhesus monkey. Behavior, 27(1),
107-148.

Harrison, M. E., Kursani, S., Hendri, P. A., & Husson, S. J. (2011). Baseline Flora Assessment and Preliminary
Monitoring Protocol in the Katingan Peat Swamp, Central Kalimantan, Indonesia. Report produced by
the Orangutan Tropical Peatland Project for PT. Rimba Makmur Utama/PT. Starling Asia, Palangka
Raya, Indonesia.

Harrison, M. E., Morrogh-Bernard, H. C., & Chivers, D. J. (2010). Orangutan energetics and the influence of fruit
availability in the nonmasting peat-swamp forest of Sabangau, Indonesian Borneo. International
Journal of Primatology, 31(4), 585-607.

Schirmann, C. L., & van Hooff, J. A. (1986). Reproductive strategies of the orang-utan: new data and a
reconsideration of existing sociosexual models. International Journal of Primatology, 7(3), 265-287.

Hetherington, E. M., Parke, R. D., & Locke, V. O. (1999). Child psychology: A contemporary viewpoint. McGraw-
Hill.

Heyes, C. (2012). New thinking: the evolution of human cognition.

Humphrey, L. T. (2010, June). Weaning behavior in human evolution. In Seminars in cell & developmental
biology (Vol. 21, No. 4, pp. 453-461). Academic Press.

Hirshfield, M. F., & Tinkle, D. W. (1975). Natural selection and the evolution of reproductive effort. Proceedings
of the National Academy of Sciences, 72(6), 2227-2231.

71



Hoffman, C. L., Higham, J. P., Mas-Rivera, A., Ayala, J. E., & Maestripieri, D. (2010). Terminal investment and
senescence in rhesus macaques (Macaca mulatta) on Cayo Santiago. Behavioral Ecology, 21(5), 972-
978.

Husson, S. J., Wich, S. A., Marshall, A. J., Dennis, R. D., Ancrenaz, M., Brassey, R., ... & noo, I. (2009). Orangutan
distribution, density, abundance and impacts of disturbance. Orangutans: Geographic variation in
behavioral ecology and conservation, 77-96.

Jaeggi, S. M., Buschkuehl, M., Jonides, J., & Perrig, W. J. (2008). Improving fluid intelligence with training on
working memory. Proceedings of the National Academy of Sciences, 105(19), 6829-6833.

Jaeggi, A. V., Dunkel, L. P., van Noordwijk, M. A., Wich, S. A,, Sura, A. A., & van Schaik, C. P. (2010). Social
learning of diet and foraging skills by wild infant Bornean orangutans: implications for
culture. American Journal of Primatology, 72(1), 62-71.

Jolly, A. (1985). The evolution of primate behavior: a survey of the primate order traces the progressive
development of intelligence as a way of life. American Scientist, 73(3), 230-239.

Kahlenberg, S. M., Thompson, M. E., Muller, M. N., & Wrangham, R. W. (2008). Immigration costs for female
chimpanzees and male protection as an immigrant counterstrategy to intrasexual aggression. Animal
behavior, 76(5), 1497-1509.

Kaplan, J. (1972). Differences in the mother-infant relations of squirrel monkeys housed in social and restricted
environments. Developmental Psychobiology, 5(1), 43-52.

King, G. E. (2015). Primate Behavior and Human Origins. Routledge.

Knott, C. D. (1998). Changes in orangutan caloric intake, energy balance, and ketones in response to fluctuating
fruit availability. International Journal of Primatology, 19(6), 1061-1079.

Knott, C. D. (1999). Orangutan behavior and ecology. The nonhuman primates, 50-57.

Knott, C. D. (2001). Female reproductive ecology of the apes: implications for human evolution. Reproductive
ecology and human evolution, 429-463.

Knott, C. D. (2011). Orangutans. The International Encyclopedia of Human Sexuality.

Knott, C.D., Beaudrot, L., Snaith, T., White, S., Tschauner, H., & Planansky, G. (2008). Female-female
competition in Bornean orangutans. International Journal of Primatology, 29(4), 975-997.

Koenig, A., Borries, C., Chalise, M.K., & Winkler, P. (1997). Ecology, nutrition, and the timing of reproductive
events in an Asian primate, the Hanuman langur (Presbytis entellus). Journal of Zoology, London, 213,
409-22.

Knott, C. D., Thompson, M. E., Stumpf, R. M., & McIntyre, M. H. (2010). Female reproductive strategies in
orangutans, evidence for female choice and counterstrategies to infanticide in a species with frequent
sexual coercion. Proceedings of the Royal Society of London B: Biological Sciences, 277(1678), 105-113.

Komdeur, J., Daan, S., Tinbergen, J., & Mateman, C. (1997). Extreme adaptive modification in sex ratio of the
Seychelles warbler's eggs. Nature, 385(6616), 522-525.

72



Komdeur, J., Huffstadt, A., Prast, W., Castle, G., Mileto, R., & Wattel, J. (1995). Transfer experiments of
Seychelles warblers to new islands: changes in dispersal and helping behavior. Animal Behavior, 49(3),
695-708.

Koolhaas, J. M., Korte, S. M., De Boer, S. F., Van Der Vegt, B. J., Van Reenen, C. G., Hopster, H., ... & Blokhuis,
H. J. (1999). Coping styles in animals: current status in behavior and stress-physiology. Neuroscience &
Biobehavioral Reviews, 23(7), 925-935.

Koops, K., Furuichi, T., & Hashimoto, C. (2015). Chimpanzees and bonobos differ in intrinsic motivation for tool
use. Scientific reports, 5.

Kunz, J. (2015). Ontogeny and Variability of Play Behavior in Wild, Infant Bornean (Pongo pygmaeus wurmbii)
and Sumatran Orangutans (Pongo abelii). Unpublished Master thesis, Zurich.

Lee, J. H., Hwang, Y., Cheon, K. A., & Jung, H. I. (2012). Emotion-on-a-chip (EOC): Evolution of biochip
technology to measure human emotion using body fluids. Medical hypotheses, 79(6), 827-832.

Lee, P. C.,, & Moss, C. J. (1986). Early maternal investment in male and female African elephant
calves. Behavioral Ecology and Sociobiology, 18(5), 353-361.

Leighton, M. (1993). Modeling dietary selectivity by Bornean orangutans: evidence for integration of multiple
criteria in fruit selection. International Journal of Primatology, 14(2), 257-313.

Lewis, K. P., & Barton, R. A. (2006). Amygdala size and hypothalamus size predict social play frequency in
nonhuman primates: a comparative analysis using independent contrasts. Journal of Comparative
Psychology, 120(1), 31.

Locke, D. P., Hillier, L. W., Warren, W. C., Worley, K. C., Nazareth, L. V., Muzny, D. M., ... & Mitreva, M. (2011).
Comparative and demographic analysis of orang-utan genomes. Nature, 469(7331), 529-533.

Lonsdorf, E. V. (2006). What is the role of mothers in the acquisition of termite-fishing behaviors in wild
chimpanzees (Pan troglodytes schweinfurthii)?. Animal cognition, 9(1), 36-46.

Lonsdorf, E. V., Anderson, K. E., Stanton, M. A., Shender, M., Heintz, M. R., Goodall, J., & Murray, C. M. (2014).
Boys will be boys: sex differences in wild infant chimpanzee social interactions. Animal behaviour, 88,
79-83.

Lonsdorf, E. V. Eberly, L E., & Pusey, A. E. (2004). Sex differences in learning in
chimpanzees. Nature, 428(6984), 715-716.

Lonsdorf, E. V., Markham, A. C., Heintz, M. R., Anderson, K. E., Ciuk, D. J., Goodall, J., & Murray, C. M. (2014).
Sex differences in wild chimpanzee behavior emerge during infancy. PLoS One, 9(6), €99099.

Lwanga, J. S. (2002). Ecological and social correlates of chimpanzee party size and composition. Behavioral
diversity in chimpanzees and bonobos, 102.

Mackinnon, J. (1974). The behavior and ecology of wild orangutans (Pongo pygmaeus). Animal Behavior, 22(1),
3-74.

Maestripieri, D. (1995). First steps in the macaque world: do rhesus mothers encourage their infants'

73



independent locomotion?. Animal Behavior, 49(6), 1541-1549.

Maestripieri, D., & Ross, S. R. (2004). Sex differences in play among western lowland gorilla (Gorilla gorilla
gorilla) infants: implications for adult behavior and social structure. American Journal of Physical
Anthropology, 123(1), 52-61.

Maggi, S., Irwin, L. J., Siddiqi, A., & Hertzman, C. (2010). The social determinants of early child development:
an overview. Journal of paediatrics and child health, 46(11), 627-635.

Manduell, K. L., Harrison, M. E., & Thorpe, S. K. (2012). Forest structure and support availability influence
orangutan locomotion in Sumatra and Borneo. American journal of primatology, 74(12), 1128-1142.

Maner, J. K., Miller, S. L., Schmidt, N. B., & Eckel, L. A. (2008). Submitting to defeat: Social anxiety, dominance
threat, and decrements in testosterone. Psychological Science, 19(8), 764-768.

Marshall, A.J., Ancrenaz, M., Brearley, F. Q., Fredriksson, G. M., Ghaffar, N., Heydon, M., ... & Proctor, J. (2009).
The effects of forest phenology and floristics on populations of Bornean and Sumatran
orangutans. Orangutans: Geographic variation in behavioral ecology and conservation. Oxford
University Press, Oxford, 97-117.

Marshall, A. J., Boyko, C. M., Feilen, K. L., Boyko, R. H., & Leighton, M. (2009). Defining fallback foods and
assessing their importance in primate ecology and evolution. American Journal of Physical
Anthropology, 140(4), 603-614.

Marzec, A. M., Kunz, J. A., Falkner, S., Atmoko, S. S. U., Alavi, S. E., Moldawer, A. M., ... & van Noordwijk, M. A.
(2016). The dark side of the red ape: male-mediated lethal female competition in Bornean
orangutans. Behavioral ecology and sociobiology, 70(4), 459-466.

Meyer, J. S., & Hamel, A. F. (2014). Models of stress in nonhuman primates and their relevance for human
psychopathology and endocrine dysfunction. ILAR journal, 55(2), 347-360.

Miller, K. (2013). Evolution of maternal investment strategies for the Bornean orangutan, Pongo pygmaeus
based on environmental risk factors.

Mitani, J. C. (1989). Orangutan activity budgets: monthly variations and the effects of body size, parturition,
and sociality. American Journal of Primatology, 18(2), 87-100.

Mitani, J. C., Watts, D. P., & Lwanga, J. S. (2002). Ecological and social correlates of chimpanzee party size and
composition. In Behavioral Diversity in Chimpanzees and Bonobos, ed. C. Boesch, G. Hohmann, & L. F.
Marchant, pp. 102-11. Cambridge: Cambridge University Press.

Moll, H., & Tomasello, M. (2007). Cooperation and human cognition: the Vygotskian intelligence hypothesis.
Philosophical Transactions of the Royal Society of London B: Biological Sciences, 362(1480), 639-648.

Morrogh-Bernard, H. C., Husson, S. J., Knott, C. D., Wich, S. A., van Schaik, C. P., van Noordwijk, M. A., ... & bin
Sakong, R. (2009). Orangutan activity budgets and diet. Orangutans: Geographic variation in
behavioral ecology and conservation, 119-133.

Morrogh-Bernard, H., Husson, S., Page, S. E., & Rieley, J. O. (2003). Population status of the Bornean orang-
utan (Pongo pygmaeus) in the Sebangau peat swamp forest, Central Kalimantan, Indonesia. Biological

74



Conservation, 110(1), 141-152.

Morrogh-Bernard, H. C., Morf, N. V., Chivers, D. J., & Kriitzen, M. (2011). Dispersal patterns of orangutans
(Pongo spp.) in a Bornean peat swamp forest. International Journal of Primatology, 32(2), 362-376.

Morrow, E. H., Arngvist, G., & Pitnick, S. (2003). Adaptation versus pleiotropy: why do males harm their
mates?. Behavioral Ecology, 14(6), 802-806.

Murray, C. M., Eberly, L. E., & Pusey, A. E. (2006). Foraging strategies as a function of season and rank among
wild female chimpanzees (Pan troglodytes). Behavioral Ecology, 17(6), 1020-1028.

Nelson, M. E., Rejeski, W. J., Blair, S. N., Duncan, P. W., Judge, J. O., King, A. C., ... & Castaneda-Sceppa, C.
(2007). Physical activity and public health in older adults. Recommendation from the American College
of Sports Medicine and the American Heart Association. Circulation.

Nisbett, R. E. (2009). Intelligence and how to get it: Why schools and cultures count. WW Norton & Company.

van Noordwijk, M. A., Arora, N., Willems, E. P., Dunkel, L. P., Amda, R. N., Mardianah, N., ... & van Schaik, C. P.
(2012). Female philopatry and its social benefits among Bornean orangutans. Behavioral Ecology and
Sociobiology, 66(6), 823-834.

van Noordwijk, M. A., Sauren, S.E.B., Nuzuar, Abulani, A., Morrogh-Bernard, H.C., Suci, S.U.A. & van Schaik,
C.P. (2009). Development of independence. Orangutans: Geographic variation in behavioral ecology
and conservation, 189-204.

van Noordwijk, M. A., & van Schaik, C. P. (2005). Development of ecological competence in Sumatran
orangutans. American Journal of Physical Anthropology, 127(1), 79-94.

van Noordwijk, M. A., Willems, E. P., Atmoko, S. S. U., Kuzawa, C. W., & van Schaik, C. P. (2013). Multi-year
lactation and its consequences in Bornean orangutans (Pongo pygmaeus wurmbii). Behavioral ecology
and sociobiology, 67(5), 805-814.

Novak, M. A., Musante, A., Munroe, H., O'Neill, P. L., Price, C., & Suomi, S. J. (1993). Old, socially housed rhesus
monkeys manipulate objects. Zoo biology, 12(3), 285-298.

Nowell, A. A., & Fletcher, A. W. (2007). Development of independence from the mother in Gorilla (gorilla
gorilla). International Journal of Primatology, 28(2), 441-455.

Olupot, W., Chapman, C. A., Waser, P. M., & Isabirye-Basuta, G. (1997). Mangabey (Cercocebus albigena)
ranging patterns in relation to fruit availability and the risk of parasite infection in Kibale National Park,
Uganda. American Journal of Primatology, 43, 65—78.

O'Neill, P. L., & Price, C. S. (1991). Customizing an enrichment program: rhesus monkeys. Lab animal.

Overington, S. E., Morand-Ferron, J., Boogert, N. J., & Lefebvre, L. (2009). Technical innovations drive the
relationship between innovativeness and residual brain size in birds. Animal Behaviour, 78(4), 1001-
1010.

Part, T., Gustafsson, L., & Moreno, J. (1992). " Terminal investment" and a sexual conflict in the collared
flycatcher (Ficedula albicollis). The American Naturalist, 140(5), 868-882

75



Paul, A., Kuester, J., & Podzuweit, D. (1993). Reproductive senescence and terminal investment in female
Barbary macaques (Macaca sylvanus) at Salem. International Journal of Primatology, 14(1), 105-124.

Phillips, A. C. (2012). Locomotor development and gap crossing behavior in Bornean orangutans (Pongo
pygmaeus) (Doctoral dissertation, University of Birmingham).

Plomin, R. & Spinath, F. M. Intelligence: genetics, genes, and genomics. Journal of personality and social
psychology 86, 112 (2004)

Power, T. G. (1999). Play and exploration in children and animals. Psychology Press.
Prat, C.S., & Just, M. A. (2008). Brain bases of individual differences in cognition. Psychological Science Agenda.

Prentice, A. M., & Whitehead, R. G. (1987). The energetics of human reproduction. In Symposia of the
zoological society of London (Vol. 75, pp. 275-304).

Pugesek, B. H. (1981). Increased reproductive effort with age in the California gull (Larus
californicus). Science, 212(4496), 822-823.

Pugesek, B. H., Nations, C., Diem, K. L., & Pradel, R. (1995). Mark-resighting analysis of a California gull
population. Journal of Applied Statistics, 22(5-6), 625-640.

Rapaport, L. G., & Brown, G. R. (2008). Social influences on foraging behavior in young nonhuman primates:
learning what, where, and how to eat. Evolutionary Anthropology: Issues, News, and Reviews, 17(4),
189-201.

Reader, S. M., Hager, Y., & Laland, K. N. (2011). The evolution of primate general and cultural
intelligence. Philosophical Transactions of the Royal Society of London B: Biological
Sciences, 366(1567), 1017-1027.

Réale, D., Reader, S. M., Sol, D., McDougall, P. T., & Dingemanse, N. J. (2007). Integrating animal temperament
within ecology and evolution. Biological reviews, 82(2), 291-318.

Rijksen, H. D. (1978). A fieldstudy on Sumatran Orang Utans (Pougo pygmaeus abelii Lesson 1827): ecology,
behavior and conservation (Doctoral dissertation, Veenman).

Rodman, P. S. (1973). Population composition and adaptive organisation among orangutans of the Kutai
Reserve. Comparative ecology and behavior of primates, 171-209.

Rodman, P. S. (1979). Individual activity patterns and the solitary nature of orangutans. The great apes, 234-
255.

Rodman, P. S. (1988). Diversity and consistency in ecology and behavior. Orang-utan biology. New York: Oxford
University Press. p, 31-51.

Rodman, P. S., Mitani, J.C. (1987). Orangutans, sexual dimorphism in a solitary species. Primate societies, 146-
154.

Russon, A. E. (1998). The nature and evolution of intelligence in orangutans (Pongo
pygmaeus). Primates, 39(4), 485-503.

76



Russon, A. E. (2002). Return of the native: cognition and site-specific expertise in orangutan
rehabilitation. International Journal of Primatology, 23(3), 461-478.

Russon, A. E., & Begun, D. R. (2004). 19¢ Evolutionary origins of great ape intelligence: an integrated view. The
evolution of thought: Evolutionary origins of great ape intelligence, 353.

Russon, A. E., van Schaik, C. P., Kuncoro, P., Ferisa, A., Handayani, D. P., & van Noordwijk, M. A. (2009).
Innovation and intelligence in orangutans. Orangutans: Geographic variation in behavioral ecology and
conservation, 279-298.

Seether, B. E., Andersen, R., & Pedersen, H. C. (1993). Regulation of parental effort in a long-lived seabird an
experimental manipulation of the cost of reproduction in the Antarctic petrel, Thalassoica
antarctica. Behavioral Ecology and Sociobiology, 33(3), 147-150.

Salmon, C. A., & Shackelford, T. K. (Eds.). (2007). Family relationships: An evolutionary perspective. Oxford
University Press.

Sanchez-Moreno, C., Larrauri, J. A., & Saura-Calixto, F. (1998). A procedure to measure the antiradical efficiency
of polyphenols. Journal of the Science of Food and Agriculture, 76(2), 270-276.

van Schaik, C. P. (1999). The socioecology of fission-fusion sociality in orangutans. Primates, 40(1), 69-86.

van Schaik, C. P. (2000). Securing a future for the wild orangutan. In The Apes: Challenges for the 21st Century,
Conference Proceedings, 10 (pp. 29-35).

van Schaik, C. (2006). Why are some animals so smart. Scientific American, 294(4), 64-71.

van Schaik, C. P., Ancrenaz, M., Borgen, G., Galdikas, B., Knott, C. D., Singleton, I., ... & Merrill, M. (2003).
Orangutan cultures and the evolution of material culture. Science, 299(5603), 102-105.

van Schaik, C. P., & Burkart, J. M. (2011). Social learning and evolution: the cultural intelligence hypothesis.
Philosophical Transactions of the Royal Society of London B: Biological Sciences, 366(1567), 1008-1016.

van Schaik, C. P., Deaner, R. O., & Merrill, M. Y. (1999). The conditions for tool use in primates: implications for
the evolution of material culture. Journal of Human Evolution, 36(6), 719-741.

van Schaik, C. P., & Van Hooff, J. A. R. A. M. (1996). Toward an understanding of the orangutan’s social
system. Great ape societies, 3-15

van Schaik, C. P., & Knott, C. D. (2001). Geographic variation in tool use on Neesia fruits in
orangutans. American Journal of Physical Anthropology, 114(4), 331-342.

van Schaik, C. P., Marshall, A. J., & Wich, S. A. (2009). Geographic variation in orangutan behavior and biology.
Orangutans: Geographic variation in behavioral ecology and conservation, 351-361.

van Schaik, C. P. & van Noordwijk, M. A. (1985). Interannual variability in fruit abundance and the reproductive
seasonality in Sumatran long-tailed macaques (Macaca fascicularis). Journal of Zoology, London,
206(4), 533-549.

van Schaik, C. P., van Noordwijk, M. A., & Vogel, E. R. (2009). Ecological sex differences in wild
orangutans. Orangutans: Geographic variation in behavioral ecology and conservation, 49-64.

77



van Schaik, C. P., Priatna, A., & Priatna, D. (1995). Population estimates and habitat preferences of orangutans
based on line transects of nests. In The neglected ape (pp. 129-147). Springer US.

van Schaik, C. P., & Rao, M. (1997). The behavioral ecology of Sumatran orangutans in logged and unlogged
forest. Tropical Biodiversity, 4(2), 173-185

Schuetz, A., Farmer, K., & Krueger, K. (2017). Social learning across species: horses (Equus caballus) learn from
humans by observation. Animal cognition, 20(3), 567-573.

Schuppli, C., Forss, S. |, Meulman, E. J., Atmoko, S. S. U., van Noordwijk, M. A., & van Schaik, C. P. (2016).
Sociability positively affects exploratory tendency and innovation repertoires in orangutans.
Manuscript submitted for publication.

Schuppli, C., Forss, S. I, Meulman, E. J., Zweifel, N., Lee, K. C., Rukmana, E., ... & van Schaik, C. P. (2016).
Development of foraging skills in two orangutan populations: needing to learn or needing to
grow?. Frontiers in Zoology, 13(1), 43.

Schuppli, C., Isler, K., & van Schaik, C. P. (2012). How to explain the unusually late age at skill competence
among humans. Journal of human evolution, 63(6), 843-850.

Schuppli, C., Meulman, E. J., Forss, S. I., Aprilinayati, F., van Noordwijk, M. A., & van Schaik, C. P. (2016).
Observational social learning and socially induced practice of routine skills in infant wild
orangutans. Animal Behavior, 119, 87-98.

Setia, M.T., Delgado, R. A., Utami, S. S., Singleton, I., & van Schaik, C. P. (2009). Social organization and male-
female relationships. Orangutans: Geographic variation in behavioral ecology and conservation, 245-
253.

Sih, A., Bell, A., & Johnson, J. C. (2004). Behavioral syndromes: an ecological and evolutionary overview. Trends
in ecology & evolution, 19(7), 372-378.

Singleton, I., Knott, C.D., Morrogh-Bernard, H.C., Wich, S.A. & van Schaik, C.P. (2009). Ranging behavior of
orangutan females and social organization. Orangutans: Geographic variation in behavioral ecology
and conservation, 205-213.

Singleton, I., & van Schaik, C. P. (2001). Orangutan home range size and its determinants in a Sumatran swamp
forest. International Journal of Primatology, 22(6), 877-911

Singleton, ., & van Schaik, C. P. (2002). The social organisation of a population of Sumatran orangutans. Folia
Primatologica, 73(1), 1-20.

Smith, B.R., Blumstein; D.T. (2013). Animal personality and conservation biology: the importance of behavioral
diversity. In: Carere C, Maestripieri D. Animal personalities: Behavior, physiology, and evolution.
Chicago,IL: University of Chicago Press. 379—411.

Spinka, M., Newberry, R. C., & Bekoff, M. (2001). Mammalian play: training for the unexpected. The Quarterly
review of biology, 76(2), 141-168.

Stanford, C. B., & Nkurunungi, J. B. (2003). Behavioral ecology of sympatric chimpanzees and gorillas in Bwindi
Impenetrable National Park, Uganda: diet. International Journal of Primatology, 24(4), 901-918.

78



Starin, E. D. (1990). Object manipulation by wild red colobus monkeys living in the Abuko Nature Reserve, The
Gambia. Primates, 31(3), 385-391.

Steiper, M. E., Wolfe, N. D., Karesh, W. B., Kilbourn, A. M., Bosi, E. J., & Ruvolo, M. (2005). The population
genetics of the a-2 globin locus of orangutans (Pongo pygmaeus). Journal of molecular evolution, 60(3),
400-408.

Sugardjito, J., te Boekhorst, I. J., & van Hooff, J. A. (1987). Ecological constraints on the grouping of wild
orangutans (Pongo pygmaeus) in the Gunung Leuser National Park, Sumatra, Indonesia. International
Journal of Primatology, 8(1), 17-41.

Sutton-Smith, B., & Rosenberg, B. G. (1970). The sibling New York: Holt, Rinehart and Winston.

te Boekhorst, I. J., Schiirmann, C. L., & Sugardjito, J. (1990). Residential status and seasonal movements of wild
orangutans in the Gunung Leuser Reserve (Sumatera, Indonesia). Animal Behavior, 39(6), 1098-1109.

Teti, D. M., Bond, L. A, & Gibbs, E. D. (1986). Sibling-created experiences: Relationships to birth-spacing and
infant cognitive development. Infant Behavior and Development, 9(1), 27-42.

Thompson, E.M. (2005). Reproductive endocrinology of wild female chimpanzees (Pan troglodytes
schweinfurthii): methodological considerations and the role of hormones in sex and
conception. American Journal of Primatology, 67(1), 137-158.

Thompson, M. E., Jones, J. H., Pusey, A. E., Brewer-Marsden, S., Goodall, J., Marsden, D., ... & Wrangham, R.
W. (2007). Aging and fertility patterns in wild chimpanzees provide insights into the evolution of
menopause. Current Biology, 17(24), 2150-2156.

Tilson, R. (1993). Orangutan population and habitat viability analysis report. In Proc Orangutan Population and
Habitat Viability Analysis Workshop, Medan, Indonesia, 18-20 Jan 1993.

Trillmich, F. (1986). Maternal investment and sex-allocation in the Galapagos fur seal, Arctocephalus
galapagoensis. Behavioral Ecology and Sociobiology, 19(3), 157-164.

Trivers, R. (1972). Parental investment and sexual selection (Vol. 136, p. 179). Cambridge, MA: Biological
Laboratories, Harvard University.

Utami, S. S. (2000). Bimaturism in Orangutan Males: Reproductive and EcologicalStrategies. Unpublished Ph.D.
thesis, Utrecht University

Utami, S. S., Singleton, I., van Noordwijk, M. A., van Schaik, C. P., & Mitra Setia, T. (2009). Male-male
relationships in orangutans. Orangutans: geographic variation in behavioral ecology and conservation.
Oxford University Press, New York, 225-234.

Utami, S. S., Wich, S. A., Sterck, E. H., & Van Hooff, J. A. (1997). Food competition between wild orangutans in
large fig trees. International Journal of Primatology, 18(6), 909-927.

Visalberghi, E. (1988). Responsiveness to objects in two social groups of tufted capuchin monkeys (Cebus
apella). American Journal of Primatology, 15(4), 349-360.

Von Eckardt, B. (1999). Mental representation. The MIT Encyclopedia of Cognitive Sciences, 527-529.

79



Vygotsky, L. (1978). Interaction between learning and development. Readings on the development of children,
23(3), 34-41.

Weingrill, T., Willems, E. P., Zimmermann, N., Steinmetz, H., & Heistermann, M. (2011). Species-specific
patterns in fecal glucocorticoid and androgen levels in zoo-living orangutans (Pongo spp.). General and
comparative endocrinology, 172(3), 446-457.

Wich, S. A., Atmoko, S. S. U., Setia, T. M., & van Schaik, C. P. (Eds.). (2010). Orangutans: geographic variation
in behavioral ecology and conservation. OUP Oxford

Wich, S. A., Geurts, M. L., & Mitra, T. (2006). Influence of fruit availability on Sumatran orangutan sociality and
reproduction. Feeding ecology in apes and other primates, 48, 337

Wich, S. A., Meijaard, E., Marshall, A. J., Husson, S., Ancrenaz, M., Lacy, R. C., ... & Doughty, M. (2008).
Distribution and conservation status of the orang-utan (Pongo spp.) on Borneo and Sumatra: how
many remain?. Oryx, 42(3), 329-339.

Wich, S. A., & van Schaik, C. V. (2000). The impact of El Nino on mast fruiting in Sumatra and elsewhere in
Malesia. Journal of Tropical Ecology, 16(04), 563-577.

Wich, S. A., Utami, S. S., Setia, T. M., Rijksen, H. D., Schiirmann, C., Van Hooff, J. A. R. A. M., & van Schaik, C. P.
(2004). Life history of wild Sumatran orangutans (Pongo abelii). Journal of human evolution, 47(6), 385-
398.

Wilcoxon, H. C. (1969). Visual self-stimulation in socially-living rhesus monkeys. Proceedings of the Second
International Congress of Primatology 1: 261-266.

Williams, G. C. (1966). Natural selection, the costs of reproduction, and a refinement of Lack's principle. The
American Naturalist, 100(916), 687-690.

Williams, J. M., Pusey, A. E., Carlis, J. V., Farm, B. P., & Goodall, J. (2002). Female competition and male
territorial behavior influence female chimpanzees' ranging patterns. Animal Behavior, 63(2), 347-360.

Williamson, D. K., & Dunbar, R. (2001). 12 Energetics, time budgets and group size. Comparative primate
socioecology, 22, 320.

Wilson, D. S., Clark, A. B., Coleman, K., Dearstyne, T. (1994). Shyness and boldness in humans and other
animals. Trends in Ecology & Evolution, 9(11), 442-446.

Wolfheim, J. H., Jensen, G. D., & Bobbitt, R. A. (1970). Effects of group environment on the mother-infant
relationship in pigtailed monkeys (Macaca nemestrina). Primates, 11(2), 119-124.

Wrangham, R. W. (1980). An ecological model of female-bonded primate groups. Behavior, 75(3), 262-300.
Wright, S. (1988). Surfaces of selective value revisited. The American Naturalist, 131(1), 115-123.

Zukow, P. G. (1989). Siblings as effective socializing agents: Evidence from Central Mexico. In Sibling interaction
across cultures (pp. 79-105). Springer New York.

80



Appendix

Appendix A: Tree phenology monitoring protocol.

Tree phenology monitoring

To assess temporal variation in food availability and forest productivity in a study site c. 1500 trees in a
2ha phenology plot are checked monthly for the presence and abundance of flowers, fruit and young
leaves. In Tuanan, for example, the plot is situated along two transects in the center of the study area.
ALL trees within 5 m on either side of the transects and with a diameter at breast height (dbh) of 2 10
cm have been labeled with a number, measured and identified.

Phenology Crop Sizes

Young leaves (daun mudah)
Estimate the percentage of the leaves on a tree that are new in that month. Try to score new leaves only
once! (Thus check current crop against that of last month).

0% =0
0<YL<5%=25
5<YL<25%=15
25<YL<50%=375
50<YL<75%=62.5
75 <YL<100% =875

Flowers (bunga)
Estimate the number of flowers in the tree. This scale is deliberately crude because numbers can change
from day to day, and once-a-month monitoring cannot be more precise.

None (tidak ada) =0
Few (sedikit) =1
Medium (sedang) = 2
Alot (banyak) =3

Fruits (buah)
Estimate the number of fruits in a tree and indicate ripeness:
M = ripe (masak) ; m = unripe (mentah)

0=0
1-10=1+
10-100=10+

100 - 1000 = 100+
1000 - 10000 = 1000+

Etc...

For questions please contact Nicole Zweife! : nzweifel*emx.net
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Appendix B: Family trees of the orangutans of Suaq Balimbing.
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Appendix C: Absence of linear dominance hierarchy in orangutans.

Adult female 3 s
l Adult female 1 l . Adult female 1 . Adult female3 & Adult female 5

Adult female 2 Adult female 4
a Wl Aot femate B Acuit femaie2 ] Aduitfemale4 & Adult female 6

=P |ntcractions
<>

These two figures explain why no female dominance linear hierarchy can be existent in a population of wild
orangutans. This is a hypothetical example of 4 adult females with each an established home range in an area in
Suaq Balimbing. As seen in the first figure, the home ranges of the 4 adult females partly overlap with each other.
When home ranges overlap, encounters will occur. Hereby, each adult female “knows” with whom their home
range overlaps and their dominance rank relative to the other adult females. However, as seen in the second
figure, the home ranges of these 4 adult females overlap with more adult females. For instance, the home range
of adult female 1 also overlaps with the home range of adult female 5. However the home range of adult female
5 does not overlap with the home ranges of adult females 2, 3 and 4. In other words, adult females 2,3 and 4 will
never encounter with adult female 5, and hereby no dominance relationship is existent between these
individuals. The same is true for adult female 6. Therefore, since orangutans do not live in social groups, no linear
dominance rank can be existing in a population of wild orangutans.
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