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ABSTRACT

ORANGUTAN CULTURES?

TOOL USE, SOCIAL TRANSMISSION AND

POPULATION DIFFERENCES

This dissertation considers the evidence for ortrgyPongo pygmaeus)
cultures. Eight long-term orangutan research siex® compared using the
geographic approach. Correlation between rare i@hacount and
observation intensity showed innovation is fairlgnsistent across sites.
Lack of correlation between observation intensityl anumber of cultural
behaviors indicates that something else explaims \hariation. Cultural
behaviors were classified into subsistence skilgal skills, reference
variants, display variants and those whose funcgomains unknown. Types
of behaviors that vary culturally in orangutans eveimilar to those reported

for chimpanzeesRan troglodytes).

Further evidence for the role of social learningl gmoximity is based on

data from focal animal follows of wild orangutans Ketambe and Suaq



Balimbing on Sumatra. Suaq Balimbing had more caltuariants requiring
close proximity for observational learning, inclagitool use. Adult female
orangutans at Suaq Balimbing (particularly in thé-group with greater
tree-hole tool-use specialization) spent more timweh independent

conspecifics and had more diverse social partiest®se proximity.

Behaviors related to nest building were examinedetail. Data from nests
built with or without the nest raspberry (ubiquisoat Suaq Balimbing,
absent at Ketambe) were investigated. Durationest-building activities is
related to nest raspberry production. Nest ras@semere not related to
nearest neighbor proximity or nest position; thailaptive function is not
apparent. Adult females at both sites tended t@lbee (no independent
conspecifics within 50m) more often when buildingight nest than during

the rest of the active day, but this trend wasgfeo at Ketambe.

Evidence for vertical social transmission of a tedi traditional behavior
was based on published work, interviews with presibeld researchers, and
videotape and data collected during fieldwork atai#e. The persistence of
unusual behaviors within rehabiltant matrilinesd ahe failure of these

behaviors to spread throughout the wild populatiomy result from



selectivity in social learning.

The presence of complex cultural variation in otgags and chimpanzees
suggests that the capacity for such behavior wasept over 12 million

years ago, in the last common ancestor of the gys=d.
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Table 1.1 Mammalian taxa exhibiting potentially socidly transmitted

adjustable behaviors that vary between wild populations.

TAXON

VARIABLE BEHAVIOR

REFERENCES

Chimpanzee
Pan troglodytes

Tool usefor foraging (e.g.
nut-hammer, ant-dip)

Reviewed in Whiten et a., 2001,
2003, also Boesch, 1993; McGrew,
1992; McGrew, 1994b; Sugiyama,
1993; Sugiyama, 1994; Boesch et al.,
1994; Fay and Carroll, 1994; Joulian,
1994; Boesch, 1996; McGrew et dl.,
1997; Sugiyama, 1997

Tool use for grooming or
comfort (e.g. leaf-napkin,
seat-vegetation)

Reviewed in Whiten et al., 2001,
2003, also Boesch, 1993; Boesch and
Boesch, 1993; Sugiyama, 1993;
McGrew, 1994a; McGrew, 1994b;
Sugiyama, 1994; Boesch et al., 1994;
Fay and Carroll, 1994; Joulian, 1994;
Boesch, 1996; McGrew et al., 1997;
Sugiyama, 1997

Allogrooming techniques

Reviewed in Whiten et a., 2001,
2003, a'so McGrew and Tutin, 1978;
McGrew, 1994a; Boesch, 1995;
Boesch, 1996; De Waal and Seres,
1997

Attention-getting object
interaction (e.g. buttress-
drumming, |leaf-clipping)

Reviewed in Whiten et a., 2001,
2003, also Boesch, 1995, Boesch,
1996

Food choice

Nishidaet a., 1983; McGrew, 1983,
Boesch and Boesch, 1993; Fay and
Carroll, 1994; Sugiyama, 1994;
McGrew et a., 1997; Uehara, 1997

Food processing technique

Nishidaet a., 1983

Vocdization dialect

Mitani et a., 1992; Mitani and
Brandt, 1994; Arcadi, 1996

SAf-medication Huffman, 1997; Huffman and Caton,
2001
pygmy prey choice Reviewed in Hohmann, 2003
chimpanzee Buttress-drumming techni que|Reviewed in Hohmann, 2003
Pan paniscus Tool usefor groomingor ~ |Reviewedin Hohmann, 2003

comfort (e.g. leaf-napkin,

toothpick)
M ountain gorilla|Food choice Tutin and Fernandez, 1992
Gorillagorilla  |Food processing technique ~ [Bymeand Byme, 1993
beringel (leaves)
Orangutan See Tables2.2 and 2.3 van Schaik et d., 2003, Chapter 2
Pongo pygmaeus
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Table1.1. continued

Physter macrocephalus

dialects)

TAXON VARIABLE BEHAVIOR REFERENCES
Japanese macaque Grass-roots washing Nakamichi et al., 1998
Macaca fuscata Stone handling Huffman, 1984; Huffman and Quiatt,
1986
Acquiring or processing Reviewed in Nishidr?and Hiraiwa
provisioned foods ?35?3%2{93@1 ierry, 1994,
Allogrooming techniques Tanaka 1995, 1998
Response to humans and novel Reviewed in Nishida, 1987
(provisioned) foods
Chacma baboon Food choice Cambefort, 1981
Papio ursinus
Vervet monkey Food choice Cambefort, 1981
Cercopithcus aethiops  |Foraging tool use Hauser, 1988
Capuchin monkey Food choice Chapman and Fedigan, 1990b
Cebus capucinus Food processing techniques Rose, 1997; Panger et al., 2002
Social conventions Perry et al., 2003
Humpback whale Song dialect i{g\gxé)eweq in gide_rmgn aggITa\ijolga,
1 , reviewed In Ren ani
Megaptera novaengliae Whiteheed, 2001
Lobtail feeding Weinrich et al., 1992
Bowhead whale Songs Reviewed in Rendell and Whitehead
Balaena sp. 2001
Sperm whale Coda repertoire (vocalization Weilgart and Whitehead, 1997

Predator defense technique
(postulated, based on scarring
differences)

Reviewed in Rendell and Whitehead
2001

Killer whale
Orcinusorca

Vocalization repertoire

Ford, 1991; Strager, 1995

Hunting techniques

Reviewed in Rendell and Whitehead
2001

Greeting ceremonies

Reviewed in Rendell and Whitehead
2001

Beach rubbing Reviewed in Rendell and Whitehead
2001
Bottlenose dolphin Sponge carrying Smolker etd., 1997
Tursiops sp. Signature whistle Smolker and Pepper, 1999

Feeding techniques (involving
humans)

Reviewed in Rendell and Whitehead
2001
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Table1.1. continued

TAXON VARIABLE BEHAVIOR REFERENCES
Black rat Pine nut extractive foraging Aisner and Terkel, 1992; Terkel,
Rattus rattus technicue 1995
Norway rat Food choice (mollusks) Reviewed in Nishidaand Hiraiwar
Rattus norvegicus Hasegawa, 1987
Greater spear-nosed |Group-specific calls Boughman, 1998; Boughman and
bats Wilkinson, 1998
Phyllostomus
hastatus
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Chapter 1

INTRODUCTION TO ORANGUTAN CULTURES

One of the implicit goals in the study of primakhhavior (and indeed many
studies of animal behavior) is to gain a betterausthnding of the evolution
of behavioral propensities and capacities in huararestry. The ubiquity of
complex, symbolically mediated cultures in modetmln populations is
clearly a unique feature of our species. No nomdmu species has
demonstrated the rich construction of meaning at ¢bre of all human
cultures. This capacity is clearly linked to oyesies’ uniquely complex
linguistic capabilities. However, it is likely théhere were behavioral and
cognitive precursors to advanced human culture um pre-linguistic

ancestors. We might therefore expect to find sengpiltures in the behaviors

of other living species that exhibit social and mitige complexity.

This dissertation will explore evidence for culture orangutans Hongo

pygmaeus). | will describe the behavioral variations betmesight orangutan
populations in detail, and provide some analysesedeon the types of
behaviors seen to vary culturally in orangutans (8ahaik et al 2003a) and
chimpanzeesHan troglodytes, Whiten et al 1999, 2001). | will provide

evidence supporting a role for observational leagnin those behavioral



variations requiring close social proximity by coanpg social measures
based on focal animal follows in two Sumatran otaag populations. | will
examine the cultural behaviors related to nestdmgl in orangutans,
assessing possible functions of one cultural bemaand showing specific
frequency differences between the populationsiat &nd other nest-related
behaviors. | will then describe evidence for sbensmission of a tradition
in one matriline, and selectivity in social leamiy focusing on behaviors

of a rehabilitant orangutan and her descendents.

Orangutans are large bodied, sexually dimorphis &peles can weigh over
70kg, females up to about 40kg). They are founly on the islands of

Borneo and Sumatra. They are primarily arborealthenisland of Sumatra,

where there are tigers hunting terrestrially, tlayost never come to the
ground. Ripe fruit is the mainstay of their digtpugh they also eat leaves,
pith, cambium, social insects and their products\dy). They are noted for
being less social than other great apes (MacKinddi4; Galdikas, 1985,

1988). They are among the closest living relatit@shumans; based on
genetic information, the orangutan lineage diverfyeth our own about 13

million years ago (roughly 6 million years beforeritjas (Gorilla gorilla), 7

million years before chimpanzee®af troglodytes) and bonobos Ran



paniscus; Sibley and Alquist, 1987; Ruvolo et al, 1994;&#et and Disotell,

1998).

Culture: Definitions and Disagreements

In the broader field of anthropology, the term taué” has been defined in a
variety of ways, and has recently faced strongcesit from within cultural
anthropology as being excessively essentialistemlogeneous (as opposed
to the blurred boundaries and internal variationthe human phenomenon it
was intended to describe; reviewed in Brumann, 1929heated debate has
also long raged over the application of the termlttze” to behavioral
variation among those who study non-human specidgere are numerous
definitions of “culture” used in anthropology, amgany (though not all)
include aspects of values, beliefs or institutiohat are not detectable in
other living species (reviewed in Tuttle, 2001; Biann, 2002; Pagel and
Mace, 2004). While there is general agreement difégrent populations
within a given animal species might exhibit differdbehaviors, and even
that some of these differences might be attribetablsocial learning, there
are deep disagreements about what to call sucatiarj and which kinds of
variation might warrant the label “culture” (seeviesv in Fragaszy and

Perry, 2003). Some prefer the term “tradition” whieferring to this type of



behavioral variation in non-humans (e.g. Chapmad Badigan, 1990a,;
Fragaszy, 2003; Perry and Manson, 2003). HoweWedition” implies

long-term maintenance of the behavior in the pdmnia something that
others have suggested as a subset or requiremestltare in a species
(McGrew, 1992; McGrew and Tutin, 1978b), but ceryainot true of many

behaviors in humans that are considered cultueg &so Day et al., 2003).

To investigate the roots of culture in non-humaacsgs, it is necessary to
use a broad working definition for the phenomenonge that does not
automatically exclude all non-humans, while prongisufficient distinction

to exclude superficially similar but non-analogdaehavior patterns in other
species. Imanishi’'s 1952 definition of culture asocially transmitted

adjustable behavior” (in Wrangham et al., 1994, ppgis an appropriate
starting point for investigation of cultures in Abamans. In this definition,
“socially transmitted” can refer to any kind of sdearning, including but
not limited to social facilitation, stimulus enha&neent, goal emulation and
imitation (cf. Zentall, 1996). Even with this bubalefinition, it is still

virtually impossible to directly verify social leang in wild populations —
only the controlled conditions of laboratory expeents can exclude all

other possibilities — but indirect evidence foriabtearning might be sought.



The term “adjustable” is critical in that it exckesl some behaviors that are
socially learned early in life but thereafter cesshow plasticity (e.g. some
birdsong; Hauser, 1996). Used in this sense, dhag “culture,” “cultural
variation” and “cultural learning” are broadly apted ways of describing
such phenomena (see Biro et al., 2003; Boesch,; XC&®befort, 1981; de
Waal, 1996; Freeberg, 2000; Grant and Grant, 18f@$imann and Fruth,
2003; McGrew and Tutin, 1978; Nishida, 1986; Rehaeld Whitehead,

2001; Srivastava, 1991; Terkel, 1995; Whiten et1#199).

This broad definition of culture focuses on therelteristics of individual
behaviors. It may overlook some of the distincfiwatures of human culture
proposed by Boyd and Richerson (1985, 1996), Gak92), Heyes (1993),
and Tomasello et al. (1993). By overlooking thammore general definition
of culture does not address the need for fideltytransmission between
generations (Heyes, 1993; Tomasello, 1994), or poéntial for the
evolution of culture through the accumulation ofmgdexity or modifications
of behavior (the so-called "ratchet effect,” BoyddaRicherson, 1996;
Tomasello et al., 1993). Many of these features ratated to specific
mechanisms of social learning, and are best adsttess controlled

laboratory experiments.



While experimental studies of social transmissicechanisms may help to
establish to what extent the capacity for cultwists in a given species, they
do nothing to illuminate the evolutionary conterfsthe origins of culture.
Laboratory experiments may not produce results dlsatirately reflect the
extent to which non-human species display cultégatures in the natural
settings to which they are adapted. They canndicate which types of
behaviors are most likely to be culturally variabteevolutionary contexts.
We can assess this only by observing the diversitpehaviors in wild
populations. The benefit of using a broad workdejinition for what is
clearly a multi-facetted phenomenon is that it \adoone to study the
evolution of human culture as a gradual assemblyoaiponents, each with
its own immediate function. Such components pabnt formed the

foundation of culture in the hominid lineage.

Animal “Ethnography”: Using the Geographic Approach

One of the most successful methods for investigatinture in populations
of free-ranging non-humans has been a geograpipmagh focusing on
behaviors that vary between locales. The heuriged to recognize
potentially cultural variation involves dismissibghaviors that do not vary

between sites, behaviors that vary only where themee major genetic



discontinuities and behaviors where the variatibgarty coincides with

relevant variations in ecological conditions (revesl in van Schaik, 2003).

Critics of the geographic approach note that it gagerate a Type | error,
leading to a spurious conclusion that differencesvben populations are
cultural when they are actually a result of undetg@@cological differences
between sites leading to within-population conveoge and between-
population divergence through multiple independenhovations and

individual learning (Galef 1992, 2003; Tomasell®9%). The geographic
heuristic assumes that ecological differences aoeenparsimonious than
social learning for explaining behavioral variation An ecological

"explanation” for variation actually implies thatdividuals expressing this
behavior have developed it independently, solvivgproblems in the same
way when faced with the appropriate ecological witstances. Whether
multiple independent innovations of certain behesjioor a universal

predisposition to develop the behavior in certanlegical circumstances,
provide a more parsimonious explanation for behavigariation between

populations than an explanation that includes aakdéearning component
may be stretching the definition of “parsimony.”s e models proposed by

van Schaik and Pradhan (2003) demonstrate, thecitapl@r socially-



mediated learning and gregariousness improveskekhbod of acquisition
of complex, adaptive skills more strongly than eages in innovation.
However, the geographic approach conservativelyudes behaviors that
have clear ecological correlates to reduce doubtitalvhether a behavior has
spread through social learning, given the extremkelihood of verifying

innovation followed by social transmission in wddpulations.

The presence of ecological correlates of courses doa exclude the
possibility that the behavior is socially transedtt Behaviors that do rely
on social learning for their maintenance within applation could be
overlooked as cultural because they co-vary witblaggcal conditions
(Whiten and Boesch, 2001). Because it is diffitaltonfirm social learning
for wild populations, interpretation of behaviordifferences as cultural
using the geographic approach must be regardedra@ssipnal unless
additional lines of evidence support it (Boesclalet 1994; McGrew et al.,

1997; Humle and Matsuzawa, 2002; van Schaik, 2003).

Genetic discontinuities must also be addressedkngure that behavioral
variation does not merely reflect differences irbspecies. Variation in
chimpanzee tool-use does not correspond to sulespetiscontinuities

(McGrew, 1992; Sugiyama, 1997). Orangutan variautsh as the kiss-



squeak with hands and the nest raspberry appsame populations on both
islands, but not in others, and only one likelytardl variant appears in all
populations on one island and no populations orother (slow loris eating
on Sumatra but not Borneo, which could also betedlao ecological

differences; van Schaik, 2003).

Cultural Variation in Other Species

Examples of cultural behavior have been seen iarde/taxa. Table 1.1 lists
examples of likely cultural behaviors in mammaldzor most of these
species, only one type of socially transmitted sidjlole behaviors has been
reported. Aside from humans, other species whene ithan three types of
behaviors that appear cultural have been seen himpanzees Ran
troglodytes), orangutans Rongo pygmaeus), Japanese macaquddataca
fuscata) and killer whales @rcinus orca). Most examples from the birds
include only call dialect (reviewed in Janik anét8t, 2003), though some
skills may also be cultural in some bird speciest{pularly tool-use in New
Caledonian crows, Hunt 2003; others reviewed irehefe and Bouchard,
2003). Local variants in call production are wiglesd in vertebrates, and
often are likely to be the product of social leaghi(see Janik and Slater,

2003), but their study requires specialized equipnaad different methods



from other behavioral research on wild populatiofi$is limits the number
of sites with readily comparable information in mgaspecies (but see

Arcadi, 1996; Mitani and Brandt, 1994; Mitani et, d1992 for chimpanzees).

The most extensive investigation of culture in &eotspecies has focused on
chimpanzees. Chimpanzees have been studied meresively than any
other great ape species, with modern field reseaogh extending over four
decades at Gombe (Goodall, 1965, 1977, 1986; Sthnf®94; Nishida,
2004). Eight other sites have now had long-terrmphnzee research
projects (Whiten et al. 2001). Researchers froesehsites compared their
observations of chimpanzee behavior, and usinggt#wgraphic approach
presented strong evidence for cultural variatiorchimpanzees (Whiten et
al. 1999, 2001). Note that the relative paucitynformation in most other
species may reflect less intensive study, withféarer long-term field sites

available for comparison.

The Study of Orangutan Cultures

The goal of this dissertation is to evaluate ewiderfor variation in
opportunities for social learning, and the role safch opportunities in

cultural variation among wild orangutan populatiof@rangutan populations
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are ideal model systems for investigating the arigh culture because they
vary widely in their population density and freqagrof social interactions
(Galdikas, 1985; Mitani et al., 1991; Sugardjitakt 1987; van Schaik et al.
1999). This range of sociality provides a natuggperiment: it can be
guantitatively analyzed, making it possible to téspotheses about the
social conditions in which culture can arise. $tadof captive and

rehabilitant orangutans illustrate their capacitlyldehavioral complexity and
social learning (Chevalier-Skolnikoff et al., 198Zhevalier-Skolnikoff,

1983; Miles, 1983; Russon and Galdikas, 1993, 1886, 1993; Call and
Tomasello, 1994, 1995; Visalberghi et al., 1995kE@q 1996; Chalmeau et
al., 1997; Tomasello and Call, 1997). Wild popolas of orangutans also
show inter-population behavioral variation, inclgli differences in tool

manufacture and use, nest building and other belayvan Schaik et al.,

2003a).

To investigate the relationship between behavioratiants and social
learning, | studied two wild Sumatran orangutan apons (Suaq
Balimbing and Ketambe) in 1999 and 2000. Reseaschwho had more
experience with orangutans at these and ot.hex wiee brought together at

the “Orangutans Compared” workshop to develop ayggihic comparison

11



of orangutan behavioral variation.

Chapter 2 presents results from collaborative disicms with researchers
from eight orangutan study sites, using the geducappproach to
investigate culture in orangutans. Carel van $claad | organized the
“Orangutans Compared” workshop to facilitate ther@nge of information
about orangutan behaviors that might vary betwegnlations. From a list
of over forty candidate behaviors, our conversatiassisted by videotape
and pantomime of behaviors) winnowed out about tywdmat vary between
populations, without clear ecological explanatiémsthe differences. The
initial results and analysis of this geographicrapph to orangutan cultures
were presented in an earlier paper (van Schaikl.e2@03). Chapter 2
includes additional analyses, and some revisiosgeda&n new discoveries
by researchers looking more closely at the caneidsghaviors in their
populations. It provides detailed descriptionghef behaviors, and presents
a novel approach to categorizing the function oltucal variants. The
distribution of cultural behaviors in these categ®ris compared for
chimpanzees and orangutans. Further evidencevwsded that the patterns
of geographic variation are not merely an artifafctesearch intensity at the

sites and that rates of innovation are fairly cst@sit across sites, supporting

12



an important role for social learning in explaininige inter-population

variation.

Chapter 3 provides a more detailed investigatiowanfation between and
within Suaqg Balimbing and Ketambe, looking speaillig at differences in
opportunities for social learning. The behavionattvary between and
within the two populations are classified accordinghe proximity probably
required for effective observational learning. Thme adult female
orangutans spend in association at each site wapared at different levels
of proximity. | found that the females who were shepecialized in tree-
hole tool-use (a behavior probably requiring vedgpse proximity for

observational learning) had the highest scores emeral measures of
sociality, and that these differences were alwagsificant for very close

distance classes. This provides another levelvafeace for the role of

social learning in observed orangutan culturalatan.

Chapter 4 again compares these two orangutan pamda looking
specifically at cultural variants related to nestiding that differed between
the two sites, including multi-tree nests and maspberries (see Chapter 2).
| investigate aspects of nest-building behaviot thay provide contextual

evidence for the function of the nest raspbermglsb compare opportunities

13



for social learning during night nest building beem the sites.

Chapter 5 looks at the perpetuation of unusual \nete among the
descendents of rehabilitant orangutans at Ketaarzetheir failure to spread
through the wild residents of that site despite apmities for others to
learn. This provides clear evidence for a limitddmily tradition”

maintained through mother-daughter social learrmngr three generations,
and for selectivity in orangutans about which béb@vto model after

observation.

The concluding chapter reviews the results fromprexious four chapters,
provides some analysis of the functional categasfesultural variants that
are reported for other species, and discussestbeance of these findings

to interpreting the evolution of cultural capadtie
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Figure2.1 Locations of orangutan research sites mentiom¢iis study. See
Table 2.1 for abbreviations of sites included is gtudy.
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Figure 2.2 A schematic representation of the arrangemetwigt in a nest,
seen in thartistic pillows made by orangutans at Tanjung Puting
(Drawing by Biruté M. F. Galdikas).
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Rare Behaviors
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Figure 2.3 Number of rare behaviors observed at each siteolisgrvation
intensity at site). Note that both SOR and LKN nadobservations
of apparently rare behaviors.
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Figure 2.4 Number of VLC behaviors observed at the custonoarigabitual
level at each site (by observation intensity &)sit
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Likely and Very Likely Cultural Behaviors

orangutan

chimpanzee

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

# subsistence skill (24, 26-32, 34, 36-45, 49) m weal skill (25, 35, 46-51, 56-59, 61)
display variant (53, 54, 64, 65) O reference variant (35, 53, 55, 60-63)
B convention (49, 52, 59, 65)

Figure 25 Likely and Very Likely Cultural Behaviors of Orgumtans and

Chimpanzees. Numbers in parentheses in legendcabedi
corresponding chimpanzee behaviors in Table 1 oftaifhet al.
2001.
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Rare Behaviors

orangutan

chimpanzee

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B subsistence skill (10, 11, 13-15, 18-20, 22, 23)
m weal skill (8, 9, 12, 16-18, 21)

display variant

B convention

Figure2.6 Rare Behaviors of Orangutans and Chimpanzeembhits in
parentheses in legend indicate corresponding chag®behaviors in Table
1 of Whiten et al. 2001.
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Table2.1 Orangutan study sites
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Customary, H

Rare, E=absent for clear

Absent without clear ecologica reasons;

P=Present a unknown frequency, R

Ecologicd reasons, A
darker fillsindicate higher frequency)
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Habitual, P=Present at
Rare, E=absent for clear Ecological reasons,

Absent without clear ecologica reasons, darker fills indicate

higher frequency)
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unknown frequency, R
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=Rare,

Absent without clear

Present at unknown frequency, R

absent for clear Ecological reasons, A

ecological reasons, ?=presence or absence uncertain)

Table 2.4 Rare Behaviors (P
E
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Chapter 2

THE CONTENT OF ORANGUTAN CULTURES

with David Agee, Marc Ancrenaz, Biruté M.F. Galdika
Cheryl D. Knott, Dolly Priatna, lan Singleton, A&iSuzuki, Sri
Suci Utami, and Carel P. van Schaik

Introduction: The search for non-human culture

One of the implicit goals in the study of primakhhavior (and indeed many
studies of animal behavior) is to gain a betteransthnding of the evolution
of behavioral propensities and capacities in huraacestry. No serious
researcher would claim that any non-human speassdemonstrated the
rich construction of meaning at the core of all lmmncultures. However, it
is likely that there were behavioral and cognitprecursors to advanced
human culture in our pre-linguistic ancestors. Byking for inter-

population variation in potentially socially trangt@d behaviors, we have
found such simple cultures in the behaviors of otiveng species that also
exhibit social and cognitive complexity (RendelVghitehead 2001, Whiten

& Boesch 2001, Whiten et al 1999, Whiten et al 2001

Some have noted that field studies cannot estasdistal transmission as the

mechanism creating these differences between pignda and suggest that
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investigations of the potential for culture in atlspecies are best performed
in controlled laboratory situations (e.g. Galef 298leyes 1993, Tomasello
et al. 1993). While experimental studies of sotiahsmission mechanisms
may help to establish to what extent the capaoityctilture exists in a given
species, they do nothing to illuminate the evohaity contexts of the origins
of culture. Laboratory experiments may not prodresults that accurately
reflect the extent to which non-human species dispultural features in the
natural settings to which they are adapted, noicatd which types of
behaviors are most likely to be culturally variablée can assess this only

by observing the diversity of behaviors in wild pégdions.

The context and behavioral content of orangutanums were explored
through collaborative discussions with researcHessn eight orangutan
study sites. Twenty-three likely or very likely leuwal behaviors for
orangutans, discovered using the geographic metpplied to chimpanzees
by Whiten et al (1999, 2001), are described inietad classified among
two types of skill variants, two types of signakieats, or behavior variants
whose function is unclear. A comparison with Whitg al’'s (1999, 2001)
findings showed that orangutan and chimpanzee raliltuariants are

similarly distributed amongst categories of skiiggnals and variants whose
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function is unknown. The distributions of verydllg cultural and rare
behaviors reported for sites of varying observatiaensity supported the
conclusion that rates of innovation are fairly aetent across orangutan
populations. This suggested that differences tiasdearning account for

differences in numbers of cultural behaviors dfedént sites.

The geographic approach

A broad working definition of culture allows forvastigations of cultural
behaviors among wild populations. Ideally, it doest require direct
observation of innovation or confirmation of socmbnsmission of a
behavior. It also does not require confirmationtte presence of tradition
(McGrew & Tutin 1978). Such observations are veiffialilt to achieve in
natural settings amongst long-lived, slow-reprodgcpecies like the great

apes.

A productive approach for field researchers is taken hypotheses about
expected patterns of geographic distribution ofalyclearned behaviors. In
particular, researchers can look for instances &lgercertain behavior is
widespread in one or more populations, but abseratileast one other
population without any clear ecological explanationthe absence (Boesch

1996). This geographic approach assumes that relifes between

20



populations that are not explained by ecologictiedinces are the result of
an innovation in one or more populations that ilea@ and maintained by
social learning, whereas populations lacking thealber either never hosted
the innovation, or the innovation failed to sprélacbugh social learning, or

social learning failed to maintain the behaviorroume.

The presence of ecological correlates of courses doat exclude the
possibility that the behavior is socially transmmtt (\Whiten et al 2001).
Conservative dismissal of behavioral differencethecological correlates is
merely a heuristic. It assumes that ecologicafetBhces are more
parsimonious than social learning for explainindndgoral variation. A

cultural explanation refers to ontogeny of the h#bra whereas any
ecological "explanation” refers to the likelihoduat individuals expressing
this behavior have developed it independently wHaoed with the

appropriate ecological circumstances. Because idlifficult to confirm

social learning for wild populations, our inter@ebdn of such differences as
cultural behaviors must be regarded as provisianldss additional lines of

evidence support it (Boesch et al 1994).

Whiten et al. (1999, 2001) use the geographic ambrdo show that the

distribution of chimpanzed@n troglodytesbehaviors are consistent with a
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cultural interpretation. In their study, field eeschers most familiar with
chimpanzee populations at long-term study siteh@xged correspondence
to produce a list of candidate behaviors, and tieeorted on the occurrence
of these behaviors in each population (noting whigre absence of a
behavior could be explained by environmental fajtoiThey found 39
behaviors whose occurrence patterns were consistgiit culture in
chimpanzees. These behaviors included signalsodret social behaviors,
foraging skills, tool-use (in signaling, autogroowp foraging or social
contexts) and some behaviors whose function renmayserious (i.e. rain
dances and leaf-groom). Each of the nine sitdsded in their study had a
unique suite of cultural behaviors, and many oftibkaviors were present in
more than one subspecies, but absent in other gigns within that

subspecies.

The content of culture

Labels, skills, and signals are broad categoriebaifavior that may be
socially transmitted in non-humans and have beeermkd to vary in wild
chimpanzee and orangutan populations (van Scha#t 2003, Whiten &
Boesch 2001, Whiten et al 1999). Labels (recoggidpecies as potential

food, predators, or other relevant relationshipyl akills (manipulating

22



objects or the environment to improve access touregs, reduce potential
injury or discomfort, and so on) provide apparetgaive benefits to the
individual. Signals are behaviors that serve sommrnsunication role in
interactions with conspecifics. Distinctive acacatt signatures in different
populations (“dialects” as reported for many spe@é€birds, cetaceans and
some primates) could be considered a type of siggr@nt, though one that
generally requires special equipment and analgsisonfirm. In addition,
the adaptive function or communicative context oime behaviors is
unclear, yet the occurrence of these behaviorsbéghpatterning consistent

with the geographical definition of culture.

The aim of this paper is to develop the evidengectdture in orangutans,
using the geographic method to compare wild orargyiopulations, as
initially outlined by van Schaik et al. (2003). Weesent more detailed
information on the proposed cultural behaviors évangutans and their
geographic distribution patterns, including reuwso based on new
information, and some data from additional orangutesearch sites. We
compare the behavioral content of cultural varmatio orangutans and

chimpanzees. We also discuss and the roles of ggolanovation, and
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social transmission in non-human cultures.

Methods

The results presented in this paper are a disitladf the information from

the Orangutans Compareworkshop, hosted by the L.S.B. Leakey

Foundation in San Anselmo, California on Februarg-17, 2002.

Researchers representing all long-term field ssidfeorangutans presented
and discussed the orangutan behaviors observediafield sites. The sites
to be discussed in this paper are described ineT24l and shown in Figure

2.1.

We grouped the study sites into three levels oénlaion intensity. “High”
observation intensity refers to sites where therg lbeen over 25,000 hours
of focal observation of orangutans, involving aade 15 focal animals.
“Medium” observation intensity includes sites wigi000 to 25,000 focal
observation hours on at least 10 focal animalsow’Lobservation intensity
refers to sites with fewer than 3,000 focal obsegowahours or fewer than 10

focal animals followed.

Note that for most of these sites, the reportecasion hours include the

work of multiple field researchers. Our assessmébehavioral presence or
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absence was generally based on workshop partisipaiscussions of
information with the research team at the site.r §@veral of the sites,
multiple researchers were present to discuss thedings during the

workshop.

With some slight modification, we followed Whiten &.’'s (1999, 2001)

codes for reporting the frequency of behavioralgrat as:

Customary (C): seen in all or most members of at least e a

sex class in the given population

Habitual (H): seen repeatedly in multiple individuals ineth

population, but not as widespread as customarywiaisa

Rare(R): seen very few times in one or more indivigual

Present(P): seen at least once, but frequency is unknamsh

probably rare

Absent (A): has never been seen in the population, despit
observations of orangutans in appropriate behaviora
context, and there is no clear, relevant ecologid&trence

from populations where the behavior is present
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Ecological explanatiortE): has never been seen, but ecological

explanations for absence cannot be ruled out

Unknown (?): behavior has not been seen, but there may be
insufficient observations of orangutans in apprateri

behavioral context

Even with the depth and breadth of research expegieepresented by the

Orangutans Compareaktendees, our assignment of observed behaviors to

C's and H’s is provisional. As this workshop w&e ffirst discussion of
these behaviors, not all potentially cultural bebess have been
systematically studied at all sites, so the codedased on the recollections
of the site representatives and their discussiatisathers who have worked

at the sites.

For comparative purposes, low observation intensitgs are primarily
interesting when a potentially cultural behaviorncae described as
“customary” or “habitual.” Apparently absent behagi at low observation
intensity sites may be a simple result of too fewurs or too few different
focal individuals to have observed a habitual beral pattern. This is

much less likely to be the case in those sites migdium or high levels of
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observation intensity. A reported absence of atein at a low observation
intensity site is generally ignored when lookingtla¢ distribution of that

behavior.

We tested whether behavioral repertoire size wéstek to observation
intensity, for behaviors that were rare (rare @spnt at unknown frequency
at some sites, but nowhere reported as customarlabitual) and for
behaviors that could be classified as very likeljtural (customary or
habitual for at least one site, but absent frorteast one other site with no
clear ecological explanation). The rare behaviod &ery likely cultural
behavior repertoire sizes for each site were coetpdo the level of

observation intensity using the Spearman rank t@iroa coefficient.

Potentially cultural and rare behaviors were cfassiinto five categories,

based on their contexts and observed sequelae:

Labels are identifications of other species as potenfiabd,
predators, or other relevant relationship (recogphiby observing
orangutans’ functional interactions with a speciegien those
interactions are not exhibited by all orangutansoentering said

species). For the purposes of this study, we ordynsiclered
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differences in food species choicelalels when the difference was

also tied to a potentially learned acquisition mygessing skill.

Subsistence skillsare those variable behaviors that relate spetiifica
to acquiring consumable resources, generally fomtveater (similar
to “subsistence” in McGrew, 2002). We did not cdesidifferences
in feeding techniques for a given food speciesesmlhe difference

was related to tool-use.

Weal' skills are manipulations of objects, the environment her t
orangutan’s own body, related to grooming, locoomotior

minimizing discomfort (similar to “maintenance” McGrew, 2002).

Display variants exist where there are small but noticeable
differences between populations in otherwise sinsilgnal behaviors
that occur in similar contexts across sites f@sg-squeak with hand
or kiss-squeak with leavebran Schaik et al 2003). Consistent with
Whiten et al. (1991, 2001), we did not considerustics (which

require specialized recording equipment for adexjaaglysis).

t“Weal” is a somewhat obscure, English word meanmglbeing,
prosperity or happiness” (Random House Websterlke@® Dictionary

1991)
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Reference variantsexist where an apparent signal behavior for a
given context is seen in some populations but mathers, or where
similar display behaviors are used in very difféer@ontexts at
different sites (e.deaf clip with teethWhiten et al 2001). We also
classify behaviors that occur specifically in sbc@ontexts as
reference variants, on the assumption that thevi@halays some

role in communication between conspecifics.

Unknown is our preliminary classification of those variabl
behaviors whose adaptive or communicative funasamnclear from

what has been observed and reported of the belsagmtext.

The percent of orangutan and chimpanzee cultunaémMa in the different
behavior categories were compared using Chi-sq@aaysis. Some
behavior patterns may include aspects of more timenof these behavioral
categories. Behaviors that were potentially clessifinto two or three
categories (e.g. reference variant or weal skidjencounted as 0.5 or 0.33 in
each category for comparative analysis. Comparatata for chimpanzees
were classified based on the descriptions in Wletead (2001). Whiten et al

(2001) chose not to include behavioral variatidre might be classified as
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labels, so these were omitted from the comparaitnadysis.

Results

Orangutan behaviors

The Orangutans Compared workshop yielded evidemrc2d behaviors that
are likely to be cultural. Eighteen of these wassify asvery likely cultural
variants because they were found at customary or habi¢évals in some
sites, but were absent in others where no ecolbgixplanation for the
difference was evident. The remaining five we siféed aslikely cultural
variants because at sites where the behavior was absentpuld not rule
out plausible ecological explanations for that alose though we suspect
there is a large social learning component tar@sdmission and distribution
at different sites.  The following sections dédsereach of these cultural
behaviors in more detail, as well as some rareusnvekrsal behaviors. The
results presented here differ somewhat from thelteesn van Schaik et al

(2003a), based on new information from some ofé#search sites.

Very Likely Cultural Variants

A summary of the geographic distribution of verely cultural variants is

presented in Table 2.2. This includes 3 subsisteskdls, 8 weal skills, a
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behavior that may be considered either a weal skilla behavior with
unknown function, 3 display variants, one referemagant, one behavioral
variant that may be a reference variant has an amkrfunction, and one

behavior whose function is entirely unknown.

Tree-hole tool use Orangutans at all sites are known to forage Gmiad

insects and their products (usually honey fromgbtiss bees) in holes in
trees. At most sites, they do this either by itisgra finger or hand in the
tree-hole, or by breaking into the tree to widea @pening. Only at Suaq
Balimbing have orangutans been observed insemiggytbols into tree holes
to obtain social insects or their products. Thdree-hole tool-use is

widespread and common.

Seed extraction tool use Another ubiquitous form of tool use at Suaq

Balimbing is seen when orangutans extract seeds the fruits ofNeesia
sp. These seeds are embedded in irritating hlaidslen within the very
tough outer casing of the fruit, and exposed ohipugh slowly opening
fissures in the fruit's valves as the fruit dehsc&Vhen available, the seeds
of Neesiaare a preferred food for all independent orangutah Suaq
Balimbing, and any orangutan observed feedingNeasia(every orangutan

observed for over 100 hours) has been observed astool. At Gunung
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Palung and Lower Kinabatangateesiaseeds are an orangutan food, but the
seeds are only accessed by breaking off valves thenfruit and extracting
seeds by hand (van Schaik & Knott 2001). In a eyrto assess the
geographic distribution oNeesiatool use, it was found in several major
swamp areas on Sumatra’s western coast, but sahifar orangutan habitat
across the Alas river where there was evidencerafgutans feeding on

NeesiaseedsNeesiawith broken valves, van Schaik & Knott 2001).

Branch scoop Yet another type of tool use seen with habituad@iencies at
Suaqg Balimbing, but not known elsewhere, is the afsa leafy branch to
extract water from deep tree holes. The oranguaSsiaq Balimbing insert
the leafy distal end of a broken branch (usualéslity broken with green
leaves) into a tree hole with water at the bottdhen drink the water

dripping from the leaves.

Leaf padding: Spiny duriansQurio sp.) are a preferred food for orangutans
at many study sites. One adult female orangutdfettmbe was seen using
leaves to pad her hands when manipulating duriah ather fruits with
spines, and 3 adult females and 1 adolescent mafe wbserved using
leaves as seat cushions in trees with spikeglfrina sp. andBombaxsp.).

At Agusan, 35km north of Ketambe in the same vallEigure 2.1), an
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orangutan was observed using leaf pads in a sifakdrion, to protect his
hands from thorns while feeding Erythrina trees (Fox & bin'Muhammad

2002).

Branch swatter. When an orangutan is attacked by a swarm of tasec

(generally bees or wasps, whose nest the orangaitanding), it may use a
detached leafy branch to ward them off. Use ofaath swatter is reported
as habitual at four sites, but is rare at Gunungrigaand Tanjung Putting
(where they do feed from wasp and bee nests). ofitel Kinabatangan, a

branch swatter was also used against a monitodlinsone observation.

Leaf napkin: It is customary for orangutans at Kutai to ushaadful of
leaves to wipe latex off their chin after eatingneofruits. Similar fruits,
producing abundant latex, are eaten at other fitgsprangutans elsewhere
have not been observed using leaves to wipe awayatex that dribbles

down their chins.

Scratch stick This refers to the use of a tool for auto-groogninMany
orangutans at Kutai use a (detached) stick to dcratit-of-reach parts of

their own body.

Autoerotic tool: At Ketambe, several female and male orangutame haen
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observed using a tool (generally a detached stick)imulate their genitals.

Bunk nests At all field sites, orangutans have been obseteedse leaves
or leafy branches as umbrellas, and to build aalili overhead shelters for
their nests during rain. Only at Lower Kinabatamgad Lokan, however,
are orangutans reported to habitually build a sécwest, a short distance

above the nest used for resting, as a rain-shelter.

Sun cover Another variation on supplemental nest shelterénthe practice
of building a cover on a day nest exposed to brgihishine (rather than
rain). This is customary at Kutai and Lower Kingmgan, and habitual at

Ketambe, but has never been seen at Gunung PalBuwpq Balimbing.

Shelter_under _nest In this nest-shelter variation, orangutans ataku

customarily build a nest, but rather than restimgt ithey move under it to
seek shelter during rain. This behavior may besgmeor rare at Tanjung
Puting, Lower Kinabatangan and Ketambe, but hagmbeen reported at

Gunung Palung or Suaq Balimbing.

Symmetric_scratch This behavior, reported as customary at Suaq

Balimbing, rare at Ketambe, and absent elsewhersmhies exaggerated,

long, slow, symmetric scratching movements. Tlagutans use both arms
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and draw their hands up the sides of their toremusaneously, then reach
up, out and down to repeat the process, in sontetkivat resembles
calisthenics or t'ai chi. Similar behavior can bees among captive

orangutans (R. Shumaker, pers. com., |. Singleters. obs.).

Snag _riding: At many sites, adult male orangutans incorporsit@g
crashing into their display behaviorsee below). However, only the males
at Tanjung Puting are observed to push over a tteadsnag), then hold on
to the snag and ride down as it falls, grabbingoonearby vegetation to stop

their own fall before the snag crashes to the gioun

Kiss-squeak with hands The kiss-squeak vocalization is commonly given

by orangutans in contexts suggesting mild alarmnmoyance (such as when
an unhabituated orangutan encounters a humarnwhen an adult male
approaches a subadult male, Rijksen 1®978yhen an orangutan encounters
some other mildly threatening species such as molitards or snakes (M.
Ancrenaz, pers. obs.). At some sites, the orangataompanies the kiss-
squeak with a hand near the mouth, either in arfiftont of the mouth (like

a trumpet), or as a flat hand on or near the m@Bt#ters 2001). This
behavior was seen most often at Ketambe and Sobayayas also often

seen at Suaq Balimbing and Kutai, rarely witnesse&unung Palung or
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Tanjung Puting, and had never been seen at Lowaligsitangan. It has also
been observed in Sumatran orangutans at Dairi, Sieldcalang 93 °, 16min

E, 2°, 41min N (I. Singleton, pers. obs.).

Kiss-squeak with leavesin this display variant, leaves are held neamor

front of the mouth during the kiss-squeak (Pet€812, then the leaves are
allowed to fall. Thekiss-squeak with leavesis ubiquitous at Gunung

Palung, and is seen in some orangutans at Kutai.

Leaf wipe: This display occurs in similar contexts to thesksqueak (and
often accompanies the kiss-squeak). It is seemlady at Tanjung Puting,
but nowhere else. The orangutan wipes vigorousturat its face in a
circular motion with a fistful of crumpled leavemd then drops the leaves

or throws them at the observer (Galdikas 1982).

Nest Raspberry This refers to spluttering sounds (made by expglhir

through relaxed, pouted lips) associated with mesiding. The sound is
very soft, and would not be audible at distancesre/the orangutan’s other
nest building activities could not be heard clearAt Lower Kinabatangan,
some (flanged) adult male orangutans make raspbeisgs before entering

their night nest and sometimes after the nest cetmopl. At Suaq Balimbing,
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all well-studied orangutans have been observedgiviest raspberries as
they are completing their nests (most often witjhhinests, see Chapter 4).
One male and several females at Soraya were semg gaspberries at the
end of nest-building, and it is possible that thehavior is customary there
as well. No indication of raspberries has evernbéasund at nearby
Ketambe, despite active comparative investigation this behavior (see

Chapter 4).

Twig biting: Orangutans at Suaqg Balimbing are regularly oleskrv
systematically passing the broken ends of leafggvim front of their mouth
before adding the twigs to the lining of their sesThis behavior sometimes
includes actually biting the end of the twig. ftem co-occurs with thaest

raspberry at Suaq Balimbing, but it has not been reporteahgtother sites.

Likely cultural variants

These behaviors had distributions similar to thevalbehaviors, where they
were customary or habitual for at least one site, \@ere absent for at least
one other (Table 2.3). However, the absences mayadseciated with
relevant ecological differences, so using the gaglgc method we must
acknowledge that the current evidence does notost@psocial learning

explanation any more strongly than an ecologicgblanation (i.e. the
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scarcity of a food species at a site). Nonetheld®se behaviors may be
socially learned, and their inclusion here, based carrently available
evidence, does not preclude the possibility thatitemhal evidence from
other sites (or a more careful exploration of thelegical circumstances at
each site) will lead us to conclude that thesevarg likely cultural variants.
Four of these likely cultural variants may be labet subsistence skills, and

one is a weal skill.

Bouguet feeding Certain genera of ants make their nests in le@gksen

1978). Orangutans have often been observed gratkbifigtful of leaves
(fresh, dry, or rotting), stripping them from a gywholding the leaves as one
would hold a bouquet, then using their lips to pacits from the leaves. The
orangutans apparently use the leaves to protect Hhads from the biting
ants, while eating those that crawl out onto thef kdges. This feeding
behavior has not been seen at Kutai, and is rat€iretbatangan, but is
customary at all other sites. We cannot yet disrthe possibility that the
distribution of this behavior may simply reflectethistribution of ants that

build nests in leaves that can be handled by bdugading.

Dead twig sucking In some populations, orangutans customarily eét a

found by breaking hollow (dead) twigs. The oramaguthen sucks the
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broken twig to eat the ants from inside. We doh®te conclusive evidence

that the appropriate ant and tree genera are pfrasal sites.

Nest destruction Orangutans sometimes search for insects by tadquagt

old nests encountered while foraging. The variéstridution of this
behavior may reflect a lack of recognition of thmaiging opportunities
afforded by old nests, or may be related to difiees in insect species that

colonize orangutan nests, or different “optimatsliat different sites.

Slow loris eating The capture and consumption of slow loriddgaticebus

coucang is reported as habitual for female orangutanghattwo well-
documented Sumatran orangutan populations, bubéxer been reported at
the sites on Borneo. Because catching a slow ¢arsinvolve lengthy visual
inspection, it may require a “search image” for theorite hiding places of
this small, nocturnal prosimian. The acquisitidrttos search image or the
techniques for locating and dispatching a loris otentially cultural. It is
possible that lorises are too rare to make slovs lpredation ecologically
viable for those populations on Borneo where ingver seen. As slow
lorises were often discovered during insect forggibtami & van Hooff

1997), the rate of insect foraging at differenesimay also be a critical
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ecological factor.

Multi-tree nests: Orangutans can sometimes weave together thernafmi

branches of several different individual trees whaitding a nest. The only
long-term study site where this is has not beem see&Kutai, which may

have fewer interlinking tree crowns due to fire atlder habitat disruption.

Rare behaviors

These behaviors have only been seen one or a Iiesg tat each site where
they are reported, never frequently enough to waitvaing rated as habitual
(Table 2.4). They may represent independent ininmvdy each individual

seen performing the behavior. Eight of these bateaviors are skills, one is
a signal, one may be interpreted as a skill ogaadj and two do not appear

to serve any adaptive or social function.

Leaf dipper: At Gunung Palung, in two instances orangutansevssen
using leaves as a vessel to carry water from a @ostream to their mouths,

and drinking water directly from the leaf vessel.

Sponging At Ketambe an orangutan was seen using crummadek to
absorb water from a tree hole then drink the wdtem the leaves.

Chimpanzees have also been observed using leasg®ages (Whiten et al
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1999, 2001).

Stick as chisel Another rare form of tool use seen at Ketambe waas

orangutan using a stick to break open a termité ines log on the ground.
This individual, a very old adult male, performéte tbehavior regularly.
Because the behavior was performed only by a tlgtigusolitary male
while on the ground, it is unlikely that the belavicould have spread

through observational learning.

Branch hide: At all long-term study sites except for GununduRg and
Suaqg Balimbing, orangutans have been seen usirgiaahsed branch as a

screen to hide from predators or humans.

Bridge nest Orangutans sometimes build nests that join thenitel
branches of two trees (sewullti-tree nests above). At Tanjung Puting, an
orangutan was observed building such a nest betwsentrees on the
opposite banks of river. Rather than resting is tiest, the orangutan used it

to cross the river and continued moving on the rogice.

Leaf autogroont This has been seen twice at Gunung Palung. drfitst

instance an adult male wiped his forearms sevdmkst (about 6-7

repetitions) with d\eesialeaf (the underside of which has fairly prominent
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raised venation) following feeding on fruit of tekame tree. It appeared that
maybe he was trying to remove the fiberglass-Nleesiafibers from his hair
that got on him while opening up tiNeesiafruit. The second observation
was of an adult female who had a large undevelopalé near her. As the
male approached she sat back, reached out andegraldeaf of an epiphyte
that was growing on the side of the branch andksttat up and down the
side of her belly 3-4 times. The male seemed texuoited by this display,

although it was not followed by further contactnoating.

Severed vine swinglt is common for orangutans to use vines ancdakato

travel between trees with a pendulum-like swingpically, they use a bend
of vine or liana that hangs between two trees argkcure at either end. At
Tanjung Puting and Suaq Balimbing, orangutans teesn withessed biting
through a vine, apparently to increase the ardeir tswing as they use the

severed vine to cross to another tree.

Genito-genital rub: Pairs of female orangutans at Gunung Palung,uhanj

Puting and Suaq Balimbing were seen rubbing theiitgls together (similar
to the behavior commonly reported for female borspBan paniscus This

may serve a social function, or may simply be aualutiscovery of a
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pleasurable activity.

Stealth nest approach At Gunung Palung, an unflanged male was observed

cautiously approaching a flanged male in a duriee.t The smaller,
unflanged male built a series of nests as he appegh not using the nests

for resting, but instead using them like a blindhaesnoved closer.

Branch-dragqging display. Orangutans at Lower Kinabatangan have been

observed dragging a broken branch as they movesdtne forest floor, in a

display similar to the agonistic display of bonobos

Artistic_pillows : When looking at the nests constructed by oramgta

observers at Tanjung Puting noticed that some me=ts lined with a row of
twigs, all of similar size and all radially-oriendtealong the nest perimeter
with the forked or leafy end pointing outwards (g 2.2). Orangutan
observers rarely have the opportunity to look iot@angutan nests from
above, so its frequency and distribution at TanjEodging is uncertain, and
the presence or absence of this behavior pattemnotebe ascertained at
some other long-term orangutan study sites, bwtas not seen in nest

observations at Gunung Palung or Lower Kinabatangan

Leaf “doll” : At Gunung Palung, Tanjung Puting and Kinabatangan
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orangutans have been observed gathering a buntdevads and taking them

into their nests.

Universals

There are numerous behaviors characteristic ofgutans which we did not
include in our discussion of possibly cultural gyatan behaviors, simply
because we did not expect them to vary. The behabiglow were discussed

at the_Orangutans Comparednference because we initially suspected they

might largely depend on social learning. We digced that these behaviors
were customary or habitual in all well-studied @atan populations. All but
play nestsandsnag crashingwere also observed at Lokan and all platy
nests were observed at Soraya. We cannot consider thebaviors
“cultural” using the geographic method. They arduded here because it is
possible that we may find an orangutan populatidrere& one or more of
these behaviors are absent, leading us to re-abe@sslassification. These
orangutan universals may also prove interestingoimparisons with other

primate species.

Leaf "umbrellas” : This skill involves using large leaves or leafatches to

cover the head during rain.

44



Nest covers This skill is the assembling of leaves or leafgirithes above a

nest in which the orangutan shelters during rain.

Missiles This skill includes throwing or aimed dropping lmfanches, large
fruits or other objects toward terrestrial predat@r humans), apparently to

drive them away.

Leaf stripping: This skill involves obtaining foliage by drawiragsegment

of vine, liana or branch rapidly through a partiallosed hand, to gather a
handful of leaves before consumption. Orangutdss @accomplish this by
drawing the stem rapidly through their mouth. Thehavior is reported as
cultural for chimpanzees, when performed in a theeatext (Whiten et al.
2001), but it is not clear that it is ever perfodnay orangutans in a non-

feeding context.

Play nests Orangutans everywhere build nests for sleepimagdit, and will
occasionally build a nest for resting or sleepingig the day. Infants and
juveniles (and sometimes adults) at most sites comyrbuild a day nest for

social play (wherein no resting occurs).

Snag crashing The aimed pushing of dead standing trees, as@agi by

flanged adult males, was habitual at Ketambe arstbmary at most other
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well-studied sites. It was also recently obserae&inabatangan. Because
Kinabatangan was previously logged and is a reaoydprest, it is likely
that it has far fewer standing dead trees thanllaha other study sites,

leading to fewer ecological opportunities to digplae behavior.

Relationship of observation intensity and observed behaviors

We expected that the number of behaviors observaaldarincrease with
increasing observation intensity, and this is ict fahat we found when we
compared rare behaviorss{r0.918, P=0.0028 one-tailed, Figure 2.3a).
However, this prediction does not hold when we careery likely cultural
behaviors (= 0.207, P=0.356 one-tailed, Figure 2.3b). Whely dhose
sites with medium and high observation intensitsgs considered, the
expected correlation is still quite strong for rdsehaviors @ 0.792,
P=0.0647 one-tailed) but is negative for very kkeultural behaviors { -

0.683, P=0.903 one-tailed).

Behavioral categories: comparison with chimpanzees

The proportions of reference variants, display arstg, subsistence skills,
weal skills and conventions that vary between ouéenry populations were
compared to those reported for chimpanzees by Wihteal. (2001). There

were no significant differences in the relativegirencies for different
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categories of very likely cultural behaviob$* (= 6.393, P = 0.171), nor were
differences significant when the very likely anéely cultural behaviors
were combinedX? = 5.140, P = 0.273, figure 2.4). Chimpanzees dideha

noticeably higher percentage of subsistence skiis orangutans (46% vs.
24%), and orangutans a higher percentage of weléd #kan chimpanzees
(45% vs. 27%). There were more discrepancies e rdre behaviors
reported, with chimpanzees again having a much enigiercentage of
subsistence skills than orangutans (59% vs. 25%ur&i 2.5), but these

differences also did not reach significansé % 7.832, P = 0.098).

Discussion

The roles of ecology, innovation and social transmission

The geographic approach to investigating culturean-humans is plagued
by issues regarding ecological influences on tlstridutions of behaviors.
Some critics (e.g. Galef 2003) have expressed conteat ecological

similarities might lead to parallahdividual innovation at sites where a
behavior is customary or habitual, while the inrntevacould never occur at
sites where ecological factors are different. Tdosld lead to a pattern of

presence and absence that would appear culturag ukie geographic

a7



approach, but may be produced without any needdoial transmission.

We found no relevant ecological components thay @aross sites for most
of the very likely cultural behaviorVLCs). For instance, all healthy
orangutans observed have hands, and all orangatatats are replete with
leaves, but at only certain sites do orangutans hem®ls or leaves to
embellish their kiss-squeak vocalization. For av fef the VLCs in
orangutans, we did find some sites where the behavas absent because
the appropriate ecological context was absent {eeglack ofNeesiafruit at
some sites foseed-extraction tool-usg but in these cases there were other
sites where the appropriate ecological context weesent and yet the

behavior was absent (Van Schaik & Knott 2001).

For the fivelikely cultural variants we were unable to exclude ecological
explanations. However, in none of these instamreswe certain that the
behavior is absent due to the lack of the apprapeaological context at all
the sites where it has not been seen. ddéwd twig suckingbehavior is a
case in point: where it does occur, orangutansthisetechnique to feed on
the ant mutualists of certain tree genera with dwlbranches. Ant-tree
mutualisms of this kind are ubiquitous in orangutabitats (Whitmore

1984), so it is likely that similar genera are fduat the sites where the
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behavior is absent, but we do not yet have detdlsut what ant or tree
genera are present and in what frequencies forsiadls. Similarly,
orangutans on Borneo may not view slow lorisesray gems because the
density of slow lorises may be lower, reducing emter rates and the
opportunity for orangutan individuals to eitheratiger the edibility of slow
lorises (that is, insufficient opportunities fomwvation of this behavior) or
to learn how other orangutans locate, capture atdtieem (insufficient
opportunities for social transmission of the bebgvi There is also the
possibility that orangutan encounters with slowsl@re so rare on Borneo
that no scientific observer has witnessed one résearcher were to witness
an orangutan encountering a slow loris up-closé,féiling to eat it, this
would bolster the idea that slow-loris eating repréas a cultural variation in
label (recognizing a slow loris as edible) or skilhowing how to capture

and consume a loris).

Signal behaviors that vary between populationslding display variants
andreference variant9 and other behaviors that occur exclusively inaoc
contexts (e.gplay nesty can be considered social conventions. These
behaviors may serve as a way to establish or c¢ordgwcial bonds within a

group (Perry et al 2003). Social conventions talaee in a social context,
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and their usefulness may be constrained by the pzmepsion of
conspecifics witnessing or participating in the d&eabr, so virtually by
definition they are likely to be socially-learnedt they are widespread in
certain populations and absent in others, theyrlgl@aeet our definition of

“cultural behaviors.”

The geographic approach necessarily dismisses rgaivéehaviors, but
these may in fact be culturally learned. The sniversal behaviors
described herein are unlikely to be “instinctivey”the sense that they are
genetically determined. Instead, they are probajpbpd examples of
behaviors that orangutans are likely to discoveegithe similarities of their
habitats, anatomy, and intelligence (Huffman & kar&2003). These are
regular, predictable orangutan innovations. Fotamse, the species-wide
distribution of rain covers for nests or leaf “uralbes” may reflect the fact
that orangutans live in habitats with high rainfahere large leaves and
leafy branches are abundant. It is possible tlatse of leaf “umbrellas” is
merely a product of an innate orangutan propefsrtputting things on their
head (rehabilitant and captive orangutans are knimwao this, even when
they are not in the rain, A. Russon, pers. comm.M¢rrill, pers. obs., I.

Singleton, pers. obs.). The universality of leambrellas” in orangutan
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populations is particularly noteworthy in light thfe fact that, while similar
behavior has been observed in bonobos (Kano 198&)panzees are not
known to do this (Whiten et al 2001). Of courses #ase of innovation for
universal behaviors makes it nigh impossible teedeine in the course of
regular field studies whether the behavior was pedelently discovered by
each individual, or was learned socially after agl individual in a

population made the innovation.

This predictability of orangutan innovation can calplays a role in
behavioral variants that appear to have had maltpigins. For example,
the nest raspberry has appeared at two neighboring sites on Sumattrat
one site on Borneo. This coincidence probably tedufrom the extreme
flexibility and dexterity of orangutan lips, andethuniversality of nest
building in the species. The fact that it occursvdrd the end of nest
building may point toward an original function (ngithe mouth to assist in
handling the smaller twigs and plant matter usddhtothe nest) that became
ritualized. Such convergent innovation confounds telationship between
culture and independent innovation in a way that loa hard to resolve in
the field. The absence of such behaviors at mied, Sncluding Ketambe

(where observers familiar with the behavior at SuBaimbing were
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specifically looking for nest raspberries or otlvercalizations, see Chapter
4), seems a clear indication that this innovatisnonly maintained in a
population under certain conditions, which likelycludes reinforcement

through social learning.

The interaction between the propensity toward cergpes of innovation
and the geographic distribution of those behavioesm help explain
apparently cultural variations between differene@ps. (Hohmann & Fruth
2003) found that bonoboP#&n paniscusat Lomako shared many behavioral
patterns reported as cultural variants in chimpasz@. troglodyte¥ by
(Whiten et al 1999, Whiten et al 2001), . The samilyy of chimpanzees and
bonobos in their anatomy, physiology and appareghitive capacities may
have led to parallel innovation in some chimparame@ bonobo populations.
Likewise, several of the behaviors reported forngrgans (e.gtree-hole
tool use leaf “napkin,” branch swatter) bear strong resemblances to those
reported in chimpanzees and bonobos (bee-proldendg&in and fly-whisk,
respectively, (Whiten et al 1999, Whiten et al 20Cdgain reflecting the
broad similarities in morphology and cognitive ceipa among the great

apes.

We found that the number of observed rare behavereased in sites with
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higher observation intensity, as predicted when rdte of innovation in
orangutans is fairly consistent across sites. Tingirfg that the number of
observed VLCs did not increase with increased ofasen intensity
supports our conclusion that something other tinaowvation is responsible
for the distribution and maintenance of these caltlbehaviors in a

population.

The notion that many of these innovations are raaet through social
learning is supported by our earlier work showingignificant relationship
between geographic distance and cultural repersaindarity in orangutans
(van Schaik et al. 2003). This suggests that mlltdiffusion occurs
between sites. Findings from the low observatiensity sites bolster this
conclusion. For example, Soraya (which lies rougbketween Suaq
Balimbing and Ketambe— Figure 2.1) hasst raspberriesin common with
Suag Balimbing andiss-squeak with handsin common with Ketambe.
Several orangutans at Lokan, like in nearby Lowerakatangan, were seen

building bunk nests

The likely role of social learning is further supfsal by our earlier finding
that the number of VLCs seen in a population ineeeawith increasing

sociality (as measured by average party size)thmre was no correlation
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between the number of VLCs and population densrgn(Schaik et al.
2003a). This suggests that the number of potemtaaels is less important
than the encounter rate with them and how much tsnspent in close
proximity. A more detailed assessment of diffeemna sociality between
sites will clarify the effects of social learningpmortunities on VLC
repertoires. This should consider not only how imtime is spent in close
proximity to at least one other independent indreid but also the size and
density of orangutans’ social networks at each sitel the levels of
proximity tolerated. With culture now firmly estahed in chimpanzees and
orangutans, we can concentrate on the questidredialance of independent
innovation versus socially biased acquisition ofhdegors in natural

populations.

Behavioral categories — cultural content

While most behaviors can be easily recognized laslda subsistence skills,
weal skills, display variants, reference variants, conventions, some
behaviors have aspects of more than one of thésgarges. For instance,
self-medication in chimpanzees often appears taiimeqboth a label

(recognizing consumption of a specific plant asagpropriate response to

illness or discomfort) and a skill (rolling leavarsd swallowing them whole,
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or other special techniques for processing andstimge the medicinal plant,
Huffman & Caton 2001). As another example, stoaadhng in Japanese
macaques might be a reference variant (perhaps aoroating a disinterest in
social interaction, as macaques engaged in thisvimhtend not to respond to
solicitations for mating or play), a weal skill (flman 1996), or it may be a
convention (engaging in stone handling may be a wwayemonstrate group

membership, serving to reassure other memberg afrtup).

Labels and skills provide apparent adaptive bemeiit the individual.

Individual innovation and learning could be suffici to maintain labels or
skills if the innovation were sufficiently commorsignals and conventions
are behaviors that would be adaptive only in agdaantext, and only if they
elicit appropriate responses from others (everhdytare not adopted by
others); therefore, social interactions almostasely play some role in the
maintenance of a signal or convention innovatiorhe very existence of
such behavioral conventions as the symmetric deratorangutans, stone
handling in macaques (Huffman & Quiatt 1986) or regng in dolphins

(Rendell & Whitehead 2001) may reflect the powersotial learning to

maintain behavioral patterns that have little oradaptive value. Behavioral

patterns based on learned labels or skills thaighimmediate and tangible
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rewards, such as improved food intake, would likedgnain intact over a
longer time than variant signals or conventionepd®tts of chimpanzees in
Sierra Leone using stone hammers to crack nutdyné@f years ago are

consistent with this prediction (Sept & Brooks 1294

Different types of behavior would have differenqueéements for social
learning. Labels probably require the simplestspme social learning
(social enhancement or facilitation), and in maages this learning could be
accomplished without very close (within 10m) proiym For instance, an
orangutan who spots another orangutan feeding kggaapart an old nest
need not approach very closely to observe theldattihe nest destruction
foraging technique; she might simply pay more aibento the next old nest
she encounters, and could independently discovar ald nests contain
plentiful insects that are easy to locate and coresuln these circumstances,
it is hard to assess whether the skill componens @wequired through
socially-mediated learning or was learned indepetigle Labels are
generally not identified using the geographic mdthecause the presence or
absence of a food species or its inclusion in feerdight also be explained
ecologically (Boesch et al 2002). We suspect twamhplex skills such as

tool use involve both intensive social and indegendlearning, as
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chimpanzees are known to improve their techniquer gears of practice

(Boesch 1991, Boesch & Boesch 1984).

As Whiten and colleagues note (2001), choices nradelitting or lumping
behavioral variations mean that the numbers oticalltvariants identified is
somewhat arbitrary. However, the process used h®/ ¢himpanzee
researchers and that used by the orangutan researalere sufficiently

similar to warrant some comparison.

We found overall similarity in the proportions @ference variants, display
variants, subsistence skills, weal skills and cotieas in the cultural
behaviors of orangutans and chimpanzees. Thigests that culture is
functioning in similar ways in these great ape sgec The largest apparent
difference was in the proportions of subsistendktss&nd weal skills in the
two species. Much of this may be attributed to vheability of tool-use
skills that may be culturally learned, includingre® notable variations-on-a-
theme. Chimpanzees show widespread feeding t@olrualmost all of the
populations under long-term observation, and mahnynpanzee cultural
behaviors are variations in tool-use techniques (esing different materials
for hammers and anvils for cracking nuts). Feedoud-use is customary in

only one well-studied orangutan population, buioas forms of protective
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or grooming tool-use are widespread and customaugng orangutans (e.g.
the universal use of leaf “umbrellas” for rain, ahe various uses of leaves

for sun and nest shelters against rain in diffepapulations).

The different distributions of rare behaviors répdr with chimpanzees
again having a much higher percentage of subskstekitis than orangutans,
may seem unsurprising given the above. However pgrcentage of weal
skills in the rare behaviors of the two speciealmost equal. There were
two rare behaviors among orangutaadigtic pillows andleaf dolls) that
had no discernable function, and three othetea{th nest approach
branch drag display andgenito-genital rub) that by definition took place
in social contexts, whereas all of the reporte@ cnimpanzee behaviors are
either subsistence or weal skills with clear adeptifunctions. This
difference may simply reflect the different perageps of what is noteworthy
among researchers studying each species. Alteehgtit may reflect some
key differences between the species. As orangatansore arboreal and in
some ways more “alien” to us than are chimpanagsesnay naturally find
some of their behaviors more inscrutable. Socidractions are generally
less frequent among the adult orangutans usuallpwfed as focals than

among adult chimpanzees, so perhaps orangutansnmanes motivation to
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innovate in social situations.

Perhaps it is this very difference in socialitytthas lead to the remarkable
propensity of captive and rehabilitant orangutaasnimic (Tomasello
1996). Rendel and Whitehead (2001, based on Riche& Boyd 1998)
discuss a synergistic relationship between the uthenl of imitation and
conformism. This could explain the extensive miyiamongst rehabilitant
orangutans (both of their human rehabilitators ahdheir rehab peers),
particularly of such apparently maladaptive behavias stealing and
washing clothes, using paint, etc. (Russon 199&s&u & Galdikas 1993,
Russon & Galdikas 1995). Such behaviors may evesobrlly transmitted
to successive generations, as the observation ef rehabilitant female
orangutan’s daughter and granddaughter continuergtdadition of taking
clothes from clotheslines at a research camp (€@h&pt This behavior often
looks more like mimicry than like program-level tation or emulation
(Tomasello 1996, Tomasello et al 1993) — the ortarggimay not “get the
point” of these behaviors, and they may not be rdefor them, so perhaps
they are simply attempting to reproduce the behlavio which they are
exposed primarily for conformity’s sake (though ormuld argue that the

orangutans find behaviors like clothes theft irgigally rewarding for either

59



their amusement value or the taste of the soapsaftd when chewed).
Orangutans may be more motivated to copy such b&isavesting what is
learned socially, simply because their opportusifier social learning are
generally fewer. If the behavior itself is reprodd, perhaps the mimicking

orangutan can discover what, if any, adaptive beniéfyields.

Future study suggestions

As this was the first discussion among orangutaseaechers of these
behavioral variants, not all potentially culturakehaviors have been
systematically studied at all sites. Already sirm& conversations in
February 2002 and subsequent publication (van kchat al 2003),
increased alertness to potentially cultural behavithas led to new
observations which change some of our previouslteesuro improve our
understanding of orangutan cultures, researchersl c®gin to record rates
of these behaviors observed in different individual Right now, our
assignment of behaviors as customary, habituahmer was based largely on
impressions and recollections of the workshop piadits, rather than on
systematic recording of the behavior’s occurrengeatifferent individuals in
each population. Such careful investigations neagd |to further revisions.

Better species lists and more information about loét@n orangutans could
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find or utilize different species will improve oability to assess ecological
opportunities for the expression of different babapatterns. More cross-
site collaboration and the use of some standardubegrvational methods
and definitions can aid in our investigation ofrayatan behavioral diversity.
Videotaping can improve our ability to compare hebtiapatterns between

sites.

Another important question to answer in the stuflpan-human cultures is
whether putative cultural behaviors vary more betwsites than they do
within them. While the comparative approach weehaged makes clear
distinctions between gross behavioral categories déine either present or
absent, much more subtle distinctions are possiblgetailed comparative
studies of individuals within and between sitesictSstudies are difficult to
manage given the logistical vagaries of fieldwolkyt they are not

impossible, and they should be encouraged as tkelogical step in non-

human cultural investigations.

For much of this work, videotape will be a usefplerhaps necessary)
compliment to field notes for discerning variatiatghe individual level. In
our usual approach to recording orangutan behdvidrservations, we use

functional definitions of behaviors (e.gnést cover$) to simplify data
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gathering. In so doing, we may be overlooking aysttic differences in the
actual morphology of the behavior that would beregkearer evidence of
culture. For example, “tying shoes” may seem agttborward description
of a human behavior, but in fact there are diffegproaches to shoe tying
that are more prevalent in different parts of therld; and even local
variations within communities based on who taughom to tie their shoes.
Video analysis is ideal for detecting these finaHged differences in how
behaviors are performed, further illuminating difleces between sites and
allowing us to look for patterns that may be intiga of social learning
within sites. Such a study of chimpanzee handsclggoming, using
photographs and video stills, led to the discow@rynteresting patterns of

inter- and intra-population differences (Nakamur&&hara 2004).

The establishment of additional orangutan resesitels will further enhance
our understanding of orangutan cultural variatiod ghe range of orangutan
innovation. Every orangutan population studiedasdhas a unique cultural
repertoire.  Every well-established site yields que rare behaviors.
Sometimes new behaviors are seen soon after théssipened, such as the
observation of leaf pad and branch hook use faration at Agusan within

the first 15 hours of unhabituated orangutan foidwox & bin'Muhammad
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2002). The rapid loss of intact orangutan habitakes the need for more

widespread field research all the more urgent.

The exchange of observers between sites will improwr ability to detect
cultural differences. Human ethnographers frequemive the benefit of
extensive first-hand experience with at least twiteknt cultures in their
study species: the one they chose to study, andrteen which they were
raised. This is often not the case for those shgdyon-human primates, yet
individual familiarity with multiple populations isan essential step for
producing a more accurate and nuanced descripficzulture in another

species.
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Figure 3.1 Percent Timein Parties (by Nearest Neighbor Distance)
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Figures 3.2a-b Cumulative number of partners by observation day for each
foca at Ketambe and Suaq Balimbing (northern females designated
with sguares, southern/central femaes with triangle), for <50m
distances.
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Figures 3.2c-d Cumulative number of partners by observation day for each
foca at Ketambe and Suag Balimbing (northern femaes designated
with squares, southern/centra femaes with triangle), for <10m

distances.
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Figures 3.2e-f Cumulative number of partners by observation day for each
foca at Ketambe and Suaq Balimbing (northern females designated
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Figures 3.3a-c Means of the cumulative number of partners for each
observation day with the focal.
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Table 3.1 Very likely cultural behaviors at Suag Balimbiagd Ketambe
(C=Customary, H=Habitual, R=Rare, P=Present at owvkn
frequency, E=absent for clear Ecological reasomrflsent without
clear ecological reasons; darker fills indicatehkigfrequency)

Minimum
. Learning
Behavior Category KTB | pistance
(meters)
. weal skill or
Symmetric scratch convention 50
Sun cover weal skill
Twig biting convention

reference variant

Nest raspberry or convention

O Oulipd T O OHO

Branch scoop subsistence skill
Autoerotic tool weal skill
Leaf padding weal skill
Tree-hole tool-use subsistence skill
Seed-extraction tool-use subsistence skill
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Table3.2 Research Sites

site (abbreviation)

Suaq Balimbing (SQB)

Ketambe (KTB)

year orangutan
research began

1992 *

1971"

location

304'N, 9726°E *

340’ N, 9740E *

study area size

2000 ha”

450 ha'

0-50 m above sea level®

300-800 m above sea

altitude level®
freshwater swamp, peat primary hill and riverine
forest type swamp and some low hill | forest, with some
dipterocarp forest secondary forest
annual rainfall 3400mm * 3000mm *
population density 7 individuals/km?®? 5.5 individuals/km?®?
# habituated 55° 40°
orangutans
Rijksen 1978
references van Schaik et al 1995

pONPE

C. van Schaik, unpub.

te Boekhorst et al 1990
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Table 3.3 Information on Focal Individuals

Most Recent

Observations Offspring
) first age
name site | day lastday | hours | days | born | (yrs)* | sex
Ans KTB | 5/30/99 | 4/24/00 | 227 22 3/96 4 f
Binjei KTB | 7/4/99 | 4/3/00 322 32 4/98 1 m
Elisa KTB | 6/9/99 4/23/00 137 14 4/98 1 m
Pluis KTB | 9/21/99 | 10/15/99 | 63 7 6/93 6 f
Sina KTB | 5/17/99 | 5/25/00 | 166 16 1/93 7 m
Yet KTB | 5/10/99 | 4/6/00 255 24 8/92 7 m
SQB | 417/ 116/ 260 26
Abby N 4/17/99 | 8/16/99 114y | (12)* 6/90 9 f
. SQB 127/ 4/ 162 20
Beki N 8/27/97 | 6/14/99 B3 | (6) 10/97 1 m
SQB 189 27
Pelet N 2/2/98 | 7/30/99 (20)* (a)* 1/92 7 m
: sSQB
Ani s/ic 5/19/99 | 8/15/99 191 19 6/96 3 f
SQB 155 18 5
Hanes | ¢ | 8/21/98 | 8/7/99 @6y | (6)* 1/99 0 ;
. sSQB
Tevi o/c | 6/22199 | 7/13/99 | 37 6 1/96 4 m

* Numbers in parentheses are used for any analgygeding parties a2m
distances and for percent time in parties; thisrimfation was not available
in the database provided by Carel van Schaik. théoinformation in this
table includes the entries from that database.

T Age of current offspring is given based on thdpoint of observations
recorded for that individual. In the case of the& Balimbing females, the
age of the offspring given is at the midpoint ofetvations that include the
extra data added from Carel van Schaik’s database.
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Table3.4 Mean Party Size, Ketambe vs. Suaq Balimbing

Means Mann-Whitney (Wilcoxon)
KTB SQOB Test Statistic P-value
50m 1.445 1.976 21 0.6889
10m 1.065 1.170 25 0.2980
2m 1.005 1.058 33 0.0202

Table3.5 Mean Party Size, Ketambe, Suaq Balimbing North $naq
Balimbing South/Central

Means Kruskal-Wallis
Test
KTB SOQBN SQB S/C Statistic P-value
50m 1.445 1.127 2.824 7.6154 0.0222
10m 1.065 1.031 1.310 5.4103 0.0669
2m 1.005 1.039 1.076 6.5897 0.0371
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Table3.6 Mean Party Size (without next youngest offsprirggtambe vs.
Suaq Balimbing

Means Mann-Whitney (Wilcoxon)

KTB SQB Test Statistic P-value
50m 1.300 1.792 24 0.3785
10m 1.039 1.130 29 0.0927
2m 1.005 1.057 34 0.0131

Table3.7 Mean Party Size (without next youngest offsprirggtambe,
Suaq Balimbing North and Suaq Balimbing South/Centr

Means Kruskal-Wallis
KTB SOBN SQB S/C Test Statistic P-value
50m 1.300 1.127 2.456 6.5769 0.0373
10m 1.039 1.031 1.229 5.6154 0.0603
2m 1.005 1.039 1.074 7.1923 0.0274
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Table3.8 Percent time in parties, Ketambe and Suaq Bafighbi

Means Mann-Whitney (Wilcoxon)

KTB SQB Test Statistic | P-value
<50m 0.32987 0.49503 25 0.297952
<10m 0.06369 0.15764 25 0.297952
<2m 0.00503 0.05428 33 0.020241

Table3.9 Percent time in parties, Ketambe, Suaqg Balimblogh and
Suaq Balimbing South/Central

Means Kruskal-Wallis
KTB SQB N | SQB S/C |Test Statistic| P-value
<50m 0.32987 | 0.22761 | 0.76245 6.38462 0.04108
<10m 0.06369 | 0.08254 | 0.23274 2.53846 0.28105
<2m 0.00503 | 0.0392 | 0.06936 6.58974 0.03707
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Table 3.10 Cumulative Number of Partners (by day)

Mann-Whitney
Mean (Wilcoxon) Kruskal-Wallis
SQB | Test P- Test
distance | day | KTB | SQB | SQBN | S/IC | statistc | value | statistic | P-value
<50 10 4.4 6.6 4.33 10 17 0.398 | 3.933 0.140
<50m
15 525 |9 6 13.5 | 145 0.317 | 4.403 0.111
10 2 4 1.67 7.5 15 0.664 | 3.824 0.148
<10m
15 275 | 5 2 9.5 11 0.893 | 5.880 0.02<P<0.05
<2m 6 0.83 | 2.83 | 1.67 4 31 0.039 | 6.595 0.037

Table 3.11 Comparisons of differences between mean cumulativeber of
partners by observation day for KTB and SQB (sigraedk test)

KTB-SQB
Test Statistic P-value
<50m 1.2562 0.2091
<10m 1.3821 0.1669
<2m 1.8869 0.0592

105



Table 3.12 Comparisons of differences between mean cumulativeber of
partners by observation day for KTB, SQB N and S§8 (signed

rank test)
KTB-SQB N SQB N - SQB S/C KTB - SQB S/C
Test Test Test
Statistic P-value Statistic P-value Statistic P-value
<50m 2.3553 0.0185 3.2652 0.0011 2.8906 0.0038
<10m 3.2668 0.0011 3.2032 0.0014 2.8277 0.0047
<2m 0.8433 0.3991 2.0966 0.0360 2.0966 0.0360

Table 3.13 Indices of Partner Diversity, Ketambe and Sualpiang

Mann-Whitney (Wilcoxon)
Means Results
KTB SQB Test Statistic P-Value
250m H' 0.544 0.728 27 0.173
>50m J' 0.433 0.457 20 0.810
210m H' 0.241 0.538 27 0.036
210m J' 0.189 0.354 26 0.055
22m H' 0.178 0.304 19 0.513
22m J' 0.155 0.230 19 0.513

Table3.14 Indices of Partner Diversity, Ketambe, Suaq Bhlimgy North
and Suaq Balimbing South/Central

Means Kruskal-Wallis Results

KTB SQB N |SQB S/C | Test Statistic |P-Value
>50m H'| 0.544 0.560 0.896 6.231 0.044
>50m J' | 0.433 0.352 0.563 5.756 0.056
>10m H'| 0.241 0.350 0.726 6.982 0.030
>10m J' | 0.189 0.231 0.478 6.594 0.037
>2m H' 0.178 0.061 0.547 6.908 0.032
>2m J' 0.155 0.046 0.414 6.908 0.032
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Chapter 3

SOCIAL PROXIMITY IN THE ORANGUTANS OF SUAQ
BALIMBING AND KETAMBE

Introduction

In Chapter 2. The Content of Orangutan Culturespsiceration of
information from eight orangutan study sites regdalhat the number of
cultural variants exhibited at a given site is ipeledent of the observation
intensity at that site. One implication of thisding is that other factors
determine the variation in cultural complexity betm orangutan
populations. Social tolerance has been proposedkay factor in the social
learning that could lead to cultural variation (Ssi-Korbel and Fragaszy,
1995; Fragaszy and Visalberghi, 1990; van Schailalgt1999), and by
definition social learning can only take place whieere is social proximity.
Indeed, van Schaik et al. (2003a) showed that spsant in association was
correlated with the extent of the local repertafeultural behaviors at each
site for both orangutans and chimpanzees. Are oppities for social
learning the crucial factor in differential levetd cultural complexity?

Given the limitations to field observations, whahave discover about such
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opportunities in wild populations? Which aspedtsaxiality are relevant to

the distribution and maintenance of cultural bebes/within a population?

Both chimpanzees and orangutans have behaviorahtioas that are
considered cultural (Whiten et al., 1999, 2001; &uhaik et al., 2003a).
Sumatran orangutanBdngo pygmaeus abelii) at Suaq Balimbing have more
cultural behavior variants than at Ketambe (vana8clet al., 2003a; see
Chapter 2). Most cultural behaviors that diffetvibeen these populations,
including two forms of feeding tool-use, may reguitlose proximity for
social learning. Within Suaq Balimbing, the soutileentral females
specialize in tree-hole tool use to a greater exten the northern females
(van Schaik et al 2003b). In this chapter, | wdimpare several measures of
sociality, including mean party size, percent timeparties, cumulative
number of partners per day and indices of partmegrsity, for the adult
females of Suaq Balimbing and Ketambe. Higherexan these measures
of sociality for the orangutans at Suaq Balimbingar{icularly the
southern/central Suaq Balimbing females) would suppn important role
for very close observational learning in the spraad maintenance of tool-

use behaviors at Suaq Balimbing.

Opportunities for social learning, which allow amovation to spread and be
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maintained throughout a population, are affectecséyeral factors. Mean
party size (as used in Fox, 1998; van Schaik e2@D3b), though easy to
calculate, is only a crude indication of sociality.confounds the time spent
in parties (usually defined for orangutans as hgahleast one conspecific
within a 50 meter radius of the focal individuaijdathe number of possible
social partners in one measure. Time spentS@m distances may not
always correlate with time spent in much closerxpnity where details of

behavior might be perceived more clearly. A sepal@ok at the percent of
time spent in parties clarifies the portion of amrgutan’s daily activity

which may include opportunities for social learnifmt does not address
such factors as the diversity or frequency of dyaatieractions. Calculating
the number of different social partners observethvei focal individual

provides further insight into the opportunities fimformation exchange

within a population.

Another issue of concern is how time spent in paris distributed between
possible social partners. Some researchers hamoged that orangutan
sociality is limited by environmental constraintMiani et al., 1991;

Sugardjito et al., 1987). Orangutans might gaesmsame benefits that other

anthropoid primates apparently receive from higkeels of sociality; they
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are generally less social mainly because of thésaafsobtaining adequate
food and other resources that may be sparse anelywidistributed.

Sugardjito, te Boekhorst, and van Hooff (1987) fduhat orangutan social
group size is related to fruit availability, andggest that opportunities for
social learning are an important factor promotimgngutan social grouping,
particularly for contacts between younger orangsitaif limited resources
restrict orangutan’s time spent in parties, morenedistributions of time
with diverse partners would promote the spreadosthbehaviors through a
population, by allowing innovations and rare bebevito be observed by

more possible learners for a given amount of sdicred.

The performance of certain cultural behaviors masgy\according to social
partners within a population. Studies of soci@ngmission in Japanese
macaquesMacaca fuscata) show that the innovator’'s most frequent social
partners (her peers and matriline) were the fiesstatlopt a novel food-

processing behavior (Kawamura 1959, reviewed shida 1987).

For a thorough comparison of orangutan populatidns, necessary to use
comparable measures of sociality in observationsliféérent sites. This
study undertakes an exploration of social learmapgortunities, using a

uniform methodology for data collection on two wddangutan populations,

77



Ketambe (KTB) and Suag Balimbing (SQB), both on &tren Mean party
size for individual female orangutans at Suaqg Bling correlates with
propensity to use tree-hole tools in the same &alfitan Schaik et al.,
2003b), and Suag Balimbing has two distinct sochasters among females
(Singleton and van Schaik 2002), so | consider fesmtom these clusters

separately for some analyses.

The importance of proximity to social learning

Which behavioral variants can be socially learnexy mlepend on proximity
of social partners. Some behavioral variants @a®y éo observe from a
distance, whereas others might require closer isgrutor successful
emulation. Most analyses of orangutan social behaeok only at the
broadest possible definition of association, gdhenaroximity between
independent conspecifics of 50m or less. By theasare, there is little
difference between KTB and SQB. In fact, these sites represent the
upper end for both cultural repertoire and sogiadinong orangutans (van

Schaik et al., 2003a).

Certain behaviors probably require closer obsesmator successful social
transmission.  Obviously offspring have opport@stito observe their

mothers closely, but a complex behavior would beentigely to spread and
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be maintained throughout the population if indeggrndndividuals also had
the opportunity to observe one another closelyavpdrforming the behavior
(or infants or juveniles could closely observe itgependent social partner

of their mothers).

| recorded information for independent orangutguer@aching within 50m,
10m and 2m of the focal (see Methods, below). ifferent proximity
classes were selected because of their perceivadée'vin social learning.
Each proximity class also indicates a differentelesf social tolerance, in
that risk of injury from agonistic interactionshgyher if there is less distance

between pursuer and pursued.

At 50 meters apart, orangutans are likely to berawa one another’s
presence (this is also about the distance at wdiblhman observer notices
another orangutan during a focal follow, pers. pbAssociations at 50 to 10
meters would be indicative of at least some sdolatance as the orangutans
are likely to be aware of the other’s proximity asalld attempt to lessen it.
The orangutans (and the human observer) may beeataoughly what the
other orangutan is doing, and will probably healr lalt the softest
vocalizations from the other, but may not be ablsde in great detaiow

the other is doing whatever it is doing. This @nste was used in previous
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party size data at Suaqg Balimbing (Fox, 1998; veimak et al., 2003b).

At 10 meters the orangutans would be able to seeanother fairly well and
readily observe one another’s behaviors in somaildgirovided they are
facing one another and the foliage is not obstngcthe view too severely).
Orangutans less than 10m apart are likely to kbensame tree crown, and
the potential for co-feeding (and therefore feedowmnpetition) at this

distance indicates greater social tolerance.

At 2 meters or less, orangutans are generally witbach of one another.
They should be able to observe one another’'s behayiite clearly,

distinguishing even very subtle aspects of techaigug. what type of grip is
used when an object is in the hand). Not only emding, but also food
sharing or food “theft” (tolerated or otherwise)psssible. When observers
report “play,” the participant orangutans are alh@aays within two meters

of one another. Relaxed interactions at this destaare likely to indicate a

high degree of social tolerance.

Proximity and social learning opportunities for specific behavior

variants

In the Chapter 2, nine very likely cultural behasiovere described which

reached customary or habitual frequencies in eitherKetambe (KTB) or
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the Suaq Balimbing (SQB) orangutan population, bt in both

(summarized in Table 3.1).

Only two of these behavioral variants are cleabdgayvable from more than
10m away. Thesymmetric scratch at SQB is such a large and dramatic
movement that it is probably easy to learn obseymatly up to 50m away.
The sun coversat KTB are likewise obvious at 50m, particularlgchuse
they are only constructed when the orangutan ikliogi a nest in the sun,

with limited surrounding foliage.

Three behaviors seen at SQB and two at KTB probadajyire a distance of
no more than 10m for successful observational legrimwig biting, seen
only at SQB, involves handling and biting smalldge/before placing them in
the nest lining. Thaest raspberry (SQB) is sometimes so quiet that it can
be difficult to hear over the shuffling noises tleicompany nest building
(especially in videotapes, see Chapter 4). Thetifom of thebranch scoop
(SQB) is probably not obvious unless you can seeatater coming off the
branch’s leaves as it is pulled from the tree Hulkee-holes themselves are
not generally obvious from a distance). Similartiie function of an
autoerotic tool (KTB) would not be obvious unless one could cleade

what part of the body the orangutan was stimulatwvith a tool. The
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function ofleaf padding (KTB) is only clearly obvious when the thorns or

spines being protected against are seen.

The two types of feeding-tool use seen only at S@Blikely to require very
close observation for successful learning. Thedtssagitated byree-hole
tool-use may be visible at distances of 10m, but the tepmmiof actually
getting the tool into the tree hole is hard to seethe orangutans of SQB
generally have the tool in their mouth, with thieéad and body obscuring
most of the tool and the tree-hole itseBeed-extraction tool-usenvolves
the modification of even smaller twigs (Fox et 4999) and the seeds thus
acquired are only rarely visible to human obsenatrapproximately 10m
distance from the orangutans. In video recordigsthis behavior,
orangutans were sometimes seen to pause in thaifaraging activities and
closely approach other orangutans who are engagseed-extraction tool-

use,then watch the tool-using orangutan intently (M.rMie unpub. data).

The tree-hole tool-usebehavior is especially noteworthy for two reasons.
First, there is no clear ecological reason why guéans at Ketambe fail to
practice this form of tool use (van Schaik et @003a); orangutans at
Ketambe do extract insects and honey from treeshdiat they never use

probe tools to do so. Second, a previous studyuaty Balimbing showed
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intra-population variation in the degree of spezalon on this behavior.
This study found that adult females with home ranfpeused in the center
of the study site had higher mean party size ane were likely to engage
in tree-hole tool-usethan the adult females whose home ranges weradowa
the north of the study area, even where their hcanges overlapped (van
Schaik et al., 2003b). This correlation betweegrée oftree-hole tool-use
specialization and mean party size suggests thporamities for social
learning during development are an important faatotree-hole tool-use

specialization within the population.

In this chapter, | will compare the opportunities ocial learning at Suaq
Balimbing and Ketambe, by investigating measureghef time spent in
social proximity (within 50m, 10m and 2m of indepent conspecifics) and
the number of social partners encountered by facamals at different
proximities. Based on the number of cultural vatsarequiring close
proximity for observational learning, the orangwat Suaq Balimbing are
predicted to have more time and more social pastiercloser proximity

than the orangutans at Ketambe.
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Methods

Study sites

Research was conducted at Suaq Balimbing and Ketamio established
research sites in Mount Leuser National Park, endland of Sumatra (Aceh
province, Indonesia — see Table 3.2, and figureftdrh Chapter 2). Both
sites contained populations of unprovisioned wildm&tran orangutans,
Pongo pygmaeus abelii. Results are reported only for adult females with
dependent offspring. Adult females were the mostrmon focals, and they
vary less in size and ecological considerations thdner age/sex classes,

reducing the uncertainty caused by small sampkssiz

Research for this project at Ketambe was conducted May 1999 to May
2000. Ketambe orangutans were first studied bksen in 1971, and
researchers have maintained orangutan observaiitoK&etambe since that
time. Some ex-captive orangutans were introduaedthe Ketambe
population in the 1970s. One of these, a femafeeaaBinjei, successfully
raised some offspring, including the now adult feenans (both of these
females are used as focals in this study — seet@h@agor more information

on these orangutans).
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Research for this project at Suaq Balimbing too&cel from March to
September 1999. Carel van Schaik began orangutssangh at Suaq
Balimbing in 1992, and study there continued utité site was closed in
1999 (at which time research was halted for secueasons due to illegal
logging and political turmoil in the region). Foertain measures of sociality
at 50m and 10m, additional data provided by Camh Bchaik were
included, to increase total observation hours fome Suaq Balimbing
individuals so they were comparable to those fog tetambe focal
individuals (see Table 2). In these cases, | ubed most recent data
collected for observation days during or prior ty project. For some
analyses, northern and southern/central females féoaq Balimbing are
considered separately, based on the clusteringtegpby Singleton and van

Schaik (2002, see Table 2).

Identical data sheets and methods were used faf twangutan follows at
both sites for the Orangutan Cultures Project. ddita sheets and collection
procedures for data on social encounters at less 30m and less than 10m
provided by van Schaik were virtually identicaltt® methods used for this
study. Mohammed Isa and Nuzuar S. Hut assisteld data collection at

Ketambe. Bakrijas, Nuzuar S. Hut, Abdusamad, Agihar, Carel van
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Schaik, Irma, Ishak, Mukudis, Nur, and Zulkifli &ged with data collection
at Suaq Balimbing. The three primary assistantsh@imed Isa, Nuzuar S.
Hut and Bakrijas) were trained by Michelle Merriéind worked with one
another and with the other researchers and adsidtaisupport consistency

in data collection procedures.

Only independent individuals were followed for fbodata (including
adolescents, sub-adults and adults of both setxespnly adult females were
included in these analyses (see Table 3.3). Foalsoteractions, observers
recorded the start and end of any time when anatidependent individual
was within 50, 10 and 2 meters of the focal indiad The age/sex class and
name of the other was recorded whenever it coulddiermined. For 10
meters and 2 meters, observers also recorded whdaikidual actively
approached and which actively left proximity, anfteom made notes
regarding the behavioral context. For details @mv hnconsistencies or
discrepancies in the datasheets were handled, geendix . The different
proximity classes were chosen primarily becausaf relevance for social
learning and the perceived level of social toleeafmr each distance (see

Introduction, this Chapter).
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Measures of sociality

One measure of sociality mean party size (MPS) computed as follows

MPS=Xn,+ 1
a

wheren is the number of minutes in proximity with an mdiual, p is the
number of individuals who were ever recorded at graximity with the
focal, anda is the total number of active observation minudtesthe focal

(Fox, 1998).

The MPS is an efficient way of summarizing the abityi of an individual,
and the mean of all MPS scores is a concise measuhe sociality of the
population. However, it does eliminate some pdgsilseful distinctions.
For instance, an individual who is in proximity tvianother independent
individual most of the time (but only one at a tjinmeay have a lower MPS
than an individual who rarely has any social pagnbut the few times she

does, she has many others in proximity simultarigous

For each distance class50m,<10m and<2m), | compare MPS scores for
the females at SQB and KTB using the Mann-Whiti&jldoxon) test. To
compare the females as three populations (KTB, 8iQ&hd SQB S/C) | use

the Kruskal-Wallis test.
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Next oldest offspring. These offspring are considered independent
individuals, so they were included in the sociatada However, social
interactions between mother and independent offgpare less likely to
produce opportunities to spread and maintain nbeéhaviors throughout a
population. If the bulk of social interactions wdretween mothers and these
offspring, social learning opportunities would beainly through vertical
transmission (leading to uniformity within matriéia and variation between

matrilines comparable to the variation between jatmns).

One confounding issue for investigating the role tké next youngest
offspring in social measures was the fact that SBalmbing had been a
study site for a much shorter duration than Ketarsbehe lineages were not
as well known. To accurately compare the two sitedy females whose

youngest independent offspring were known were idensd.

For each distance class, | compare MPS scoresdutitine next youngest
offspring) for the females at SQB and KTB using thkann-Whitney
(Wilcoxon) test. To compare MPS scores (withoug¢ thext youngest

offspring) for three populations | use the KrusWéhllis test.

Percent time in partiesis calculated by dividing the number of minutes in
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which the focal has one or more social partner iwithe given distance
category (including independent offspring) by tb&ak observation time for
that focal. For this measure, | was not able t® the data provided by C.
van Schaik. For each distance class, | compaepetime in parties at that
distance for the females at SQB and KTB using thanMWhitney

(Wilcoxon) test; when SQB N and SQB S/C are considiseparately, | use
the Kruskal-Wallis test to compare percent timeparties for the three

populations.

Cumulative number of partnersis a calculation of the minimum number of
different individuals a focal had encountered (@dohg independent
offspring) after a given number of days of focdldas. In determining the
cumulative number of social partners, individualsowwere not positively
identified were assumed to be the same as the aregtevious positively

identified individual of the same age/sex class.

| took two different approaches to compare the datue number of
partners for focal females at each site. | usedMann-Whitney (Wilcoxon)
test and the Kruskal-Wallis test to compare theesxdor females after a
specific number of observation days (day 10 and ayor the<50m and

<10m distance classes, day 6 for tif&m distance class). | also used a
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signed-rank test (with continuity correction apg)i¢go compare the mean
cumulative number of partners by day for each fpdsgair of sites (KTB

vs. SQB, KTB vs. SQB N, SQB N vs. SQB S/C, and WEBSQB S/C).

Partner diversity or “evenness”| calculated the Shannon-Weaver index of
diversity H' , Zar 1999) for each focal, at each site, in eacxipity class,

to determine how evenly the focal divided her tiamong identified social
partners (instances where the social partner waspositively identified
were not included in this analysis). Zar (199%)igates thaH' is influenced
by the number of categories. As there were magstified possible partners
at Suaq Balimbing than Ketambe, | also computede\anness score for
each focal I', also known as “relative diversity”) that factanst the number
of categories.J' is often an overestimate of population evenneas {299).

| used the same population-wide number of categaateSuaq Balimbing
when calculating the)' scores for northern and southern/central Suaq
Balimbing females. For each distance class, | @mid’' andJ' at that
distance for the females at SQB and KTB using thanMWhitney
(Wilcoxon) test; when SQB N and SQB S/C are considiseparately, | use

the Kruskal-Wallis test to compak¥ andJ’ for the three populations.
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Results

Mean party size

Results for mean party size analysis are presemedable 3.4-3.7.
Comparison of MPS at Ketambe and Suaq Balimbingvedosignificant
differences at<2m distances. When the northern and southern&entr
females were considered separately, the SQB S/@lésninad significantly
higher MPS than the SQB N or KTB females<&0m distances. The KTB
females had significantly lower MPS &Pm distances than the SQB S/C
females. The pattern of significant results was same whether the next
youngest offspring was included (Table 3.4 and 8r5hot (Tables 3.6 and

3.7).

Percent time in parties

Figure 3.1 shows the mean percent time spent tirepaby nearest neighbor
distance, for Ketambe, the combined Suaq Balimlgogulation and the
separate northern and southern/central Suaq Balgrfbmales. All percent-
time-in-parties data is based on data from thidystithout additional data
provided by van Schaik. Suag Balimbing femalessgegnificantly more
time with partners at<2m distances than Ketambe females, and

southern/central Suaq Balimbing females spent fsgmitly more time with
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partners at<10m and<2m distances than Ketambe or Suaqg Balimbing

northern females (Tables 3.8 and 3.9).

Cumulative number of partners

The cumulative minimum number of partners for efodtal by observation
day (at<50m,<10m and<2m distances) are shown in Figures 3.2a-f. The
cumulative minimum number of partners for each fasadays 10 and 15
(for the <60m and<10m distances) and day 6 (for tiem distances) were
compared between sites (Table 3.10). The soutlemmales at Suaq
Balimbing had a higher mean number of partnerstimse days in all
distance classes. Differences were significany onl day 15 for thec10m
distances (for KTB, SQB N, and SQB S/C) and on @afor the <2m

distances.

The mean cumulative number of partners by obsenwalay for Ketambe
and Suag Balimbing females were compared in a digaek test (with
continuity correction applied, Table 3.11, FiguB3a-c). For thec50m and
<10m distance classes, the difference between meassompared for the
first 14 days of observation. Pluis from KTB andvil from SQB were
excluded from these means because they did notsdfieient observation

days. For the2m distance class, the means for the first 6 olasierv days
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were compared. Pelet was excluded from these meassshe had
insufficient days based on data from this studyhout the additional data

from van Schaik.

The three possible pairs of Ketambe, Suaq Balimimaghern and Suaq
Balimbing southern/central females mean cumulatweber of partners by
observation days were likewise compared (Table,Fidures 3.4a-c). All
comparisons showed significant differences exceptkiTB — SQB N at

<2m.

Partner diversity

For every distance class the Suaq Balimbing pojondiad higher average
indices of diversity and evenness than the Ketapapailation. In all but one
case (H' at 10m) this difference was not signific@fvilcoxon, Table 3.13).
In these diversity scores, northern Suaq Balimbiemales often scored
lower than the Ketambe females, with southern/eérnfluaq Balimbing
females scoring much higher. In all but one cdsat(50m) this difference

was significant (Kruskal-Wallis, Table 3.14).

Discussion

Of the cultural variants that differ between SuaaifBbing and Ketambe,
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Suaq Balimbing has more requiring an estimated mum learning distance
of 10m or 2m (Table 3.1). In every measure ofadyi the combined Suaq
Balimbing score was higher than Ketambe. Thesderdiices were
significant in almost all cases at thm distances, except for the diversity
measures. This strongly supports an importané ralr very close

observational learning for the tool-use behavi¢/Swaq Balimbing.

The southern/central females at Suaq Balimbingiajiee in tree-hole tool
use to a greater extent than the northern femabkas $chaik et al., 2003b).
Again, in every measure of sociality, the southmnfral Suaq Balimbing
females scored higher than the northern femalethe@rKetambe females.
These differences were significant in all caseshat<2m distances, and
often at <50m distances as well. The greater social toleraimc the

southern/central Suaqg Balimbing females may besaltref the high density
of the most important food tre@eframerista glabra) in the south of the
study area (Singleton and van Schaik, 2001). Tdresequences of their
social tolerance include greater opportunities docial learning that may

have resulted in their tool-use specialization.

The pattern of difference in mean party size betwpepulations in this

study shows that Suaq Balimbing females have higlesan party sizes than
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Ketambe females, especially a2m distances. There were striking
differences in MPS between the southern/central aodthern Suaq
Balimbing females, with the northern Suaq Balimbifegnales having a
lower average MPS than even the Ketambe femalesS@tin and<10m
distances. One difference that seemed appareneéetthe two sites was
the apparently greater tendency of females at Klegatim spend time with the
next oldest (usually sub-adult) offspring, relatite their other social
interactions. While this seemed to hold true (dasing the P-value of
differences between sites), it did not have an ohpa the pattern of which

inter-population differences were statisticallyrsfggant.

The mean party size measure may confound the §igarties with the time

spent in parties. Individuals who are often irg&arparties but who do not
spend as much total time in parties may not havawsh actual opportunity
to learn socially from experienced models of a bedraas it is unlikely that

an individual in a group of five can adequatelyafs the behaviors of all
five social partners simultaneously. Percent timparties may give a better
indication of observation opportunities. By thigasure, as with MPS, the
females at Suaq Balimbing have more time in prowirto possible models

(particularly at <2m distances) than those at Ketambe, especially the
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southern/central Suaq Balimbing females.

The southern/central females of Suaq Balimbing entyed different social
partners at a higher rate than females in nortifewaq Balimbing or
Ketambe. This means that novices are more likelgantact innovators or
experienced early adopters. They have more mddetsbserve if social
learning plays an ongoing role in improving thefpenance of complex
behaviors, which is probably important given the seabations of
experienced seed-extraction tool-users pausingpeir feeding to approach
and closely observe others performing this behavidre results showed that
differences between Suag Balimbing south/centralafes and the other
populations were increasing with increasing nundjesbservation days for
number of unique social partners encountered58im and<10m distance
classes. Longer-term study might reveal even msaeificant differences
between populations at 20 or 30 days of observdoreach focal, and

might reveal even more striking differencesain distance.

Van Schaik et al. (2003a) found that cultural répes size in orangutans
was not correlated with either time spent restiag iGdicator of free time)
or time spent feeding on cambium (an indicator @ddf scarcity, when

compared to repertoire of feeding-related variarits} that repertoire size
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was related to time spent in association for ortanguand chimpanzee
populations. However, higher numbers of partnersore time spent with
nearest neighbors less than 50m away does not saitgstranslate into
more or better opportunities to learn. Fineriddtons of proximity reveal
differences between Ketambe and Suaq Balimbing gotans, two
populations at the higher end of both sociality anttural repertoire size.
How a focal individual's social time is distributeehong social partners can
vary tremendously. Analysis of the percentage axfhefocal individual's
social time spent with different partners showeat gouthern/central females
at Suaq Balimbing distribute their time more evehign northern females or
the females at Ketambe. This means, especiallybfiraviors that are
performed less frequently, Suaq Balimbing’s soutfemtral females have a
better relative opportunity for the behaviors toesygl from innovators and
experienced learners to novices. This might lpe@ally critical for tree-
hole tool-use, where opportunities to perform care the behavior are

widely distributed in space and time.

So how are northern Suaq Balimbing females learfeegding-tool use and
the other behaviors characterized as customaryighaut the population if

their sociality scores are even lower than thod€esdmbe? The two social
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clusters at Suaq Balimbing are interconnected, witicasional contacts
between females and contacts with the same maleterbgles of both
groups. One likely explanation is that behaviorseag rapidly and are
maintained in the southern/central cluster, and thigiquity in that social
network ensures their endurance and spread thratighe interconnected
population. A more detailed study of the netwondds dyadic social
interactions of all age/sex classes in the SuagriBalg population should

provide further insight to this question.
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Figure 4.1 Nest positions in tree: 1) on horizontal branch near trunk (often
where two horizontal branches emerge); 2) on horizontal branch(es)
away from trunk; 3) in acute angle of large branches/trunk split; 4)
branches from two trees woven together.
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Figure 4.2 Average nest building duration by age/sex class and
presence/absence of nest raspberries (NR). Age/Sex Classes.
AF=Adult (parous) Femae, AM=Adult (flanged) Mde; Adol. F =
Adolescent Female (recently independent, not sexualy mature);
SAM=Sub-Adult (unflanged, sexually mature) Male.
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the nest raspberry was recorded as present or absent.

Figure 4.3 Mean night nest building duration for individuals, for nests where
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the nest raspberry was recorded as present or absent.

Figure 4.4 Mean day nest building duration for individuals, for nests where
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Figure4.5 Percent of day nests with or without nest raspberries (NR Present
or NR Absent) with nearest neighbors at each distance class: >50m (no
independent conspecific present), <50m, <10m or <2m, for focals with
significant X?relationships.
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Figure 4.6 Percent of nests built with nearest neighbor at various distance
classes for Ketambe (solid) and Suaq Balimbing (striped) females.
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Table 4.1 Nest-related behaviors that vary between SuagmBalg and
Ketambe. (C=Customary, H=Habitual, R=Rare, P=Ptesan
unknown frequency, E=absent for clear Ecologicabsoas,
A=Absent without clear ecological reasons; darkids findicate

higher frequency)
Behavior Category SQB KTB
Sun cover weal skill A
Shelter under nest weal skill A R
Nest raspberry reference variant or unknown C A
Twig biting unknown C A
Multi-tree nests weal skill C P

Table 4.2 Number of identified focal individuals by age/sdass at each site
included in this study, with age/sex class abbtmna defined.

Class Definition # at # at Suaq
Ketambe Balimbing
AF Adult (parous) Female 6 13
AM Adult (flanged) Male 2 10
Sub-Adult (unflanged, 2 4
SAM sexually m(ature) Ig\y/lale
Adolescent Female 1 1

Adol. F | (recently independent, not
sexually mature)
Adolescent Male (recently 0 0
independent, not sexually
mature, no larger than
adult females)

Adol. M
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Table 4.3 Presence or absence of nest raspbeuging nest building
observations at Suaq Balimbing (P: present; A: @b&e unknown;

bold names indicate individuals used for nest raspberry
comparisons).
Da Night Night
Focal | Age/Sex Day Nests Nesyt Nests Ngst (_Brroa}[r;?
P | A 2| Totals | p | A Totals

Abby AF 12 12| 9 10 22
Agus AM 1 1 1
Andai | Adol. F 1 6 70 1] 1 2 9
Ani AF 3] 181 2215] 1 18 40
Arno AM 5 5 1| 3 4 9
Beki AF 3 6 9| 2| 4 6 15
Bestel SAM 1 1 1
Brus AM 1 1] 1 1 2
Budy AM 3 3 3
Caca AM 1 1) 1 1 2
David | AM 1 1 1
Diana AF 2 2 2
Hanes | AF 1 7 8| 2| 2 4 12
Herdi | sam 1 7 8| 1 1 9
Karen AF 1 1 1
Mira AF 2 21 1 1 3
Musa | SAM 1 1 2] 1 1 3
Ngon | AM 3 3] 1] 1 2 5
Novi AF 2 2 2
Olly AM 1| 11 12| 2| 2 4 16
Payung | SAM 1 1 1
Pelet AF 2 2 2
Sela AF 1 1 1
Tevi AF 6 6| 2 2 8
William | AM 1] 12 13| 5| 1 6 19
Yinta AF 2 2 1 3
Zuar AM 4 41 1] 1 2 6

Grand Total 13 /110 | 1 124 | 54 | 16 74 198
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Table 4.4 Mean day and night nest building duration for eaghl/sex class at
Suag Balimbing, with comparisons of day and nigestrbuilding

duration within each class.

Day Nests Night Nests Wilcoxen Signed Rank
Mean Mean Test
bU|Id|_ng N bu|Id|.ng N Statistic P-value
duration duration
AF 1.8 12 8.2 13 2.85 0.00443
AM 2.4 11 7.5 10 2.63 0.00867
Adol F 3 1 7 1 - -
SAM 2.7 3 9.2 5 1.34 0.181

Table4.5 Day and Night Nests With or Without Nest Raspiesrr

Focal Ani Becky | Hanes
# day nests 21 9 8

# with nest raspberry 3 3 1
Average duration with raspberry (minutes) 2.7 3.3 7
Range of duration with raspberry (minutes) | 2-4 2-5 7
Average duration without raspberry (minutes) | 2.7 2.2 2.4
Range of duration without raspberry

(minutes) 1-7 2-3 1-4
Test Statistic 255 4 n/a
P-Value 0.915 | 0.165 n/a

# night nests 16 6 4

# without nest raspberry 1 4 2
Average duration with raspberry (minutes) 9.1 8 9.5
Range of duration with raspberry (minutes) | 4-13 5-11 8-11
Average duration without raspberry (minutes) | 2 7.3 7.5
Range of duration without raspberry

(minutes) 2 5-11 6-9
Test Statistic n/a 4.0 1.0
P-Value n/a 0.812 0.699
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Table4.6 Individual comparisons for nest position and pneg or absence of
the nest raspberry (italicized values are with ¥aterrection).

Day Nests Night Nests
X2 P-value X2 P-value
Ani 1.13 0.770 - -
Beki 1.50 0.682 3.00 0.223
Hanes 8.00 0.046 2.00 0.379
Arno 1.33 0.513 -- --
Olly 5.45 0.141 2.00 0.368
William 0.00 1.000 0.00 1.000
Andai 0.88 0.646 0.00 1.000
Herdi 3.43 0.180 - -
Musa 0.00 1.000 - -
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Table 4.7 Comparisons for pooled Adult Females (AF) and [Addales
(AM) of nest position and presence or absenceeh#st raspberry.

Day Nests Night Nests
X2 P-value X? P-value
AF 5.74 0.125 1.60 0.449
AM 5.01 0.171 1.28 0.735

Table 4.8 Paired-sample signed rank tests for distancedmstwest and top
of tree for nests with and without nest raspberries

Day Nests Night Nests
Test statistic | P-value | Test statistic | P-value
AF 0.00 0.999 0.80 0.423
AM 0.89 0.371 1.08 0.279
SAM 0.89 0.371 - --
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Table 4.9 Results ofX? analysis of nearest neighbor distance effects on
whether a nest raspberry was given for either @sysnor night nests
(bold are significant values, italicized are with Yatestrection)

Day Nests Night Nests
X2 P-value X? P-value
Ani 6.30 0.043 1.07 0.59

Beki 0.08 0.777 0.00 1.000
Hanes 8.00 0.018 2.00 0.368
Arno -- -- 0.00 1.000
Olly 2.18 0.336 4.00 0.135
William 2.44 0.296 0.00 1.000
Andai 2.92 0.405 - -
Herdi 1.14 0.565 - --
Musa 0.00 1.000 -- --
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Table4.10 Results ofx? analysis {ith Yates’ correctionand Fisher's Exact
Test (FE2P = P-value for two-tailed test) of nelaresghbor’s line-
of-sight relationship with whether a nest raspbevas given when
day nests or night nests were built.

Day Night
X2 | pvalue | FE2P | X? P-value FE2P
Ani | 033 | 0.568 048 | 0.00 1.00 1.00
Hanes | 1.47 | 0.225 013 | 0.19 0.665 0.33
Ngon | - - - 0.00 1.00 1.00
Andai | 0.00 | 1.000 1.0 - - -
Herdi | 0.00 | 1.000 1.0 - - -

Table 411 Results ofX? analysis With Yates’ correctionof focal female’s
infant distance effects on whether a nest rasplveas/given.

X2 P-Value
Ani Day Nests 0.7 0.402
Beki Day Nests 0.0 1.00
Beki Night Nests 0.0 1.00
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Table 4.12 Comparisons of percent of multi-tree nests (AM=Kddale,
AF=Adult Female), Mann-Whitney/Wilcoxon.

W (test statistic) P-value
AM v. AF Day Nests 14.0 0.383
AM v. AF Night Nests 11.0 0.096
Day v. Night Nests AF 8.0 0.687
Day v. Night Nests AM 10.0 0.212

Table 4.13 Dispersion tendency for females (percent of nigtgts without
independent conspecific <50m distant - percent timighout
independent conspecific <50m distant) at Ketambe &waq
Balimbing (Signed Rank Test).

KTB SQB

Mean 0.16 0.07
Test statistic 1.47 1.28
P-value 0.142 0.201
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Chapter 4

ORANGUTAN NEST-BUILDING BEHAVIORS

Introduction

All mature great apes build sleeping nests, platiconstructed of bent or
broken branches and other vegetation that are rcmtesti nearly every night
(Fruth and Hohmann, 1996). They sometimes buitdlar (though usually

simpler) nests for resting during the day. Whitene of this behavior may
be innate (as it is displayed even by juvenile apesed in isolation), there
appears to be a learned component to nest buildiethmate, 1977), and
this could lead to cultural variation through sbdearning. Seventy-five

years ago, Yerkes and Yerkes viewed nest-buildimgray great apes as
indicative of “increasing dependence on manipufatay modification of

environment as a method of behavioral adaptatid®829 p. 564, reviewed in

Fruth and Hohmann, 1996).

While some studies have compared nest building apufations of
chimpanzees Ran troglodytes, Baldwin et al.,, 1981), bonobosPgn
paniscus, Fruth and Hohmann, 1993), or gorillaSofilla gorilla, Tutin et

al., 1995), these have mainly focused on physicatacteristics of the nests,
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and have been unable to discern population diftererthat could not be
accounted for by ecological variation. Orangutdfongo pygmaeus)

researchers found several behavioral variantseckl&d nest-building that
could not be attributed to ecological differences are likely to represent

cultural variation (van Schaik et al., 2003).

In this chapter, | will review the data on nestlhmg at Suaq Balimbing as it
relates to the context of tmest raspberries cultural variant and address its
possible function. | will compare some measuremfSuaq Balimbing with
data on nest building by orangutans at Ketambeyravhest raspberries are
completely absent. | will also confirm the di#ece in frequency of multi-
tree nests reported for these two sites, and caengaportunities for social

learning during night-nest construction.

Great ape nests

Great apes are the only primates that build nigsieping platforms. Some
smaller primates in the Lemuriformes and Galigitagld nests for their

infants (and sometimes for use by parents), ancessmall primates in the
Lemuriformes and Callitrichidae use tree-holesdi@eping and shelter that
may be lined with vegetation, but none of the largenkeys or Hylobatidae

(gibbons and siamangs) construct sleeping platfanshelters (reviewed in
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Kappeler, 1998).

The nests that great ape species build in treesbaradly similar (see
Baldwin et al., 1981; Fruth and Hohmann, 1993; &djga, 1983; Tutin et
al., 1995) . They are constructed by bending eaking larger branches that
are interlaced to achieve a stable platform. Pphasform is often lined with
twigs, leaves and other soft vegetation. Adultd endependent adolescent
apes generally build a new sleeping nest everytnighependent infants
always occupy their mother’s nest, while juvenibé®n build nests of their
own. Nests are also sometimes built in feedingstr@uring the day (Fruth

and Hohmann, 1996).

Nests are often used for census work on unhabdugeat ape populations
(e.g. Brugiere and Sakom, 2001; Ghiglieri, 1984timand Fernandez, 1984;
van Schaik et al., 1995), because they are laiggnctive structures, easily
countable during transect surveys, that are maderegular basis and decay
at a reasonably predictable rate. Consequentlghmiithe research on nest
building in apes has focused on questions thatbeaanswered during such
census work or gquestions that are applicable tsusemwork. Comparisons
between sites are generally based on data takeg ddferent methods at

each site. When data on nests are taken usingsémshniques, differences
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between individuals (except for what can be deteechiby the size of the
nest or the feces below it) are indistinguishalaled are therefore rarely

considered.

Even with these limitations, there is enough infation available in the
literature to show that nest-building behavior¢ha great ape species vary in
several ways. The size of nest-groups, the heigbation and structure of
the nests, and (where known) the duration of nastling activities varies

between and within species.

Gorillas

Gorillas are the only great apes that frequentlydboests on the ground
(more often than in trees in some populations)t tke 35% of nests built in
trees at Lopé, the mean height is 10.3m (Tutid.e1895); for the 82% built
above ground at Ngotto, the average height is @¥yn (Brugiere and
Sakom, 2001). There is some indication of prefesenr avoidance of
certain plant species used for nest material (Teitial., 1995). The type of
nest constructed is related to habitat type andoseéTutin et al., 1995).
Nests are most often built in and around forestaralgs (Brugiere and

Sakom, 2001).
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Gorillas form close-knit bisexual groups, and teéodbuild their nests in
groups; females in a social group will wait for #heminant silverback male
to build his nest, then build their own nests nggreviewed in Fruth and
Hohmann, 1996). Over the course of a four yaaiysof one such group at
Lopé, no nest sites had fewer than three recogieizadsts (Tutin et al.,
1995). At Ngotto, only three out of 27 nest sitesd fewer than three

individual nests (Brugiere and Sakom, 2001).

Bonobos

For bonobos at Lomako, Fruth and Hohmann (1993hdoilne mean nest
height to be 16m, noting that day nests are onageehigher than night
nests. Frequency of day nest construction peakseitate morning. Males
build their nests lower in the trees than femalBenobo females spend an
average of less than one minute constructing ardesy, and mean nest-

building duration for day nests was even shortenfales.

Bonobos often gather in the evening before buildigr night nests (Fruth
and Hohmann, 1996; Merrill and White, 1996). Tbad-calls frequently
given by bonobos preparing to build night nests rfaylitate this social
cohesion (Merrill and White, 1996). Fruth and Hamn (1996) found the

mean nest-building duration for night nests forhbs¢xes at Lomako is 4.2
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minutes, with a maximum duration of 7 minutes. d.8san 4% of day nests
integrate branches of more than one tree, wherE#sot bonobo night nests

incorporate two or more trees (Fruth and HohmagBagL

Fruth and Hohmann (1993) also found that bonobak rait use nests
exclusively for resting. Bonobos occupying neseravobserved feeding
(10%), allo-grooming (5%) or engaging in socialypl@8%). Nests were
built following the approach of a conspecific in cases, apparently as a

way to reduce agonistic interactions over food.

Chimpanzees

Despite the large number of cultural variants reggbfor chimpanzees, there
are no “very likely” (Chapter 2) cultural varianta chimpanzee nest-
building (Whiten et al., 2001). The one behavior where glainzees were
noted to vary (in a comparison of nine long-terodgtsites) was in building
night nests on the ground. More than 10% of nigtgts were built on the
ground at Gombe and Budongo, but ground-night-nest® not common
elsewhere; environmental explanations for this edéhce could not be
excluded (Whiten et al., 2001). Earlier compamatigtudies found
differences between sites in nest height, the nurobeests per nest-group,

the percent of exposed nests built (on the top emppery of the tree
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canopy), the number of nests per tree and the girtthe nest trees for
populations in Equatorial Guinea and Senegal, Hubfathese differences
could be attributed to ecological differences ia study sites (Baldwin et al.,

1981).

However, there are some suggestions that aspectssofbuilding might be
found to vary culturally with further investigationFor instance, Goodall
(1968) describes nest-building in oil nut palmElagéis guineensis),

apparently requiring practice of a special techaidor success, that went
from absent to widespread among the chimpanze&ouofbe over a period
of three months. Boesch (1995) describes the ingildf day nests (either in
trees or, particularly, on the ground) increasimgnuatically in frequency
and spread amongst individuals in the Tai chimpanmepulation. These
changes could not be attributed to environmentahghs, and are likely to

reflect behavioral innovations spread by sociairiemsy.

Chimpanzees usually nest in parties (Goodall, 188¢dwin et al., 1981,
McGrew, 1992). The spacing between nests in theegeee was found to be
roughly equal (about 4m) at two ecologically distirsites (Rio Muni in
Equatorial Guinea, and Mt. Assirik in Senegal, Baidet al., 1981). At

Gombe, nest building duration was 1-5 minutes, gm@dmean nest height
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was about 14m (Goodall, 1968).

Chimpanzees do not regularly build nest coversngurain (though once a
chimpanzee built a nest with a “roof” of palm frenth the 1965 rainy
season at Gombe, Goodall, 1968). In fact, one ystslkdowed that
chimpanzees were more likely to build more exposesits (at the top or
edge of the tree’s canopy as opposed to under dhepg) in the rainy
season, which might have an advantage for warrmdgdaying the occupant

in the morning sun after a rain (Baldwin et al.81p

Orangutan Nests

As the most arboreal of the great apes, oranguwthveys nest in the trees.
Orangutans will sometimes re-use old nests, but Mght nests they
reconstruct the inner lining (Rijksen, 1978). Kdtambe, the most common
nest height was 13-15m (Rijksen, 1978). Day nastssometimes found in
trees where orangutans are feeding, but night aestsarely built in fruiting

trees (Rijksen, 1978; Sugardjito, 1983). The chaiteest sites in different
age/sex classes of orangutans (height in the meximity to fruit trees)

indicates an important anti-predation functiontfog nest (Sugardjito, 1983).
Orangutans often build their night nest on slopeatdhe edge of a gap in

vegetation, presumably for a better view of thairrgundings (Rijksen,
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1978).

Further evidence for orangutan nest-building inocaing a learned
component is the lack of skill in nest building éited by some ex-captive
orangutans during rehabilitation (Rijksen, 1978jijksen reports that some
of these rehabilitants later “learned to build egar tree nest, in some cases

by imitating others during play sessions” (page)372

Orangutans (particularly juveniles) use nests asmaponent of social play.
A pair or group will wrestle on or just above a thesnd one or more
members of the play group might add to the nestédxn wrestling bouts, or
the nest might be disassembled during play. Somestias many as 12 play
nests will be built in a fruiting tree by a playogp in one day (Rijksen,
1978). Discussion among orangutan researchers ¢hiffierent long-term

sites revealed this behavior to be universal imgutans (see Chapter 2).

One nest building behavior not reported for chingess (Whiten et al.,
2001), rarely seen in bonobos (Kano, 1982), butadiered to be universal in
orangutans, is the construction of rain covers (Skapter 2). Leaves and
twigs are arranged loosely over the orangutan énnibst, in a fashion that

sheds rain away from the nest and its occupant.l§dnes and twigs to be
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used for a nest cover may be collected far fromresibe nest is built
(Rijksen, 1978), indicating some planning or fooetght in nest cover

construction.

No other ape has been reported to have the lewallfral variation in nest-
building that has been found in orangutans. Inchiagg the behavior of
orangutans during nest building, researchers deseolv several cultural
variants related to nest building activities, irtthg bunk nests, sun covers,

shelter under nest, nest raspberry andtwig biting (van Schaik et al., 2003,
see Chapter 2 for details). The Sumatran orangptgulations at Suaq
Balimbing and Ketambe showed differences in manyhete nest-related
behaviors (Table 4.1). While most of these sepfaeent functions as weal

skills, the functions of the nest raspberry andytliting are unclear.

The nest raspberry is a forceful expulsion of agtween relaxed lips
(Chapter 2). The function of this behavior is @ae| and it is not seen in
wild orangutans at Ketambe. The sound is simdathe noises orangutans
make when spitting wadges of fiber after chewiragdis or stems (C. van
Schaik, pers. com.). “Spluttering” noises were enag young, rehabilitant
orangutans at Ketambe when they could not get fihey saw in the

possession of a human or another orangutan, or emether orangutan was
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begging for food in their possession (Rijksen, )918it these noises were
much softer than the nest raspberry (C. van Scpails. com.). As indicated
in Chapter 2, nest raspberries generally occuhatend of nest building at
Suaqg Balimbing. They may be associated watig biting, which in turn

seems to be related to lining the nest with snedlfy twigs (C. van Schaik,

pers. com.).

When | began my fieldwork in 1999, a differenceparformance of the nest
raspberry between Suaqg Balimbing and Ketambe wssested but had not
been confirmed. I intended to examine the coraext possible functions of
nest raspberry production in greater detail. ldugeeo to search for other,
subtle differences between the sites in nest-mglthehaviors or techniques.
| also looked for differences in learning opportigs during nest building at

the two sites.

Methods

Sites

Research was conducted at Suaq Balimbing and Ketatmio established
research sites in Gunung Leuser National Park,henigland of Sumatra

(Aceh province, Indonesia — see Table 3.2 and Eigud). Both sites
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contained populations of unprovisioned wild SuntatcmangutansPongo

pygmaeus abelii.

Video

Video of orangutan behavior was recorded using ao@aHi-8 analog
camcorder in a water-resistant housing. Fiftyanses of nest building or
use were at least partially captured on video fAganl 1999 to April 2000.
The cameraperson was always standing on the fiboest attempting to get
the best view of the event available from that saget Most of the camera
work was done by Nuzuar S. Hut, though video wasasionally taken
directly by the author. Whenever orangutans weggured on video, notes
were taken immediately afterward about the identitythe individual, the
approximate start time, and the tree species oghhan the tree. The
cameraperson was sometimes accompanied by anobsmrver taking
standardized data on datasheets, so it is oftesiljesto compare events

recorded on tape with the observer’s notes.

Field Datasheets

Ad libitum data were recorded for each nest-building everat fmcal animal,
using uniform methods and datasheets at each Gitdy independent

(adolescent, subadult or adult) orangutans were asdocal animals for this
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study. For this analysis datasheets from Suaq Balig) recorded between
17 April 1999 and 30 August 1999 were used. Daetshfrom adult
females at Ketambe recorded between 10 May 199928nQctober 1999

were used for comparison.

For this study, independent individuals were grau@ecording to five
different age/sex classes. Females were eithssatba®\ F=Adult (parous)
Female oAdol. F = Adolescent Female (recently independent, notiaigx
mature). Males were classified AM = Adult (flanged) MaleSAM = Sub-
Adult (unflanged, sexually mature) Male édol. M = Adolescent Male
(recently independent, not sexually mature). Ascdats of both sexes were
generally smaller than adult females, but sub-athdtes were noticeably
larger than adult females (see Utami Atmoko, 2000 & review of bi-
maturism in Sumatran orangutans). There were daef identified focal
animals at Ketambe than at Suaq Balimbing, andivelg fewer focal adult

males (Table 4.2).

For each day or night nest built, the beginning anding times of nest
building activities were recorded (to the nearestute). The presence of
nest raspberries or any other vocalization duriegf building was noted, and

in most instances the number of nest raspberriesdheere recorded. For
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infants and nearest neighbors of the nest-builétiegl, distance to the focal
was recorded one minute after the nest-buildinghebegan, as was the
infant’s and/or nearest neighbor’s probable abildysee the nest-building
focal (judged by intervening foliage density anddyorientation). The

species and diameter at breast height (DBH) wexarded for each nest tree,
along with the height of the nest (to the neares}, 3he distance of the nest
from the top of the tree crown, and the positiothef nest in the tree (Figure

4.1).

Data Analysis
Nest Raspberries

To investigate the possible functions of the nes$pberry at Suaq
Balimbing, several nest-building attributes werenpared in the presence or
absence of the nest raspberry. For these anallyeeb; considered the 11
individuals who were observed building nests boithvand without nest
raspberries within their observed day nests ortmgists (bold in Table 4.3).
Samples for most individuals were limited, so inmgo cases, when
differences between individuals were clearly naingicant (Chi-square
analyses, P>0.2), data were pooled between indilsdor between day and

night nests to provide larger samples for compassdSome have suggested
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that Bonferroni adjustments should be applied wdelata set is subjected to
multiple comparisons (Bland and Altman 1995). Heere Perneger (1998)
asserts that to do so would lead to excessive ltypeor, and | will follow

his recommendation to instead present each teatatefy.

Nest building duration. The nest raspberry occurs in the late stagegsif n
building, and may be connected with adding extrang§j to the nests.
Considering day nests and night nests separatetglculated the mean
duration of nest building for each individual wheest raspberries were
present or absent, then compared these for theewpmpulation using a
signed rank test. For the three adult femaleshia tomparison, Mann-
Whitney/Wilcoxon tests were used to look for diffieces in nest building

duration whether a nest raspberry was performeddoh individual.

Nest positions. Nests in positions 2 (Figure 4.1) are more likedybe

exposed and near the edge of a tree canopy, wheesagositions 1 and 3
are closer to the center of the canopy provideg #re not in the top meter
or two of the tree, and nests in position 4 aravbeh two tree canopies
(usually low). They may also be related to theigtire of the tree and
therefore the structure of the nest being builest\bositions were compared

for presence or absence of the nest raspberrynvithy and night nests for
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each individual, and for adult females (pooled) addlt males (pooled).

Distance to top of nest tree. The distance to the top of the nest tree is
another factor in how exposed the nest is. Whiiie possible that trees at
the edge of a canopy near a clearing or on a tillccbe very exposed and
still much lower than the top of the next treestimeasure will give some
idea of the nest’s exposure to the elements andiltty as a vista. For multi-
tree nests (position 4, Figure 4.1), the distandéé top of the taller tree was
used. Pairs of mean distances (for nests wherdeasps were present or
absent) were compared with signed rank tests foh ege/sex class with

multiple individuals.

Nearest neighbor distance and line-of-sight. If the nest raspberry serves a
communicative function, its expression should Hateel to the proximity of
conspecifics. Nearest neighbor distance was sdorddur classes: >50m
(mostly times when no other independent conspeuwiis detected), 50m-
>10m, 10m->2m orx2m. Chi-square analyses were performed for each
individual on nearest neighbor distance class coetpwith the presence or
absence of a nest raspberry, with Yates’ corredboimndividuals with only
two nearest neighbor distance classes observedyimeésts or night nests.

Nearest neighbor line-of-sight was analyzed for aésts built with
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independent conspecifics in a 50m radius of thalfoc

Infant distance and line-of-sight. Infant distance from the focal adult
female was analyzed only for nests when there waseaarest neighbor at
50m. Infant line-of-sight was compared when thexes no independent
conspecific within 50m, and for all nests regarslles nearest neighbor

distance.

Inter-site Comparisons

Multi-tree nests. To clarify the frequency of multi-tree nests agt&mbe,
and compare this to Suag Balimbing, the number ufiftree nests and their
fraction of all nest building incidents observedréported. The percent of
multi-tree nests (position 4, Figure 4.1) was calimd for all positively
identified individuals with at least four nests ebsed at Suaq Balimbing.
The mean percent of multi-tree nests for each egetkass was calculated

based on these individual percents.

For other statistical comparisons between Suagnibatig and Ketambe,

only adult females with more than four observatiays were considered.

Frequency of day-nest building. Adult females from each site were

compared in the number of day-nests built per hafuobservation while
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active with a Mann-Whitney (Wilcoxon) test.

Nest building duration. To investigate whether the difference in nest
raspberry production between the two sites wastink a difference in nest
building duration, the mean duration for buildingydand night nests was

compared between Suaq Balimbing and Ketambe females

Nearest neighbor distance. | compared the percent of night nests with
neighbors at each distance class (>585@m,<10m or<2m) for individual
females at Ketambe and Suaq Balimbing (with mom@n td night nests
observed), using Mann-Whitney (Wilcoxon) testsaldo calculated nesting
dispersion tendency for each site: the time spéoriea(nearest neighbor
>50m) when building night nests minus the time $@done throughout the
day (based on percent time in parties data presenteChapter 3), and
compared this with expected (0) using a signed rast. | compared

dispersion tendency between sites with a Mann-VékithVilcoxon) test.
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Results

Video of Nest Building at Suaq Balimbing and Ketambe

Of the fifty nest-building events captured on viddw majority showed only
the movement of foliage with an occasional glimpsan orangutan’s hand
or leg. Four video clips from Suaq Balimbing ahtet clips from Ketambe
were captured at an angle where the orangutan@vimis were more clearly
discernable. Even in the best of these, thergartons of the video where
the activities of the nest building orangutan aog visible due to camera

angle, the orientation of the orangutan or intemgivegetation.

With those caveats, in one of the night nests widar video from Suaq
Balimbing, the orangutan (an adult male) is cleawyg biting. In three
night nests and one day nest video from Suaq Balgnkhe orangutans
appear to be using an exaggerated shoulder sweapg a leafy twig over a
shoulder and across the torso before tuckingattiné nest lining. In the day
nest, one can see that this is accomplished weaist or flick of the wrist.
One night nest for Ketambe also appears to incdudieoulder sweep. In no
case was theest raspberry visible or audible over other noises on the
video, though the night nest witlwig biting is recorded in field notes as

having included anest raspberry. Based on these few usable video clips,
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there were no obvious differences between the rmrslisby orangutans in

Suaqg Balimbing and Ketambe.

Nest Raspberry Correlates at Suaq Balimbing

Of the 27 identified individuals at Suaq Balimbinghose focal follow
observations included at least one nest buildingident, only three
individuals were not observed performing the naspberry, and these three
had only 1-3 nest observations each (Table 4.3)noke extensive data set
for five years of research at Suaq Balimbing fonedt raspberries produced

by all well-habituated orangutans there (M. van id@gjk, pers. com.).

The nest raspberry was more common with night n#sis day nests.
Across all age/sex classes at Suaqg Balimbing, maspberries were

confirmed for 11% of all day nests and 73% of aht nests.

Nest building duration. The overall average time spent building a day nest
at Suaq Balimbing was approximately 2.7 minuteadeal-8 minutes, N =
137). The overall average time spent building @hninest was
approximately 8.5 minutes (range 2-15 minutes, BBy Table 4.4 shows
the mean nest building duration for each age/sasscfor day and night

nests, and comparisons of day and night nest bgilduration within each
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class (averages for each individual were averageong age/sex classes).
All age/sex classes spent longer building day n#ss night nests; the
results were highly significant for adult males aradlult females.
Differences between the age/sex classes weregnfisant (Kruskal-Wallis
H =2.92, P = 0.081 for day nests, H = 2.92, P23D.for night nests; AF,

AM and SAM only).

Figure 4.2 shows the average nest building durdtolay and night nests,
with or without nest raspberries for each age/dasscobserved at Suaq
Balimbing. When the mean for each individual whasvobserved building
nests both with and without nest raspberries issicemed, there is no
significant difference in building duration betweeay nests with or without
raspberries (signed rank test = 0.0, P=0.999) thrutdifference in building
duration for night nests with and without nest taspies is significant
(signed rank test = 2.25, P=0.0242). Adults alwsgsnt longer building
night nests with raspberries than they did buildiegts without raspberries,
but the adolescent female did not (Figure 4.3)r day nests, adults always
spent the same amount of time or longer buildingtseith raspberries, but
the adolescent female and a subadult male spemgedobuilding nests

without nest raspberries (Figure 4.4).
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Table 4.5 presents information on the construatioration of day and night
nests built by Suaq Balimbing adult females with without the nest
raspberry, considering the nests for each individeparately. Only three
adult females (Ani, Beki and Hanes) were observedopming a nest
raspberry while building a day nest. For Beki d&tahes, the nests built
when performing a nest raspberry took longer tédpand for Ani the mean
building duration was slightly shorter, but in nase was the difference
significant (Mann-Whitney/Wilcoxon). These threemf@es were also the
only ones observed building night nests both witld avithout a nest
raspberry. For all three females, the night nesitlimg duration without a
nest raspberry was shorter than those with a ragpdsut the differences

were not significant.

Nest position. There was only one significant difference in nessifon

whether nest raspberries were or were not givennwbensidered by
individual for day nests (for the adult female He¥=8.0, P=0.046), and
no significant differences for night nests (Tabl€)4 As there were no
significant differences in nest position betweedividuals within age sex
classes, the nests for adult females and for adlalks were pooled to see if

any significant differences would appear; there envaro significant
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differences even with these larger samples for ndred nest raspberry was
given (Table 4.7). Given the small samples of otge/sex classes, these
were not pooled for further comparison. As thererew significant
differences in night nest position between adullesiand adult femaleXt=

10.75, P=0.0143), the age/sex classes could nobdled further.

Distance to top of nest tree. The distance between the nest and the top of
the tree was not significantly different for nestgh and without the nest
raspberry for day or night nests in any age/segsc(paired-sample signed

rank tests, Table 4.8).

Nearest neighbor distance and line-of-sight. The distance to the nearest
neighbor (in classes of >50m50m, <10m or<2m) was not significantly
associated with whether a nest raspberry was dgiyemost individuals X?
tests, Table 4.9). The only exceptions were fon b the adult females
when building day nests (note that one had onlyrest raspberry during a
day nest and the other had three). However, thasales had different
patterns for which distance a nest raspberry waee rfikely to be given
(Figures 4.5). When nest raspberries were notideres, there was a highly
significant difference between the three femaleghia pattern of nearest

neighbor distance when building a ne$t € 29.1, P = 0.0001). There were
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no significant relationships between the nearegthher’s line-of-sight and
the production of a nest raspberry for day nestsight nests X* and

Fisher's Exact Test, Table 4.10).

Infant distance and line-of-sight. The distance between focal females and
their offspring was not significantly related t@thresence or absence of nest
raspberries in those cases where there was noandept conspecific within
50m of the nest-building focal (Table 4.11). Theses no variation in infant
line-of-sight when there was no independent conBpesithin 50m of the
focal (when nests were built by females who variednest raspberry
production during day nest or night nest buildirigfants were always able
to see their mother build the nest in those casdse one time when Ani
built a day nest and her infant was not able tohezean adult female and a
subadult male were less than 50m away (Ani didgn¢ a raspberry); the
one time her infant did not have a line-of-sightewhAni built a night nest,
there were no independent conspecifics within 50&mi (did give a

raspberry).

Comparison of Ketambe and Suaq Balimbing

During 1999 and 2000, in nest data taken for thidys nest raspberries or

other vocalization were never observed at Ketardbspite active searching

136



and systematic notations of any vocalizations pceduduring nest building

by researchers who were familiar with the phenomeatduaq Balimbing.

Nest position and multi-tree nests. Only one observation of nest building
at Ketambe (out of 28 day nests and 73 night ne&is) a multi-tree nest
(position 4): an adult female’s night nest. It warse of 10 night nests

recorded for Elisa.

At Suaq Balimbing, multi-tree nests accounted #%61of all nests observed
in this study. Among individuals with at least fawest-building incidents
observed for day nests, multi-tree nests accoufaied1% of day nests in
adult females, 20% of day nests for adult malesioAg individuals with at
least four nest-building incidents observed forhhigests, multi-tree nests
accounted for 7.5% of adult females’ night nestd 388% of adult males’
night nests. Differences between adult males fanthles within day or
night nests or between day or night nests withosé¢hsex classes were not
significant (Mann-Whitney/Wilcoxon, NS, see Tablda 2 for results). None
of the nests built by the adolescent female or dulbanales were multi-tree

nests.

Frequency of day-nest building. Adult females at Suaq Balimbing built
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about three times more day nests per observatian (00l66) than those at
Ketambe (0.055), but the difference did not redahisical significance (W=
26.0, P=0.055). This came out to a mean of 1.3raesfs per observation

day at SQB, compared to only 0.57 per day at KTB.

Nest building duration. Females at Ketambe and Suaq Balimbing spent
about the same amount of time building their dast$€2.5 minutes and 2.7
minutes, respectively); the difference was notificgmt (W=22.0, P=0.231).
Ketambe females significantly spent less time bogdheir night nests (6.9

minutes) than Suaq Balimbing females (9.2 minli¢s28.0, P=0.022).

Nearest neighbor distance. The average percent of night nests built with a
conspecific in a 50m radius by Ketambe females 1V, compared to 41%
at Suaq Balimbing, but the difference did not readnificance (W=4.0,
P=0.106). Females at Suaq Balimbing had a higherepe of night nests
with neighbors at 50m-10m (29% compared to 6% aakee, W=19.0,
P=0.138), but 10-2m were nearly identical (10.1%S&B compared to
10.7% at Ketambe, W=15.0, P=0.570). Ketambe femadeer built a night
nest with a neighbor less than 2m away, but onalerat Suaq Balimbing
(Ani) built one night nest (out of 18) with a nestreeighbor at less than 2m

(Figure 4.6). Nesting dispersion tendency (tengdncbe more than 50m
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from independent conspecifics when building nigbsts than through the
rest of the day) did not reach significance ategitbite, though both were
positive when averaged across females (Table 4.K8jambe had a higher
dispersion tendency than Suaq Balimbing, but tHferénce between the two

sites was not significant (W=9.0, P=0.594).

Discussion

The only feature of nest building that showed aigpificant relationship to
the production of the nest raspberry was the dumadf nest building (and
that was only true for night nests). This was exp@d because the nest
raspberry generally occurs during the final stagfesest building, when the
orangutan is adding supplemental lining to cushtmn nest. Day nests at
Suaq Balimbing were built in significantly less &nthan night nests,
presumably because they lack this lining and areimipler construction

most of the time.

The nest raspberry did not show any relationshipetst position or distance
to the top of the nest tree. Nest raspberries @oappear to have any
function related to nest exposure, and probablyalohave anything to do

with tree structure, both of which would have sameact on nest position
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or distance to the top of the tree canopy.

Nest raspberries do not appear to serve any funesa signal. They are not
related to the distance to independent conspeaiicdependent offspring,
nor to whether these others had opportunity to mesthe nest builder in
progress (their line-of-sight). Nest raspberries &irly quiet, perhaps
audible up to 50m away, but less audible than teaking and rustling of
branches over that distance (at least, to listemeas ground level). Where
the loud-calls made by bonobos around the timeest building function
over long distances and alert others who could medr the bonobos
movements, an orangutan’s nest raspberries, gtdmst only reinforce the
orangutan’s intention. The noises associated mi#mipulating vegetation
during nest building might be mistaken for the esisf a moving orangutan,

but the nest raspberry occurs only when a nesirgylbouilt.

The distance between an infant or juvenile orangatad its mother did not
appear to have any effect on whether she gave @beay during nest

building. This was true even when there was neratidependent orangutan
within 50m. This would seem to indicate that moashdo not use the nest
raspberry as a signal to their dependent youngthiesgt are building a nest.

Distance from the mother is related to the agdefimfant or juvenile (Fruth
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and Hohmann, 1996; van Schaik and Knott, 2001).eiN#ihe mother of an
infant is building a nest, the infant is usuallgdehan 2m from her, and is
often sitting in the nest with her, playing withiga as she lines the nest
(pers. obs.). Older infants sometimes build tleim nests, even if the
mother is not building a nest during the day (pebs.). Infants approaching
weaning will build their own night nests a few meteaway from their
mothers, but often are seen emerging from theirhertst nest the next
morning (pers. obs., D. Agee, pers. com., van Naacl and van Schaik, in

press).

The lack of associated nest-building or social desg with nest raspberry
production makes this behavior a candidate forsdiaation as a cultural
“‘convention.” A convention would be a behavior ttig widespread in a
population due to social transmission, but thatsdus serve any adaptive or
social function. Such behaviors may be a by-proddche propensity to
mimic behaviors of others. As such, they mightespnt the ideal behaviors
for more detailed field research into non-humantuwrel as their very
“functionless-ness” indicates that they are unjikéd be innovated and
maintained by individuals attempting to solve adegpproblems, and that

ecological explanations for behavioral variatioa hrghly implausible.
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There is a clear difference between Ketambe andg S@imbing in
tendency toward building multi-tree nests. As intnéie nests occurred in
less than 1% of all observed nests at Ketambeiraodly 1 of 10 nests built
by only one individual in this study, | would cl#gsthis as a rare behavior
at Ketambe. The distribution of multi-tree nestsetvations among
individuals at Suaq Balimbing makes this a custgnteghavior there. The
difference between sites may be due to habitaterdiffces; the forest
structure at the two sites is quite different ($able 3.2), which might make
the trees at Suag Balimbing more suitable for ritde nests, or the need for
multi-tree nests lower in the larger boughs of IKdia's trees.
Interestingly, it was only observed in adult fensadend adult (flanged) males
at Suaq Balimbing. This may support a role fordégg in this behavior, in
that only the older individuals had opportunities develop the skill
necessary to build multi-tree nests. However,ighhalso be considered a
function of body size in this habitat; sub-adulinffanged) males are
generally as large as or larger than adult femblesadult female nests also
have to support the weight of their dependent offigp So an ecological
explanation for the variation in this behavior beén the sites cannot be

dismissed.
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Orangutan females at Suaq Balimbing built more dagts than those at
Ketambe. It has been suggested (van Schaik aott,K1001) that feeding
tool use at Suaqg Balimbing (particularly whideesia sp. fruit are available)
could provide a richer diet than found in other ngatan populations,
allowing for higher population density. This cowl$o provide more energy
for orangutans at Suaq Balimbing to devote to prepgafor extended rest
during their active day by building a nest, and nslbeg more time

constructing a nest at night (adding more twigs laades to the nest lining

for improved comfort during sleep).

Most nests built by orangutans at Ketambe, andyeatf of those at Suaq
Balimbing were built when there were no conspesifigthin 50m of the
focal. This is quite different from the situatiéor other apes. In lowland
gorillas, less than 8% of 27 nests in one surveyevimiilt with no others
nearby (Brugiere and Sakom, 2001), and no lonesneste found in 137

nest sites observed in another (Tutin et al., 1995)

Ape nests are a way of manipulating the environnteat demands some
energy and intelligence on the part of the builddfruth and Hohmann
(1996) suggest that nest building may have beemnaibuting factor in the

evolution of ape intelligence, providing more secusand comfortable
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sleeping sites to facilitate the types of sleepp{B&ye Movement and Slow
Wave Sleep) that promote learning and memory. sNasty serve important
functions beyond simply providing a stable platfofon rest. The use of
nests as a social tool to de-fuse potential agonisteractions has been
suggested for bonobos (Fruth and Hohmann, 1993) caadgutans (see
sneaky nest approach, Chapter 2). Orangutan females may also buildsh n
to prevent forced copulation with males (van Schaikpress). Like home
base in a children’s game of tag, an ape’s nesthimig “safe” from

competitors or aggressors.

Much of what is known about great ape nests comwes the perspective of
censusing, with a focus on the nest itself rath@ntthe activities of the
builder. These studies are critical for deterngnwhere unhabituated apes
can be found, and at what density they are presdiit this approach
overlooks important variations in aspects of neslding behavior, because
the end result (the structure and location of tlestntself) is roughly
identical. When researchers rely only on nest totor statistics on various
nest conditions, multiple nests from the same iodial are counted as
independent data points (e.g. Baldwin et al., 19Bdigiere and Sakom,

2001; Fruth and Hohmann, 1993; but see Sugardi®83; Tutin et al.,
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1995), masking potentially interesting variatiomiest location and structure
within populations that could account for apparestriation between

populations when multiple sites are compared. ®/hich work makes an
interesting starting point for investigating gregte nests, it should by no

means be the end.

Nest building appears to be a cognitively complaegkf with abundant
opportunities for cultural variation. Clearly, neodetailed investigation of
nest building behaviors in other orangutan popaotetiwould be beneficial.
It would particularly be helpful to investigate flner possible behavioral
correlates with the nest raspberry at other sit&oraya, Lower

Kinabatangan, see Chapter 2). The intriguing reespberry cultural variant,
with its apparent lack of adaptive or social fuanti could be an excellent
test case for looking at the innovation and spreédsocially learned

behaviors. Methods of research that allow moreilget observation from a
better vantage-point (such as aerially deployalitieos recording devices)
might reveal a wealth of subtle and complex behaviodiversity.

Interpopulation distinctions in day-nest frequeraryd night-nest-building
duration, the use of multiple trees for nest buadgliand the production of

nest raspberries were clear from what limited de¢ze available for this
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comparison.

Aside from some brief fashions and variations ticauld be due to
differences in habitat for chimpanzee populatianstural variation in nest-
building behaviors has only been reported in ortagg) the one species
shown to disperse instead of gathering (chimpanzees bonobos) or
remaining together (gorillas) to build night nestssuspect that the absence
of nest-building variations reported in those spgtias more to do with how
nest building is (or more often, is not) observént with the actual
behaviors. For a behavior that was consideredmgmitant 75 years ago
(see Fruth and Hohmann, 1996), there is still addte learned about nest-

building in the great apes.
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Binje

(~1965)

ANS Elen (1982) Tati (1989) | | Harto (1997)
(1975)

Chris Kelly (1995) Erwin (1991)
(1987)

Figure5.1 Binjei’s family, with year of birth noted (malebaded, females
open, key focal animals ioold).
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b) Ans

a) Binjei

97.5%

c) Chris d) Herman

7.1%

31.7%

0O>50 B<50->10 @ <10->2 m<2

Figures5.2a-d Percent of focal observation time that each foeal nearest
neighbors ak50m,<10m, anck2m.
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Percent of Social Time per Partner

100% -~
HAns O Binjei

90% | [

80% -
m Chris Dedi
70% -

60% - O Eibert O Elisa

50%

40% - 0O Endro O Herman

30% A

| Kelly B Pluis

20%

10% +
Yet @ Yossa

0%

Figure 5.3 Percent of each focal’s time spent in parties was spent with
each social partner fe$50m,<10m, and<2m distance classes.
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Table5.1 Focal Observaion Times for Rehabilitants and MBescendents

Binjei | Ans Chris Herman
Focal Observation Hours
(Hours:Minutes) 322:09 | 227:11 40:52 98:21
Focal Observation Days 32 22 5 10

Table5.2 Observed and Reported Unusual Behaviors (N=Notéus
study (videotape or focal follow notes); R=Repougdther
Ketambe researchetsold indicates rehabilitant or descendant of
rehabilitant).

get
taking/ taking/ water | travel

Observation | enter handling | chewing near on
Focal Hours camp clothes cardboard | pump | ground
Ans 227:11 | N R R N N
Binjei 322:09 | R R R R R
Bobi 44:05
Chris 40:52 | N N
Dedi 127:28 | R
Doba 30:54 | R
Eibert 25:05
Elisa 136:41
Herman 98:21 | N,R R R N N
Pluis 62:39 | R
Sina 165:46
X 38:16
Yet 255:12 | R
Yop 49:52
Yossa O|N
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Table5.3 Orangutans entering camp, August — Septembed. 199

Time

Date Name Arrived Time Left Major Activities
Camp
Camp
eat Ficus racemosa,
8/3/1999 | Chris 11:32 13:38 watch a person
pump water
Yossa
8/3/1999 (adolescent 11:32 13:38 eat Ficus racemosa
male, son of
Yet)
Nest beside eat Ficus racemosa
8/14/1999 | Chris 14:00 camp (time
unknown)
Nest beside eat Ficus racemosa
8/14/1999 | Herman 14:00 camp (time
unknown)
Ans and Nest beside eat Ficus racemosa
8/14/1999 14:00 camp (time
Kelly
unknown)
Ans and Nest beside eat Ficus racemosa,
9/24/1999 8:27 camp (time drink water from
Kelly )
unknown) behind pump
9/25/1999 ﬁzﬁyand 6:20 8:40 eat Ficus racemosa
Ans and Nest beside eat Ficus racemosa
9/26/1999 7:32 camp (time
Kelly
unknown)
9/27/1999 ﬁgﬁya”d 6:40 11:58 eat Ficus racemosa
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Table5.4 Other focal orangutans with whom rehabilitantsheir
descendents were observeda®m,<10m, and2m distance
classes, with percent of total time spent withipeng at that distance
class.

Age/Sex Classes: AF=Adult (parous) Female; AM=Adult (flanged)
Male; Adol = Adolescent (recently independent, sexually
mature); I/J=dependent Infant/Juvenile; SAM=Sub-Adunflanged,
sexually mature) Male.

Scores: P=Partner during focal follow of rehabilitant/deadant;
O=rehabilitant/descendant was partner during feaikdw of Other.

Partners Ans Binjei Chris Herman
50 10 2 50 10 2 50 10 2 50 10 2
Age/Sex | m m m | m m m | m m m | m m m
Ans AF - | P P P,O | P,O P,O | PO
Binjei AF P,O | PO - | O
Bobi AM
Adol
Christ F P,O | P,O P - | P p P
Dedi SAM | PO | P,O | P [e] ] o) o P,O | O
Doba AM o) o
Adol
Eibert M P P P P P
Elisa AF P P o) P,O
Endro JARY P P
Adol
Herman M P,O | PO o
Kelly WFE | — p p
Pluis AF P P P,O
X SAM o
Yet AF P P P,O P
Yossa /I M P P P P P P
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Chapter 5

REHABILITANT ORANGUTANSAND THEIR DESCENDANTSAT
KETAMBE: THE ROLE OF SOCIAL LEARNING IN INTRA-
POPULATION DIFFERENCES

Introduction

Ex-captive orangutans introduced into natural patahs provide a unique
opportunity to explore issues related to socialiea of variable behaviors.
In this chapter, | will examine the unusual behavi@xhibited by a
rehabilitant orangutan and descendants of rehaitit at Ketambe, and

evidence for opportunities for social learning Itlyey resident orangutans.

To address the possibility of culture in non-hunsaecies, Imanishi (1952;
reviewed in Nishida, 1987; and Wrangham et al.,4)9%:fined culture as
“socially transmitted adjustable behavior.” To istigate the distribution of
cultural behaviors in chimpanzees and orangutasgarchers have looked
for evidence of behaviors that vary between poparatwithout any clear,
relevant ecological differences (van Schaik et28lQ3a; Whiten et al., 1999,

Chapter 2; Whiten et al., 2001).

However, “socially transmitted adjustable behaviodh also vary within
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populations. Sometimes, it is simply a matter ajrede: tree-hole tool use by
orangutans Kongo pygmaeus abelii) at Suaq Balimbing is far more
commonly performed by females in the southern/eérstocial cluster than
the northern social cluster (van Schaik et al.,3»)0 At other times,
behaviors can be absent in certain age or sexeslass chimpanzee$én
troglodytes) at Mahale, grooming-hand-clasp is performed dmyyadults,
although younger individuals appear to know howpeoform it (Nakamura,
2002). Similarly, the leaf-clip display is used bgrtain age/sex classes in
chimpanzees in different contexts at different ssiteIn Mahale, it is
performed by young adult males and estrus adulaliesn(Nishida, 1980),
but in Tal, adult males leaf-clip as part of th&iumming display sequence

(Boesch, 1995).

In some cases, variation in behavior can more lgiele attributed to
different opportunities for social learning. Amord@panese macaques
(Macaca fuscata), novel behaviors spread most rapidly to the imtors’
most frequent social partners, such that more tloam years after the
innovation of sweet-potato washing, those outsite ihnovator’'s social
circle still did not display the behavior (Kawamurd959; reviewed in

Nishida, 1987). Other innovations in this spegreslving special louse-
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egg-handling techniques during grooming spread timough one matriline
(Tanaka, 1998). It also appears that the unusebhwors exhibited by
rehabilitant orangutans can be attributed to olsmwal learning
differences, in that the orangutans performingehHs=haviors are more often
in close proximity to humans who (usually inadvetty model behaviors

that rehabilitant orangutans later reproduce @ugson and Galdikas, 1993).

In this chapter, | will provide evidence for therpetuation of unusual
behaviors in rehabilitant orangutans and their eledants, and highlight
what it reveals about social learning. One rehtnitifemale, her wild-born
daughter and her grand-daughter continued to prrtorusual and possibly
maladaptive behaviors, 27 years after her initatoduction to the site.
Wild residents and their descendents at Ketambenatoperform these
behaviors, despite evidence for opportunities &mnehe behaviors from the
rehabilitants and their descendants. The persistehthese behaviors in the
rehabilitant descendants is a clear example ofcaérsocial transmission of
a limited, matrilineal tradition among orangutang.he absence of such
behaviors in wild orangutans, despite evidence pyfootunities for social

learning, indicates selectivity in either the typédehaviors or the models
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chosen for observational learning in orangutans.

Selectivity in social learning

Social transmission of adjustable behaviors refersome form of learning
that is influenced by social interaction. Gengralive assume that
observation of a model performing a behavior hdlsienced the learner to
understand something new about the environmenitaraffordances, or to
observe and replicate specific aspects of the nwdehavior (cf. social
learning or imitation, Heyes, 1993). While debhss raged over the exact
definitions and processes involved in such learnihgre is little doubt that
the ability to learn socially is widespread in aoftoid primates and many
other vertebrate taxa (see Chapter 1 for revieWpservational learning
between conspecifics can lead to “vertical” sod¢rahsmission (offspring
learning from a parent), “horizontal” social transsimon (individuals of the
same generation learning from one another) or oigfi social transmission
(unrelated individuals of different generationsrieag from one another,

Cavalli-Sforza and Feldman, 1981).

Socially learned behaviors can include differengety of skills and signals
(see Chapter 2). While mockingbirds may replicateinds somewhat

indiscriminately (e.g. car alarms in cities), mgstmates studied appear
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more selective about which behaviors they will ogluce. A laboratory
study of chimpanzees found that they were mostylit@ imitate behaviors
that were clearly useful in solving a problem; tbleimpanzees follow
strategies they see working to achieve a goal,igmare other unsuccessful
strategies that are demonstrated (Myowa-YamakashiMatsuzawa, 2000).
Another such study revealed that chimpanzees are hkely to reproduce
behaviors that are just beyond their current lesklcompetence than
behaviors that are too simple or too advanced (Mydamakoshi and

Matsuzawa, 1999).

Primate social learning may also depend on thendéga relationship with
the model or the perceived value of the model. IdFexperiments with
chimpanzees showed that they were much more likelyattend to the
behavior of models who were older or in the same@gup as themselves,
and unlikely to attend to models younger than thedwes (Biro et al., 2003).
A similar process may explain the spread of swe#ttp washing in
Japanese macaques (described above). This pregef@nattending to the
actions of older demonstrators implies that lears¥ek models likely to
know something useful. This interpretation is berisd by another

laboratory tool-use experiment with chimpanzeesvahg that they observe

162



experienced tool-users only if they have not susfodlg completed the task

themselves (Hirata and Morimura, 2000).

Finally, research has revealed the importance fifitafe social bonds in
observational learning. Laboratory studies witpuznin monkeys Gebus
apella) show that innovation and learning are inhibitdtew social vigilance
is required (Fragaszy and Visalberghi, 1990). é@édhces in the expression
of tool-use between and within primate specieseleded to social tolerance
(van Schaik et al., 1999). Rehabilitant orangsitare more likely to copy
behavior of either humans or other orangutans witlom they share an

affinitive bond (Russon and Galdikas, 1995).

Rehabilitant orangutans

There are several past and present projects foauseeintroducing captive
orangutans into wild orangutan habitat. Early @ctg attempted to do this at
locations where wild orangutans were found, withsee¥chers
simultaneously studying the wild population andirthex-captive charges
(Rijksen, 1978). Researchers have noted the psiiyeaf these young
rehabilitant orangutans to copy the behaviors thieserve while in the care
of humans, even if such behaviors are not rewamezhsionally dangerous,

and frequently discouraged by human caretakers sgRuand Galdikas,
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1993).

At Ketambe, an orangutan rehabilitation project si@sted in 1971(Rijksen,
1978). Thirty-one ex-captive orangutans were bhnoug the Ketambe field
station between July 1971 and August 1974. Litlenothing was known
about the capture and experience of the (gengtalgnile) orangutans prior
to their confiscation and delivery to the fieldtsia. The typical track for a
healthy rehabilitant upon arrival was (1) to betkiepa cage at the site for a
few weeks or months under quarantine, (2) to beassld around camp,
receiving daily provisions of food but allowed wam freely, then (3) have
provisioning withdrawn (and often be transportedite far end of the site
from camp) as they became competent at survivingenwild. The young
rehabilitants generally formed a cohort that saxeéal frequently during the
period of provisioning. After release at Ketamisgveral rehabilitant
orangutans died through predation (clouded leop#tattks) or disease, and
several others disappeared (Rijksen, 1978) or wansferred to other areas

for release (C. van Schaik, pers. com.).

Based on Rijksen’s recommendations, the rehalrigbroject at Ketambe
was halted in 1978, and all of the remaining oraags not successfully

reintroduced to the wild were sent to Bukit Lawaimgthe town of Bohorok
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at the eastern edge of Gunung Leuser National Rggroximately 100km

east of Ketambe (C. van Schaik, pers. com.). Abgitant male, Usman,
left the Ketambe area in 1972, and was seen byiable withess about
15km away in association with two wild orangutamd.974 (Rijksen, 1978).
Two ex-captive orangutans remained in the wild atakbe, successfully
bred with wild orangutans, and were regularly seethe following years:

the females Binjei and Getty. Getty was found desar the Ketambe River
on 16 December 1997. The young infant she wadngueg that time died
shortly after Getty’s body was found (S. Utami Akoppers. com.). Getty
is survived by her adolescent son, Herman, who oféen seen in the
company of other young orangutans in the Ketambsulption in 1999-

2000.

History of the Binjei matriline

A female orangutan was brought to Ketambe in 18#2r being confiscated
in the town of Binjei near the regional capital, dde (Rijksen, 1978). She
was estimated to be about 7 years old at that tiffil@s orangutan, named
Binjei, has since had four offspring and three draffspring (Figure 5.1).

Elen and Erwin were not seen often in the mid-te-E090’s, and they may

have died (S. Utami Atmoko, pers. com., S. Wichispeom.). Tati was
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occasionally seen at the edge of the study areathealas River in 1999
(this study, S. Utami Atmoko, pers. com.) Hartoswstill nursing and
dependent on Binjei at the time of this study. Aves nursing Kelly, and
Chris was an independent (nulliparous) adolesantfe at the time of this

study.

As a sub-adult, Binjei became the dominant femateray the rehabilitant
orangutans. When the dominant male among the rghaks was removed
from the population, Binjei performed behaviors i&mto those the male
had performed when new rehabilitants were introdud&'here the male had
inspected the genitals of newly introduced ex-c&ptemales, and on at least
two occasions mounted them (though failing to aghiatromission), Binjei
would restrain new females and insert a fingerhamtb into their vagina
(while stimulating her own genitals with her haljuxSuch behavior has not

been reported for other female orangutans (Rijk$873).

Rijksen (1978) further reports that Binjei formelbse social bonds with
several rehabilitant females. As an adolescentjeBalso formed a close,
long-term bond with the adolescent female Yet, &l wesident orangutan.
After reaching sexual maturity, Binjei (like most ataring female

orangutans) became less socially tolerant withpleers. Rijksen reports that
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Binjei became “aggressively intolerant towards otfemales..., including

her former bond partner [Yet]” (1978, pg. 292).

Unusual behaviors seen in rehabilitant orangutans

Rehabilitant orangutans, even once fully reintr@dldo the rainforest
habitat, frequently exhibit behaviors not seen ildwrangutans, which are
likely to be a result of their captivity and subsent close contact with
humans (Rijksen, 1978; Russon and Galdikas, 1983séh and Galdikas,
1995). For instance, recent rehabilitants wererfare likely to travel on the
ground and approach humans than wild orangutarise@tmbe (Rijksen,
1978; see Russon and Galdikas, 1993 for similaraviels in Bornean

orangutans).

Rehabilitants seem to engage in more affinitive avedrs than wild
orangutans, often in ways similar to interactionsstmoften seen between
mothers and their young in wild orangutans. Oneaben reported for
Binjei and the other rehabilitant orangutans ataldie was the tendency to
“bridge” for one another (reach from one tree te tiext while traveling,
then hold branches from both trees while the otihesses on or next to the
bridging orangutan). Rijksen (1978) reports thatbserved Binjei helping

a new juvenile rehabilitant, who was trapped imeg,tacross a gap, noting
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that this was the first social interaction obserlsetiveen the two orangutans.
Bridging is most often performed by mothers forithavenile offspring
(though females have sometimes been seen to dBseistheavier male
consorts in this way). Binjei also “fostered” sonoé the younger
rehabilitants, even suckling the ex-captive malenBaoncurrently with her
own daughter Ans. Allo-grooming was more common agneehabilitants
than wild resident orangutans (though still ramejpst often occurring
between orangutans who were in frequent close mdgot (what Rijksen
describes as “bond-partners”, 1978). Of the fels-gfooming incidents
seen with wild orangutans, two were between anesdeht wild orangutan
female (Yet) and a rehabilitant juvenile female fB9. Most other allo-

grooming observations were of wild mothers groonthejr offspring.

Rijksen (1978) further reports that rehabilitanarmgutans were commonly
seen chewing cloth or cardboard taken from thel fsthtion. He notes that
wild orangutans sometimes chewed cloth or cardbtaeg took from the

rehabilitant orangutans, but he does not repod wibngutans coming into

camp to take these materials themselves.

Unusual behaviors in rehabilitant orangutans represlear evidence of

behavioral variability within populations. The petuation of these
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behaviors, their distributions within the populatiat Ketambe, and the
social relationships of rehabilitants and their cgeslants over time
illuminate aspects of the role of social learningpehavioral variation within
a population. | will present evidence of the p&esice of unusual behaviors
in the descendents of rehabilitant females ovendies and generations. |
will show that other, wild resident orangutans @iolly had opportunities to
learn these behaviors, but do not exhibit the belnswvand | will discuss

some possible interpretations for this evidence.

Methods

Both wild-born and rehabilitant orangutans wereeobsd at the Ketambe

research site in Gunung Leuser National Park (sdéeT3.2 and Figure 2.1).

Only independent adult and adolescent orangutaoth (wild resident and
rehabilitant matrilines) were chosen for focal dak for this study. Daily
activities of focal animals, including social enoters and nest building
bouts, were recorded from May 1999 to May 2000 hyi9d, Nuzuar S. Hut
and me. Table 5.1 shows focal observation timeBigjei, Ans, Chris (see
figure 5.1) and Herman (adolescent son of the nétaait female Getty).

Including these four, 14 identified orangutans wiiéwed for a total of
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1625 hours.

For social interactions, observers recorded the atal end of any time when
another independent individual was within 50, 1@ @meters of the focal

individual. The age/sex class and name of theratlas recorded whenever
it could be determined. Social contacts with julesnand adolescents were
noted only when their mothers were not within tame distance class (e.g.
if the mother was less than 50m but more than 1@ayaand her dependent
juvenile offspring were within 10m, it would be oeded as 50m for the

mother, but the juvenile would only be entered asmigue social partner in

the 10m or less distance class). For 10 meter2ameéters, observers also
recorded which individual actively approached antdiclw actively left

proximity, and often made notes regarding the biginal\context.

Videotapes of orangutan behaviors were captureNumuar S. Hut and me
on anad libitum basis, using a Canon ES4000 Hi-8 analog camcorBer.

each incident videotaped, we noted the identitythaf orangutan(s) being
videotaped, the identity of any food species (eetspecies used for nest-
building), and the time (for comparison to the tinwele recorded by the
camera). In all, about 34 hours of orangutan bemawere videotaped at

Ketambe. Some of the videotapes were of animatgyfellowed for focal
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data, while some was not.

During the months of August and September 1999]dsl.kept records of
which orangutans entered camp, noting the idemtitghe orangutan, the

time they entered and left camp, and the major\aetsperformed in camp.

| discussed the unusual behaviors of rehabilitartngutans and their
descendants with several researchers and fieldtass while | was at
Ketambe in 1999 and 2000. For further clarificatiand confirmation, |
corresponded with Chris Schirmann, who studied guiams at Ketambe
from 1975-1979, Carel van Schaik, who observed gutams at Ketambe
from 1977-1992, Sri Suci Utami Atmoko, who has stddorangutans at
Ketambe from 1993 to the present, and Serge Wichp wbserved

orangutans at Ketambe from 1997 to the present.

Results

Table 5.2 provides a summary of which orangutansewabserved or
reported in camp, taking cloth or cardboard, dngknear the camp water
pump (this study only) or coming to the ground ttudy only). In all
cases, it is only rehabilitant orangutans or tliEscendants who perform

these behaviors at Ketambe, though wild residemige hbeen reported
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entering camp.

Other's reports of unusual behaviors in rehabilitants and their
descendants, and wild residents’ opportunities to observe them

Chris Schirmann confirmed that rehabilitant oraagsttook cloth and
cardboard from camp from 1975-1979. He is certhat wild orangutans
never took clothes or cardboard in that time. ld&d that the wild adult
male Jon, the wild female Yet, and several wild agluit males were

frequent social partners of Binjei.

Carel van Schaik reported Binjei and other rehtanits chewing cardboard
taken from camp and taking clothes. He had semabitants playing with

the water pump in camp. He recalled the wild residnales Doba and Jon,
and the wild resident females Yet and Pluis coniig camp, but never saw

wild resident orangutans taking clothes or cardtboar

Sri Suci Utami Atmoko reported that Getty and Hemmas well as Binjel,
Ans and Chris, were known to take clothes and ateers from camp. She
had never observed or heard of the wild (non-rditahi-descended)
orangutans taking artifacts or materials from cantipugh the wild

orangutans Yet, Nur, Boris and Dedi did sometinrgsrecamp.
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Serge Wich confirmed that Binjei, Ans and Chris gvélte only orangutans
coming into camp and taking things in recent yeats. noted that few other
wild orangutans have entered camp recently, but Ylea probably got the

closest to camp the most often.

Several researchers and assistants at Ketambe9m dred 2000 indicated
that Binjei, Chris and Ans sometimes came into camg took things, and
they advised caution with leaving blankets, shoed alothes out and
unattended where orangutans might take them. Weeg also very careful
to immediately burn cardboard and other refuseréwgnt the local wildlife

(primarily the orangutans and some long-tailed maea, Macaca

fasicularis) from taking things. While | was there in 199%eoresearcher
lost a shoe that was later found torn and with gnaawks, and another
discovered a blanket lodged up in a tree at the edghe clearing around
camp (there were no human witnesses to what tnaasdut the consensus

was that orangutans were to blame).

Video records of rehabilitant descendants in camp

On 31 May 1999, Nuzuar and | followed Chris (I tooétes while Nuzuar
videotaped). We met her in the forest not far frramp at 08:00. At 11:28

she began moving directly toward camp. By 11:4& shd reached camp
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and was carrying some dark blue cloth, apparehtytattered remnants of a
T-shirt. We did not see her enter camp to takeatwe suspected she had
cached it in a tree at the edge of camp (she halapty stolen it off a
clothesline at camp at least several days eatliemever discovered who had
lost a dark blue T-shirt, or when it might have rbéaken). She kept the
cloth with her, focusing her activities on it (sua, tugging, or twisting it)
for stretches of up to 46 minutes, or merely cagyit in a hand (in her
mouth or draped over a shoulder), until 16:22. riChemained in camp,
foraging on unripeédglaia sp. fruits,Ficus racemosa fruits and the leaves of
Erythina subumbrans, some epiphyte stems and the cambium of a lidha (a
items included in wild resident orangutan diet&)ns and Kelly came into
camp at 17:18, and remained there with Chris W@iD2 when they built

their night nests (see Appendix Il for details).

Chris was also videotaped chewing and playing witith on 28 April 2000
(by Nuzuar). She spent at least 1 hour and 45 tesrtandling cloth on that

day.

Herman was videotaped in camp on 29 April 2000Niguar). He came to

the ground behind the water pump to drink watemfeopuddle.
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Recorded camp visits

Orangutans entered camp on six days while noteg kept (Table 5.3).
Herman, Chris, Ans (and her dependent daughteryKeadind Yossa (the
adolescent son of the wild resident female Yet)eamo camp during these
observations. They primarily entered camp to katftuits (figs) ofFicus
racemosa, though Ans also drank from a puddle of water hetlthe pump
one day. They stayed as few as 2 hours and 20tesinbut more often

remained and built night nests adjacent to camp.

Social partners of rehabilitants and their descendants

Figures 6.2a-d show the percent of observation tina each focal had
nearest neighbors &860m,<10m, and<2m. Binjei, who was nursing a small
infant, spent very little time in parties duringishstudy. Herman, an
adolescent male, spent over half of his time inigsr The percent of each
focal's time spent in parties that was spent wibhesocial partner far50m,

<10m, and<2m distance classes are shown in Figure 5.3. \\Zties and

Ans spent the majority of their social time in pestwith other members of
their matriline, this was not the case for Binjgderman spent more time

with wild orangutans than with rehabilitants orittdescendants.

Table 5.4 indicates other focal orangutans thatewesecorded with
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rehabilitants or their descendants as social partinethese distance classes,
and which social partners the rehabilitants wesn seith during their focal
follows. Seven wild orangutans were seen with mensilof the Binjei
matriline during their focal observations, incluglithree not seen during
focal follows of members of the Binjei matrilin€&our wild orangutans were
seen with Herman, including two not seen duringnkiar's focal follows.
Records of where these social interactions occuweck not kept, so it is
unclear how much of this time was in camp wherehes or other items

could be taken and where cloth handling usuallyoed

Discussion

Rehabilitant orangutans introduced in habitats w&sident wild orangutan
populations constitute a sort of unintentional diekxperiment on the
acquisition and persistence of unusual or novelabeins within a given
habitat. = The fact that Ketambe’s successful rditahis and their
descendants continue to perform behaviors not seevild orangutans is
relevant to the issue of social learning in two amant ways. First, the fact

that these unusual behaviors have been passed tlowat least two
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descendant generations from Binjei, an ex-captiseclear evidence for
vertical social transmission of learned behavioBecond, the fact that this
behavior has not spread from the innovators to rothembers of the
population, despite evidence of opportunities focial learning, indicates
that orangutans are selective about what behathegsadopt after observing

them in others.

During the 1970s, when several rehabilitant orasaggitwere at Ketambe,
many of them showed handling of clothes, and Bi(ggid perhaps others)
were known to eat cardboard taken from the garp#gdn our terminology
(Chapter 2), the handling of clothing would be aalvskill or unknown,
whereas the cardboard chewing could be a subsestekidl (since the
contents are actually ingested). However, thetmaof taking clothes or
other items from camp and chewing or handling the® not spread to the
rest of the Ketambe population. It is limited teot surviving matrilines:
Binjei and her descendants; and Herman (son ofr¢habilitant female

Getty).

During this study, Chris was the orangutan mostroffeen going into camp,
taking clothes and other items, carrying them dralving them for extended

periods of time. Chris probably learned this betvatrom Ans, who had
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learned it from her mother, Binjei. Binjei may lealieen the first to adopt
this behavior at Ketambe, or she may have learneftom the other
rehabilitant orangutans that were there in the X97This fits the definition
for “tradition” (a behavior pattern persisting fraime innovator’'s generation
to future generations), a proposed condition fdrikatting culture to a
species (McGrew, 1992; McGrew and Tutin, 1978). tiis behavior does
not appear to serve any adaptive purpose (anctimfay be maladaptive, as
it is actively discouraged by the researchers asis&nts in camp), it may
also fit the “non-subsistence” condition for cuéy(iMcGrew, 1992; McGrew

and Tutin, 1978).

In just one year of focal observations, four ordaaga from rehabilitant
lineages came into contact with eight independelat @angutans. Though
records do not indicate whether these contacts pyake at camp, where
cloth and cardboard might be acquired and thereldvbe opportunities to
learn the associated behaviors, it is likely thathsopportunities occur. The
wild orangutans at Ketambe are very well habitugtedcduman activities
after three decades of regular contact with humbseiwers, so human
presence and activities should not inhibit wildngatans from approaching

camp. In the past, Binjei had regular, affinitigecial contact with Yet

178



(when the two were adolescents), and many wild gutams (especially
males, including Jon, Doba and Boris) followed thand visited camp.
Moreover, the wild residents Yet, Nur, Boris anddDeame into camp
during the 1990’'s, with Yet probably visiting campost frequently. It is
likely that Yet and other wild resident orangutdreal many opportunities
over the years to observe Binjei, Ans, Chris, GettyHerman acquire, chew
and handle cloth, but the wild residents did nat gtese behaviors to their

repertoires.

Ex-captive orangutans are known to use social legroues about what
items are edible in their new environment. Theyesy to proceed
cautiously, sampling a small quantity of a foodmteised by a human or
another orangutan, then later eating more and edpfte item as part of
their dietary repertoire (Rijksen, 1978; RussonP20 Rijksen (1978)
reported that wild orangutans sometimes chewec abotcardboard they
took from the rehabilitant orangutans, but he dugsreport wild orangutans
coming into camp to get these materials themselv@grhaps the wild
orangutans were using a similar strategy, but foaloth and cardboard

unpalatable upon testing.

The fact that no wild orangutans (original Ketamésgidents or descendants
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of these original residents) engage in cloth-hagdbr cardboard-chewing
behaviors supports the proposal that orangutansclamesy about which
behaviors to emulate and/or which models to obsfenveocial learning. To
the wild residents, the behavior of the introdudadividuals and their
descendants is apparently not worth copying, despiiple opportunities to

observe these behaviors.

However, the descendants of introduced individpalsist in these unusual
behaviors. The persistence of traditions througttical social transmission
within these lineages attests to either the impodaof early experience in
setting behavioral preferences in orangutans, erhigh regard the mother
holds as a model in orangutan social learning. s Thdicates that, while
rehabilitants’ peculiar behaviors are unlikely tpread throughout the
population, caution must be exercised in orangu&ntroduction if such

“unnatural” behaviors are to be minimized in thieadgilitant's descendants.

How can the universality of the apparently funciess nest raspberry at
Suaqg Balimbing (Chapter 4) be reconciled with thiéufe of the apparently
functionless “cloth handling” tradition to spreaal dthers at Ketambe? It
could merely be an issue of time-depth in the bigmathe nest raspberry

innovation could have arisen centuries ago at Baignbing, but we know
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with some certainty that cloth handling did not e@pat Ketambe until after
1971 (when the first rehabilitant orangutans wereught there, Rijksen
1978). Perhaps the adoption threshold for negtbeasies is lower than for
cloth handling — that is, cloth handling may be endemanding for new
adopters (more complex in terms of choosing andiaog cloth, or with a
greater fear barrier to overcome because of prayitoi the ground and to
humans), or nest raspberries may more intrinsicadiyarding to new
adopters. Perhaps there is a function for the resgiberries that was not
revealed by comparative analysis of the data availaOr perhaps the nest
raspberry was innovated or adopted by a very sdBisq Balimbing
orangutan who was considered a “good model” byrethe@hereas Binjei
and Getty were clearly “outsiders” at Ketambe wimhited connections and
low status (“poor models”). The latter scenariomsst likely, given the
selectivity shown in model choice by primates (MgoWamakoshi &
Matsuzawa 1999, 2000, Biro et al, 2003) and ther#fteeal work supporting

choosiness in cultural learning (Henrich & Gil-W&i2001).
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Table 6.1 Mammaian taxa exhibiting potentialy socidly transmitted
adjustable behaviors that vary between wild populations, and the
cultural category for those behaviors.

TAXON VARIABLE CULTURAL REFERENCES
BEHAVIOR CATEGORY
Chimpanzee  |Tool usefor foraging (e.g. |Subsistence ?&/Aﬂged ig Whirt]eri % gl -MZC%OL
- _di i , SO Boescn, X rew,
Pan troglodytes |nut-hammer, ant-dip) skill 1992 McGrew, 1994b; Sugiyama,
1993; Sugiyama, 1994; Boesch et al.,
1994; Fay and Carroll, 1994; Joulian,
1994; Boesch, 1996; McGrew et d.,
1997; Sugiyama, 1997
Tool usefor groomingor  |Weal skill sggaged i Er; Whir:al s% ;ﬂl.‘,aZOOlr,1 .
- 1 , dlSO Boescn, , BOescn an
comfort (e.g. leaf-napkin, Boesth, 1993; Sugiyama, 1993
seat-vegetation) McGrew, 1994a; McGrew, 1994b;
Sugiyama, 1994; Boesch et al., 1994;
Fay and Carroll, 1994; Joulian, 1994;
Boesch, 1996; McGrew et d., 1997;
Sugiyama, 1997
Allogrooming techniques |Weal skill or  |ReviewedinWhitenetal., 2001,
Reference 2003, also McGrew and Tutin, 1978;
. McGrew, 1994a; Boesch, 1995;
variant Boesch, 1996; De Waal and Seres,
1997
Attention-getting object Reference Reviewed in Whiten et al., 2001,
interaction (e.g. buttress-  |variant or iggg' also Boesch, 1995, Boesch,
drumming, leaf-clipping) |Display variant
Food choice Label Nishidaet al., 1983; McGrew, 1983;
Boesch and Boesch, 1993; Fay and
Carroll, 1994; Sugiyama, 1994;
McGrew et a., 1997; Uehara, 1997
Food processing technique |Subsistence Nishidaet al., 1983
skill
Vocdlization dialect Display variant |Mitani et al., 1992; Mitani and
Brandt, 1994; Arcadi, 1996
Salf-medication Label or Weal |Huffman, 1997; Huffman and Caton,
Kill 2001
Pygmy Prey choice Label or Reviewed in Hohmann, 2003
chimpanzee Subsistence
Pan paniscus skill
Buttress-drumming Display variant |Reviewed in Hohmann, 2003
technique
Tool usefor groomingor  [Weal skill Reviewed in Hohmann, 2003
comfort (e.g. leaf-napkin,
toothpick)
M ountain Food choice Label Tutin and Fernandez, 1992
gorilla Food processing technique |Subsistence Byrneand Byrne, 1993
Gorillagorilla  |(leaves) skill
beringel
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Table6.1 continued

TAXON VARIABLE CULTURAL |REFERENCES
BEHAVIOR CATEGORY
Orangutan See Tables2.2 and 2.3 Subsistence van Schaik et al., 2003,
Pongo pygmaeus skill, Weal Chapter 2
skill, Display
variant,
Reference
variant and
Unknown
Japanese macaque |Grass-roots washing Subsistence Nakamichi et al., 1998
Macaca fuscata skill
Stone handling Weal skill or :ﬂ;m: ;%83 -
Ul att,
unknown 1986
Acquiring or processing Subsistence :neé/iHa_/\r/;d i ; HimidgN
19 i Iralwi
provisioned foods skill 2987: Thiarry, 3?4 ’ 8,
Tokida et al., 1994
Allogrooming techniques  [Weal skill Tanaka 1995, 1998
Response to humans and Label or Reviewed in Nishida,
novel (provisioned) foods  |Subsistence |19/
skill
Chacma baboon Food choice Label Cambefort, 1981
Papio ursinus
Vervet monkey Food choice Label Cambefort, 1981
Cercopithcus Foraging tool use Subsistence Hauser, 1988
aethiops skill
Capuchin monkey |Food choice Label fggg{)ﬂm and Fedigan,
Cebus capucinus Food processing techniques |Subsistence Rose, 1997; Panger et
kill d., 2002
Social conventions Reference Perry et dl., 2003
variant or
Unknown
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Table6.1 continued

TAXON VARIABLE CULTURAL |REFERENCES
BEHAVIOR CATEGORY
Humpback whale  [Song dialect Display variant [Reviewedin Herman
Megaptera and Tavolga, 1980;
. reviewed in Rendell and
novaengliae Whitehead, 2001
Lobtail feeding Subsistance Weinrichet al., 1992
skill
Bowhead whale Songs Display variant [Reviewed in Rendell
Balaena Pp. and Whitehead 2001
Sperm whale Coda repertoire (vocdization |Display variant |Weilgart and
Physter dialects) Whitehead, 1997
macrocephalus Predator defense technique  (Weal skill Reviewed in Rendell
(postulated, based on and Whitehead 2001
scarring differences)
Killer whale Vocdlization repertoire Display variant |Ford, 1991; Strager,
Orcinusorca : : : 11995
Hunting techniques Subsistence kill |Reviewed in Rendell
and Whitehead 2001
Greeting ceremonies Reference Reviewed in Rendell
variant and and Whitehead 2001
Display variant
Beach rubbing Subsistence Reviewed in Rendll
skill, Reference and Whitehead 2001
variant or
Unknown
Bottlenose dolphin |Sponge carrying Subsistence Smolker et &l., 1997
Tursiops sp. skill or
Unknown
Signature whistle Display variant ?ggfg)lker and Pepper,
Feeding techniques Subsistence Reviewed in Renddll
(involving humans) skill and Whitehead 2001
Black rat Pine nut extractive foraging |Label and Aisner and Terke,
Rattus rattus technique Subsistence ~ |1992 Terkd, 1995
skill
Norway rat Food choice (mollusks) Label Reviewed in Nishida
Rattus norvegicus i‘g‘g;"'faW&HasegaNa
Greater spear-nosed |Group-specific calls Display variant |Boughman, 1998;
bats Boughman and
Wilkinson, 1998
Phyllostomus
hastatus
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Chapter 6

DISCUSSION AND CONCLUSIONS ABOUT ORANGUTAN
CULTURES

Overview

This dissertation has explored the evidence fonmgutan cultures from
several angles, between and within populationsudimg on behavior
variants and on the opportunities for social laagni The scope of known
orangutan behavioral variation, and the types bgb®rs that vary between
populations were described. Evidence supportingle for observational
learning was presented through a two-site compargfosocial proximity.

The possible function of one cultural behavior waplored, and the
frequency of some cultural variants associated witdst building in

orangutans was compared for those two sites. Begaléor vertical social

transmission of a traditional behavior within miates was presented.

Chapter 2 presented an investigation of the coraeetbehavioral content of
orangutan cultures using the geographic appro&aoss eight study sites,
eighteen behaviors varied between sites without alear ecological

explanation for their absence at certain sitedudiog 3 subsistence skills, 8

188



weal skills, 3 display variants, a reference vdriamd 3 behaviors whose
function was less certain. A further five behasidfour either labels or
subsistence skills and one weal skill) were likaty be cultural, but

ecological explanations for their absence could b@truled out without

further in-depth analysis of local habitat diffeces. Comparison with
Whiten et al's (1999; 2001) findings for chimpanzeeevealed that
orangutan and chimpanzee cultural variants ardaimdistributed amongst
subsistence skills, weal skills, display variantsference variants and
behavior variants whose function is unclear. Ahkig number of rare
behaviors were reported at sites with higher olzgem intensity, indicating

fairly uniform rates of innovation in orangutan pdgtions. As the number
of cultural variants did not correlate with obsdiva intensity at a site, their
distribution must be attributable to another facpyesumably social learning

differences.

The hypothesis that differences in opportunities $ocial learning can

explain differences in the quantity of cultural ieats was supported by the
results presented in Chapter 3. Suaqg Balimbing,site with the greatest
number of cultural variations, was found to exc&etambe in a number of

social measures, with significant differences atywdose distances (2m or

189



less). Differences in opportunities for socialrfeag were indeed related to
cultural differences, including the number of ssteice tools used in the
population and a difference in degree of speciatiman tree-hole tool use in

the two social clusters at Suaq Balimbing.

Chapter 4 examined further differences between SBafimbing and
Ketambe involving nest-building behaviors. It domied that multi-tree
nests were present but rare at Ketambe and custombhe8uaq Balimbing.
The nest raspberry was also customary at Suaq Balgnbut unequivocally
absent at Ketambe. | assessed several possiltiextual factors that could
explain the function of the nest raspberry (a caltwariant addressed in
Chapter 2 whose function was unknown), but fourat tmly nest-building
duration was associated with nest-raspberry pramluctOrangutan females
at both sites were less likely to have conspecifithin 50m when building
their night nests than at other times throughowt dlay. This tendency
toward dispersal for night-nests was not as st@n§uaq Balimbing as at

Ketambe, but the difference between sites did @ath significance.

The fifth chapter presented evidence for verticalia transmission of some
unusual behaviors, particularly cloth handling, the descendents of

rehabilitant orangutans at Ketambe. Several lofesvidence indicated that

190



there were opportunities for others to observedghe=haviors, but none of
them were assimilated into the behavioral repestonf wild residents at
Ketambe. Other studies had demonstrated selgctinit models and

behaviors for observational learning, which is auglble explanation for the

failure of the unusual behaviors to spread beybede¢habilitant matrilines.

In this concluding chapter, I will place this warka broader context. | will
discuss how the functional classification systeofféred can be applied to
evidence for cultural variation in other non-humanrswill propose future

research options that may be profitable in theystfdnon-human cultural

variation.

Types of Cultural Behaviors

Chapter 2 proposed a scheme for classifying culhehaviors according to
their putative function. Chimpanzees and orangutasth showed variation
in subsistence skills, weal skills, display vargnteference variants and
labels; some behaviors defied easy functional egtians, such as the nest
raspberry investigated in Chapter 3. Chimpanzeadsiore cultural variants
overall (Whiten et al. 1999, 2001). The distributiof cultural behaviors in

these functional categories did not differ sigrafily between chimpanzees
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and orangutans, though chimpanzees showed a Igvggportion of
subsistence skills and orangutans had relativelyem@al skills and variants

without clear functions.

Table 6.1 shows the same set of apparently cuyuvakying behaviors as
seen in Table 1.1, classified as described for guam and chimpanzee
behaviors in Chapter 2. One important caveat wotinparing species in this
way is that inter-population variation is only lgadetectable with multiple,
long-term studies of well-habituated animals atedént sites. Many species
where cultural variation is likely have only beeaded sufficiently at one or

two sites (e.g. gorillas, bonobos, elephants, rmdshtocetes).

Only chimpanzees and orangutans are known to hakiaviors that show
cultural variation in all behavioral categoriesc{uding unknown behaviors
for both species). Most of the proposed cultuedyiors in other species
are labels or subsistence skills; this could befeeation of observer bias
toward foraging activities, but if not, it makesnse from an adaptive
standpoint according to the models analyzed by Sahaik and Pradhan
(2003), wherein natural selection can favor theacdp for socially-

mediated learning of behaviors that directly impfittctess. The next most

commonly reported behavioral category was displagawnts, which again
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may be more indicative of researcher interest thetnal variation pattern,
but might also be related to the importance of ldisariants as a way to
clearly communicate group membership in social matam Possible

cultural variation in weal skills is only reportéar five of the sixteen species
(orangutans, chimpanzees, bonobos, Japanese maaaglisperm whales);
while some of these may be even more adaptivelyeriatjve than

subsistence skills (particularly predator defertsategies in the whales and
self-medication in the chimpanzees), the opporesitto exercise and
therefore socially learn such critical weal skildould be low in most

species. There were only four species whereiu@lltzariation in reference
variants was reported (chimpanzees, orangutansesfidged capuchins and

killer whales).

While subsistence and weal skills are very impdriarthe study of culture,
not least because of their fairly clear and diradaptive benefits for the
performer, they are open to modification and varatin different
environments without social learning. | suspeet gocial learning plays an
important role in many of these behaviors, andecloigservational learning
opportunities appear to be critical for the spraad maintenance of tool-use.

But the cultural variation in signals, with displagriants and particularly
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with reference variants, is by its very nature adpict of social interactions
within populations. In many ways, these are theemmemarkable cultural
behaviors, all the more so given their extreme irfgyee in modern human
populations. Reference variants, signals thagessen in specific contexts in
some populations, but are absent or given in differcontexts in other
populations, are likely to be the evolutionary pmsors of the symbolic
communication so refined in modern human langudgesne sense, cultural
variation in skills is really about sharing spaceone another’'s brains —
storing backups of adaptively useful informationmuiltiple places within a
population. In contrast, variation in signals ilwes consensus-building
between population members, such that signals gaeertain way in a
certain context actually do conveynaaning shared between signaler and

receiver (King and Shanker, 2003).

One very interesting avenue to explore in the stfdyon-human cultures is
that proposed by King (2002; King and Shanker, 2008 signals. Socially
adjustable communicative behavior can be considésed intrinsically

creative process that unfolds as communicatinghpestcontinuously adjust
their behaviors to one another” (King and Shankéq3 p. 5). The more

plastic the behavior is in later life, the more ogpnities there are for co-
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created innovations to arise; the broader the bnetavork in the population,
the more opportunities for the innovated signalsspoead to habitual or
customary levels within a population. A probabbamaple of this co-
creation is the social conventions seen in whitedacapuchins Qebus
capucinus, Perry et al., 2003). However, the novel coma@dionly spread
to a few individuals (were only rare or habituakhe populations), and most
were not maintained in the population (innovatiolofwved by extinction of
the behavior in a few years). In a sense, culteaghtion in labels and skills
is really about borrowing one another’s brains Hogaphically storing
backups of adaptively useful information in mubkipplaces within a
population. In contrast, variation in signals ihwes consensus-building
between population members, such that signals gaveertain way in a
certain context actually do convey a meaning shaetdeen signaler and

receiver (King and Shanker, 2003).

One could describe the patterns of intraspecifibab®sral variation and
social learning as a continuum of cultural comglexi Species showing
lower complexity would be those that show variatmmy in one type of
behavior, particularly those where the possibibfy modification through

social learning is limited to a very brief develogmal window. Many, if
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not most animal taxa have some examples of thiel l®f learning
specialization (primarily labels and non-tool-usbsistence skills, e.g. food
choice in rats, Terkel, 1996; Galef, 2003). Oftieese behaviors are learned
by such processes as social facilitation or stimelmhancement (cf. Zentall,
1996), primarily through vertical transmission offormation (Cavalli-
Sforza and Feldman, 1981) that tend to stay faulyiform across
populations and across time provided environmefatedors remain fairly
constant. Less plastic behavior variants (usuhiiplay variants) such as the
vocal repertoires acquired by young songbirds tignovertical and oblique
social transmission are perhaps an example of & mmpecialized type of

social learning (Irwin, 1988).

At a higher level of complexity, there are spediest exhibit two or more
cultural variants in different populations, and whevidence for more
flexible social learning; even more so if the baebessare in multiple skill
and signal classes. This level may apply to Jagmneacaques, capuchins,

and many cetaceans (see Table 6.1).

Toward the upper end of this continuum come speeuth flexible
repertoires of several cultural behaviors per pafpah, with strong evidence

for horizontal social transmission throughout a ydapon, and the
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possibility of “fashions” spreading and fading witha single generation.
Killer whales and bottlenose dolphins are appraaghhis level of culture
and learning specialization, whereas orangutanschimdpanzees probably
exceed them. The most complex cultures known (mmotaman cultures)
include cumulative technologies (via the “ratchi#é¢@,” Tomasello, 1999),

learned symbolic languages, abstract rituals astitutions.

Culture in the Context of Human Evolution

Orangutans are one of our closest living relatifi®avolo et al., 1994).
Recent comparative assessments of both fossil enettig evidence suggest
that the ancestor of all extant apes dispersedfolifrica into Eurasia about
20 million years ago, subsequently fissioning inih@ lesser apes (now
represented by the gibbons and siamangs, familpbddyidae) and the great
apes. By 13 million years ago, the great apes ddsidto a lineage leading to
orangutans and another lineage ancestral to theaffrapes (gorillas,
humans, chimpanzees and bonobos) that later rettongfrica (Stewart and
Disotell, 1998). A new exhibit at the Buffalo Muse of Science by J.
Grehan has re-ignited some discussion of the pbssiihat orangutans are

more closely related to humans than are the Afriepes (based on
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Schwartz, 1984), but this idea is not broadly ateep

The earliest evidence of hominin culture comes faotifacts in the African
archeological record: Oldowan Industry stone tdoishd in Gona, Ethiopia
dated to 2.6-2.5 million years old (Semaw, 2000hese early artifacts are
dated to about the same time as some animal bdmweegrgy evidence of
butchery practices (cut-marks and hammerstoneuir@gt in nearby Bouri).
There are more artifacts from slightly younger site eastern and later
southern Africa that also belong to the Oldowanubidy (reviewed in
Semaw 2000). Ambrose (Ambrose, 2001) notes thatestools and the
genusHomo appear nearly simultaneously in the fossil recaround 2.5

Mya.

With the possible exception of stone tools used moit-cracking by
chimpanzees (see Mercader et al., 2002), the aliNariation seen in extant
orangutans and chimpanzees would leave little aalbgical record. Given
the evidence for complex cultural variation dis@gsabove for chimpanzees
and orangutans, with some indication of this caganibonobos and gorillas
(in spite of a dearth of information on wild bonoéiod gorilla populations),
it is likely that the capacity for complex culturahriation is a general

characteristic of great apes. Therefore, quitegpbdy this level of cultural
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complexity was present in our last common ancester 13 million years

ago.

Conservation of Diversity in Multiple Ethnospheres

What is required for behaviors to become custonragy population prior to
their extinction? Models suggest that gregariongmals with a high
capacity for socially-mediated learning are the nhi&sly to have tool-use or
other adaptive skills reach customary levels in plogulation, and that
social-learning is a more important factor thanowative capacity in the
spread and maintenance of cultural behaviors (velmi8 and Pradhan,

2003).

Studies on the spread of novel technologies in mucoanmunities show that
the structure of the innovator or early adoptertxial network is an
important determinant of widespread adoption (seeb&si, 2002; Watts,
2003). As previous studies with chimpanzees amathgutans have shown,
organisms can be selective in the models they ehdms social learning
(Myowa-Yamakoshi and Matsuzawa, 1999, 2000; Biralet2003; Russon
and Galdikas, 1995). Evidence on the lack of $d@asmisson of unusual

rehabilitant behaviors (reported in Chapter 5) @ngruent with these
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findings.

The spread of technology in human populations Hes been linked to
larger-scale networks, with weak tieser{su Granovetter, 1973) between
societies playing a critical role in the advancemeh technological
complexity (Diamond, 1999). If there is a similate for inter-population
dispersion in other species (as shown for chimpsswzand orangutans;
Whiten et al.,, 2001; van Schaik et al., 2003a)cauld have important
implications for conservation in species where tabis fragmented by
human activity. If levels of dispersal between gagons, and therefore
diffusion of cultural behaviors, are reduced toozethe risk of cultural
diversity loss parallels the risk of losing genetiversity (see also van
Schaik, 2002). Similar losses of ethno-diversityhumans is a growing
concern (Davis, 1998, 2002), and a clear idea®fitk and extent of loss in
other species might help us to honestly appraisectsts of habitat loss.
Pagel and Mace (2004) propose that cultural ditxersi humans is a
response to ecological richness and locally delfidmsiesources. As these
rich habitats disappear, both human and non-humbral diversity may be

diminished.
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Future Research Suggestions

Each chapter of this dissertation looked at belrabiariation in orangutans
at different levels (between or within populationg) advance an
understanding of the cultural continuum in animalsach provides support
for the importance of social learning in culturadriation, and suggests

avenues for further profitable investigation.

The geographic method used to determine the disimiv of cultural
behaviors in orangutans (Chapter 2, van Schaik.ef@03a) was modeled
on the approach used for chimpanzees (Whiten efl@29; Whiten et al.,
2001). | believe that the face-to-face gatherihdieddworkers (as used to
discuss orangutan cultures) has the potential touxeh more productive and
accurate in providing comparable information thepeated correspondence,
particularly when it can be supplemented with vidpe of the behaviors of
interest. The geographic approach should certambyk for exploring
culture in other taxa, provided there are interigigéudied, long-term field

sites with comparable information.

The social comparison between Suaqg Balimbing anthri{lee orangutans

just scratched the surface of what can be donkisnarea. Further analysis
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will look more closely at interactions at the dyadivel, in each of these
populations yielding a more complete picture of gwicture of the social
networks. Analysis of the behavior of the focalividuals when in close
proximity to others could illuminate the opportue# for social learning of

specific types of behaviors.

Clearly, there is much still to be learned abowagjrape nests. These may
prove to be a greater source of cultural variatiospecies that nest socially.
One of the main restrictions to nest research aslithits to visibility for a
ground-based observer. It is very hard to see nofievhat goes on in nest
construction. Climbing into the canopy in time taateh the action is
impractical at best, and climbing to inspect thefaot after it has been
completed leaves out important details of the apelsavior while building.
However, the improvements in lightweight, remotemgped cameras might
make observations more practical. A remote-opdratEleo camera,
mounted on either a remote-controlled miniaturacheter or a quick-to-
assemble telescoping crane, could make a detailety ©f nest-building

behaviors more feasible in the near future.

Closer investigation of differences between maiesi within populations,

including comparison of offspring based on assamatcores for their
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mothers, could yield more information about howawations spread (or fail

to spread) through a population.

Whether one looks broadly (between populationgnore narrowly (within
populations and within matrilines), there is clearidence that certain
behavioral variations depend on opportunities focia learning. The
investigation of cultural variation in other specigelps us to understand the
extent of diversity, both genetic and behaviotaét is at risk when habitat is
destroyed or fragmented. It provides us with clabsut how we became
such remarkable culture specialists, and a greapgreciation for the
subtleties of difference between us and other speciAnd culture is a
concept that is just controversial enough to suppeely and productive

debate far into future.
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APPENDICES

APPENDIX I. SOCIAL PROXIMITY DATA ENTRY AND ANALYSIS
PROCEDURES

Priority of closest distance: | decided that the times at 2m were more likely

to be recorded and recorded accurately than 10rif,associal partner was
listed at 2m during a time not covered by the 1@3tmig, | added that time to
the 10m listing (adding a 10m entry if there wasomerlap, or extending the
beginning or end of a 10m entry if there was somerlap). The same
judgment call was used for 10m versus 50m disci@pan The only
exceptions to this were when it appeared that eor bad been made in one
digit of writing a start or end time for one of thstings, in which case |
chose a correction that would minimize the totalei(erring on the side of

less time at close proximity).

Independent _individuals: In most cases, only independent adults, sub-

adults and adolescents were included in social uneas Of course, there
are some gray areas when it comes to distinguiskingindependent
adolescent from a dependent juvenile (defined agdungest offspring of a
female, who very rarely is more than 50m away fréne mother).

Adolescents are often seen in proximity to theirthneo and new sibling.
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Juveniles were sometimes seen apart from their enotéind while not
followed as focals for this study, they are some8mecorded as independent
social partners of focals if their mother is notsimilar proximity to the
focal. With younger juveniles, this can sometirbesthe case for 10m and
2m measures (even though the mother is within 50rhe focal and the
juvenile). These juveniles were not counted irtypareasures if their mother
was also within the same distance radius as thenjlec For number of
partner counts, juveniles and their mothers wetecnanted separately (for
cumulative counts, the mother/juvenile pair wasnted as a new individual

on the date the first of that pair came into tlaalius).

Copulations: | added in 2m (and 10m or 50m when necessaggplilation
was recorded on the daily instantaneous data stotes, but had not been
recorded on the social data sheet, under the assumimnat copulating

orangutans are by definition closer than 2m apart.
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APPENDIX II. CHEWING CLOTHES: A DAY WITH CHRIS

This appendix provides details on the cloth-hardlxehavior of Chris, the
grand-daughter of the rehabilitant orangutan Bjnfjem one observation
day. Much of this behavior was captured on videetaThese details were
supplemented with field notes on Chris’ behaviaio@k notes while Nuzuar

videotaped).

We met Chris in the forest not far from camp aD08n 31 May 1999. She
fed onMastixia trichotoma fruits, fruits from a liana, unripe fruits dfglaia
sp., young leaves from a liana, and some ants ifgpgsw/0 different types,
one in the root mass of an epiphyte, and the dther inside a treehole), and

moved through the forest. At 11:28 she began ngpdlirectly toward camp.

By 11:45 she had reached camp and was carrying starie blue cloth,
apparently the tattered remnants of a T-shirt. didenot see her enter camp
to take it, so we suspected she had cached itreeat the edge of camp (she
had probably stolen it off a clothesline at camjeast several days earlier).
She began building a day nest a minute later, thighcloth draped over her
right shoulder. She rested in the nest quietlytfier next hour and a half,

save for a minute in the middle of this time whbe seached out of the nest,
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broke off a nearby small, leafy branch and addéal the nest.

At 13:21, Chris began moving in the nest, putting tloth in her mouth and
audibly sucking on it for about nine minutes. Shen rested quietly for
another hour in the nest. At 14:30 she left thet math a different piece of
T-shirt, moved up into the tree and chewed it util35, when she draped it

over her left shoulder and moved back into thertzst she’d just vacated.

For the next forty-six minutes Chris remained ia tiest, but actively played
with and chewed the cloth. She had it in her maunth tugged on it with her
right hand, then she draped it over her right fmad tugged on it with her
left hand. Next she held it in her left hand olaer head. Then she held it
with her left foot and plucked at it with her I&fdnd. She rested quietly for a
minute, then lifted the cloth toward her head widr right foot. She held it
high over her head with her right foot and bothdsgrthen shifted most of it
to her right hand, then took it up with her righof. She relaxed and draped
the cloth over her right leg. At 15:08 some loageld macaquedvacaca
fasicularis) moved into a nearby tree. Chris continued ty pléh the cloth,
twisting and tugging it for another fourteen mirgjtéhen resting quietly for

5 minutes.
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Chris moved out of the nest at 15:27, with someéhcia her mouth and

draped over her right shoulder. The cloth hungr dwr shoulder as she
began feeding on some flowers (possiblyeggia sp.) at 15:30. Three
minutes later Chris moved again, holding the clother mouth. She paused
for a minute, holding the shirt with her right haawd drawing it through her
mouth, biting and holding one mouthful at a tim&he moved away again
with the cloth over her right shoulder, and therried it in her mouth and

right hand. After three minutes traveling, she gemlito chew on the cloth
again for four minutes, then resumed moving uriids, when she ate more

flowers for four minutes.

After another four minutes of travel, Chris agamised her behavior on the
cloth. At 15:54, she draped it over a branch aado® part of it, then
grabbed the rest with her left hand and pulled ihér mouth for a couple
minutes. For about two minutes she sat while Imgidhe cloth with both
feet. Then she held it in her mouth and plucked atith her right hand.
She returned it to her feet for a bit, then at 36s@e once again used her
right hand to draw the cloth through her mouthe lmy bite. She held it in
her right hand for a few minutes, and then suckedhe cloth, holding it

only in her mouth. She pulled the cloth away wi#r right hand, then held
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it in her left hand and mouth, then held it withthbdands. At 16:14 Chris
sucked on the cloth for two minutes, and then saesterred it to her feet
and right hand. She draped the cloth over a bramalling some in her
mouth and her right hand. At 16:18 she tore a sifiploth off with her left

foot, while continuing to hold it in her mouth. &lmoved away with the
strip of cloth hanging from her mouth at 16:19yieg the remainder draped

over the branch.

Chris kept the strip of cloth with her until 16:28hen she dropped it and
went back to feeding on unrip&glaia sp. fruits at the edge of camp.
Twenty-eight minutes later she ate sofneus racemosa figs. At 16:54 she
moved on, stopping after two minutes to feed on ldeves ofErythina
subumbrans. After eight minutes she moved, ate some nforeacemosa
fruits, moved again, and then chewed somethingemtified that caused her
to spit out something greenish. She moved aghén tested near the edge
of camp at 17:18 as her mother, Ans approachedingrher young sister,

Kelly.

By 17:22, Ans had approached to within about 10n€lofis. Chris moved
about 2m closer to Ans, and both sat quietly. AB8Q0, Chris began looking

at Ans and Kelly. Ans was looking away, sucklingll. Thirteen minutes
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later Ans moved a few meters away, then Chris ¥, approaching within
6m of Ans and Kelly. Ans looked away from ChriShris yawned widely at
17:50, and again two minutes later. About two rtesuafter that, one of the
camp cooks approached (Ans was resting in a tréeCamnis was hanging in
some lianas just behind the kitchen). The cookdteeveral meters away
and made kissing noises at the orangutans, whdhegtcer. At 18:00, Ans
turned toward Chris, and two minutes later Ans @indis approached one
another to within 4m. Chris began feeding on thmlgium of a liana at

18:06, then swung to within about 3m of Ans andees

At 18:12, Ans moved away from Chris, but Chrisdeled to maintain about
3m distance. After two minutes, Chris began fegdin the stems of an
epiphyte (eitherSndapsus hederaceus or Photos oxyphyllus) while Ans

faced away from her. Chris fed for ten minutegntinested for five before
moving away, with Ans now following to maintain alica 3m separation.
At 18:31 Ans moved away, increasing her distanoenfChris by about 5m,
then Chris followed Ans to close the gap back ta 3Ans moved away
again, and Chris again followed, then hesitated almdved Ans to increase
their separation to more than 10m by 18:35. BB&&hey were 15m apart,

and both were feeding on figs in oReracemosa tree. At 18:55, Ans moved
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out of the fig tree, to about 30m away from whet&i€ continued to feed.
Chris moved out of the tree at 18:58, heading afn@y camp and into the
now dark forest where we could hear her build hest.n Ans built a night

nest in a nearblarashorea lucida tree at 19:02.

On this day, Chris spent about four-and-a-half kofmearly 42% of the
observation time) carrying her cloth. For one-anaialf hours of that time,
she was actively manipulating, sucking or chewingtee cloth. Only seven
minutes of this time were spent feeding, plus amo&hours and 44 minutes

feeding without the cloth during the course of dhservation day.

| never discovered who had lost a dark blue T-sbirtwhen it might have

been taken.
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