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DISSERTATION ABSTRACT

Klaree J. Boose
Doctor of Philosophy
Department of Anthropology
September 2017
Title: Behavior and Socioendocrinology of Bonobos (Pan paniscus): Mechanisms That

Contribute to the Evolution and Maintenance of Social Structure in the Other Pan

Species

Research into the origins of our own social behavior begins with understanding
how environmental elements lead to complex social interaction. Social structure emerges
from these interactions as a bottom-up process, whose patterning constitutes the very
framework of a society. Studies of behavioral mechanisms are important in determining
the full repertoire that results in the social and dominance structures of a species.
Hormones such as oxytocin and cortisol facilitate and fluctuate in response to social
interactions and measuring their relative values among individuals is a valuable tool in
testing functional hypotheses of behavioral mechanisms. The objective of this
dissertation is to investigate several fundamental, under-, or previously unstudied
behavioral mechanisms and hormonal correlates that shape the unique social system of
bonobos.
The first study describes the pattern of expression of harassment behavior among

immatures and tests predictions generated by the Exploratory Aggression and Rank
Improvement hypotheses. Results demonstrate that immatures use harassment to test the

nature of existing inter-individual relationships and to explore the parameters of

v



aggressive behaviors and furthers our understanding of juvenile development of
aggression and integration into the dominance hierarchy. The second study describes the
pattern of occurrence of infant handling and tests predictions generated by several
functional hypotheses, including examining the relationship between oxytocin and
handling behaviors. Results show a significant sex difference in expression of handling
where, during adolescence, male interest in infants sharply declines whereas females
continue to handle infants, the expression of which was correlated with oxytocin. These
results primarily support the Learning-to-Mother hypothesis and provide insight into the
role oxytocin may play in facilitating care-giving behaviors in young females. The final
study explores the patterning of female sexual behavior and male aggression, and
investigates whether male constraint of female choice imposes a cost to females through
induction of a stress response. Results show that while females exercise unconstrained
mate choice through proceptive behaviors, males influence female receptivity through
aggression and sexual coercion, shedding light on the degree to which rank related
asymmetry in male mating success reflects female choice vs. constraint of choice.

This dissertation includes previously published and unpublished co-authored

material.
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CHAPTER I

INTRODUCTION

THEORETICAL BACKGROUND

“In considering structure, to limit discussion to relationships between
actors in their capacity of playing roles relative to one another, where
playing roles refers to the occupancy of a particular position in the
society, is to consider only part of the whole, and to seek for principles

whose pure expression is always confounded by that of others.”
Hinde, 1976, ‘Interactions, relationships, and social structure.’

The Socioecological Synthesis

The core principles of the theory of evolution by natural selection is that given
variation, heritability of that variation, and differential reproduction as a consequence of
that variation, those traits that yield greater relative reproductive success of their bearers
will tend to be retained and spread, for that reason, through a population. Organisms will
thus compete for access to resources that enable them to survive and reproduce within a
particular environment (Darwin 1859). This competition for limited resources pits
individuals of the same species, both within and between groups, against each other in a
struggle for both survival and relative reproductive success. However, despite this
inherent competition between individuals, cooperation, in one form or another, is evident
across the whole of Kingdom Anamalia. Cooperative action ranges from genes interacting
in a genome (Frank 1995 ) to the emergent property of social structure that arises out of

individuals living together within a society (Watts 2010 ).



At the level of the individual organism, humans are among the cooperative
outliers in the animal world. Research into the origins of our social behavior begins with
an understanding of how elements of the environment lead to complex social interaction.
Studies on primate behavioral ecology have demonstrated the importance of
understanding the diversity of behavior of our closest relatives for shedding light on our
own species’ evolutionary trajectory. After nearly 60 years of work, the Socioecological
Synthesis (SES) has emerged as the primary model for generating predictions about the
ecological conditions that give rise to the variety of social systems seen within the
Primate Order. The SES seeks to unify the core parameters that account for this
behavioral diversity: 1) group living with particular emphasis on female group formation;
2) constraints on group size; 3) male distribution around female grouping patterns; 4)
types of dispersal and competitive regimes; 5) the nature of social relationships within a
group; and 6) the resulting higher order social structure that is characteristic of a species,
genus, or clade. According to the SES, living in a group is, for most species, the
foundation for complex social structure (Fig. 1.1).

Compared to other mammals, primates share a number of unique characteristics,
particularly the Order’s high level of sociality. Nearly all species of haplorrhines (the
clade containing tarsiers, old world monkeys, and apes), and many genera of strepsirrhine
(the clade containing lemurs, lorises, galagos, pottos, sifakas, and indris), live in stable
social groups consisting of multiple males and females (Smuts et al. 1987). Within the
broad context of evolutionary theory, group living depends on the benefits afforded to

individuals in groups (e.g., reducing predation risk) outweighing the costs of sharing



resources and dealing with intra-group conflicts. The SES predicts group living under a
particular set of risks and resource distributions that act as important evolutionary
pressures in primates. Although readily tested among short-lived species, the long lives of
primates have made it difficult to test predictions of the SES model directly.
Nevertheless, primates are subject to the same principles of evolution by natural selection
and their distinctive attributes can be studied within this framework. For example, rather
than obstacles to understanding the underlying selective processes, the behavioral
flexibility characteristic of cognitive sophistication across primates is based on suites of
adaptations to the complex social and ecological environments faced by these species.
Additionally, organisms with few offspring are inherently subject to unique pressures that
can be catastrophic to their net fitness, namely predation and infanticide. In general, the
application of the SES over the last four decades has given shape to 3 key evolutionary
agents shaping the evolution of group living in primates: 1) food resource characteristics;
2) the intrinsic threat of predation; and 3) avoidance of sexual coercion and infanticide
(Fig. 1.1).

ecology social system

..

food abundance, distribution
and quality

mating system

grouping pattern
—group size
—composition
—cohesion

predation
(incl. parasites and diseases)

social structure

\ |/

social risks social
(incl. sexual coercion and organization
infanticide)

Fig. 1.1. Flow chart of the Socioecological Synthesis



Research on the evolutionary agents driving the group living in primates has
focused primarily on the relationship between female aggregation and dispersal around
food resources. Wrangham (1980) posited that spatial and temporal variance in food
distribution and corresponding differences in the intensity of feeding competition could
account for the differences in group size between species. He also suggested that
differences in female social relationships and dispersal patterns could be tied to features
of feeding competition (Wrangham 1980 ). He hypothesized that where the distribution
of resources is patchily distributed, competition for these feeding patches will be frequent
and intense. Selection would then favor the formation of dominance hierarchies and
resource defense by groups of philopatric females who share not only the benefits of the
spoils but gain additional inclusive fitness benefits by facilitating food access to close
female kin and their progeny (Wrangham 1980). In contrast, then, where food resources
are of low value or are evenly distributed in the environment, feeding competition will be
less intense and the benefits of resource defense via the construction of female philopatric
groups would be reduced (Wrangham 1980). Under this scenario, dominance relations
between females would be less consistent, the payoff associated with cooperating with
female relatives would be low and thus, females would be more likely to disperse into
smaller groups with less feeding competition (Wrangham 1980). Collectively, these ideas
became known as the Between-Group-Contest (BGC) competition component of the

SES.



This brings up the questions of why there are groups with multiple males, and
why do so many primate species have essentially stable associations between males and
females? Permanent associations between males and females are unusual among
mammals. Because females invest more heavily in offspring (primarily through the
energetics involved in gestation and lactation) and are generally limited by their access to
food resources, males typically compete for access to available fertile females, thus
making females the limiting resource for male reproductive success (Trivers 1972). One
consequence of this asymmetry in parental investment is that variations in group
composition across primate species may best be understood in terms of the connection
between female sociality and male mating strategies, whereby males follow the
distribution of females (Bradbury and Vehrencamp 1977 ; Emlen and Oring 1977,
Wrangham 1980; Clutton-Brock 1989 ). The spatial distribution of females has been
shown to be a reliable predictor of the number of males in a group (Andelman 1986 ;
Dunbar 1988 ; Altmann 1990 ; Janson 1992 ) and Andelman (1986) was first to
demonstrate that the number of males per group across a range of cercopithecine species
was correlated with the number of females. Subsequent research corroborated these
findings (Dunbar 1988; Altman 1990), showing correlations between numbers of females
and males for a range of species, leading Altmann (1990) to famously conclude, “primate
males go where the females are.”

In many primate species, permanent associations between males and females are
thought to be the result of a high risk of infanticide (van Schaik and Kappeler 1997).

Infanticide functions as an effective sexual strategy, whereby males are able to increase



their fitness by killing the dependent offspring of rival males, ending the mother’s
lactational amenorrhea and thus bringing her into estrous sooner than she otherwise
would (Hrdy 1974). On this view, males stay in a group, even when the mating season
has ended, to protect their offspring against attacks from other males. The conditions that
give rise to infanticide are associated with male monopolization of females because males
will evolve alternate strategies to access females, including the use of infanticide. Given
the extreme fitness cost of infanticide for mothers, females are expected to evolve
counterstrategies to reduce that risk (Hrdy 1979). Polyandrous, or promiscuous, mating
has been proposed as a counterstrategy that functions to confuse paternity among the
available males (Hrdy 1979; van Schaik et al. 1999). Supporting this hypothesis is the
observation that non-conceptive female receptivity is highest in species with a high
degree of infanticide (Soltis 2002; Paul 2002). Additionally, under contexts of high
mating skew, primate males will often engage in other forms of intersexual conflict, such
as sexual coercion, where male directed aggression drives female proceptive sexual
behavior (e.g. chimpanzees: Muller et al. 2011). As expected, this leads to inter-sexual
competition, because as the principles of parental investment theory predict, females are
expected to express mate choice by mating with the highest quality male available
(Trivers 1972). Studies determining the degree to which male directed aggression
influences female proceptivity and receptivity are thus important for our understanding of
the socioecological parameters that give rise to female choice and male constraint of

choice.



Just as resource distribution and infanticide risk drive the formation and
composition of primate groups, these factors also influence the types of social
relationships within and between communities. When within-group competition is
strong, selection will favor traits that lead to success in aggressive interactions
(Janson 1985). This is particularly the case for females, whose reproductive success is
closely tied to their ability to acquire food resources (Janson 1985). Because
aggressive interactions entail costs, even among physically powerful individuals,
selection is expected to favor the formation of dominance hierarchies as a mechanism
to regulate access to resources while, simultaneously, minimizing the costs associated
with constant aggressive interaction between individuals (de Waal and Luttrell 1989).

De Waal (1986) has hypothesized that evidence of this aggression reduction
function of dominance hierarchies can be found in the evolution of formalized signals
of dominance and submission in species with clear and linear hierarchies.
Conceptually, de Waal (1986) likens these signals to a type of ‘peace agreement’
whereby when individuals compete over a resource, instead of costly physical
altercation, each flashes the appropriate signal (of dominance or submission) that is
the product of their previously determined relationship. Stability in dominance
hierarchies is achieved via agonistic support of relatives in contests and reciprocal
coalitions with non-kin (Chapais 1992). Furthermore, primates are unique among
mammals for maintaining long-term, and often equitable, social bonds with

conspecifics. Enduring relationships, however, inevitably involve contests over



limited resources, including access to mates, the outcome of which can significantly
impact fitness. These recurring and dynastic competitive interactions are the
mechanism by which dominance and submission between individuals is established,
and in turn, defines the nature of social relationships within a group (Hinde 1983).
Studies detailing the agonistic interactions among all individuals, including
immatures, across a variety of contexts are therefore necessary to accurately describe
dominance in a species.

Becoming fully integrated into the dominance hierarchy is a developmental
process of particular importance in species where dominance rank confers fitness-
related benefits, such as mating success in males and access to resources in females.
Acquiring the social skills necessary to navigate the complexities of group living is
one factor thought to contribute to the slow life histories that characterize primates as
a clade. Life history theory posits that the energy extracted from the environment is
finite and cannot be allocated for multiple functions at the same time (Charnov 1979,
1991; Stearns 1992). Natural selection therefore is predicted to produce age and
context specific tradeoffs among growth, maintenance, and reproduction (Charnov
1979, 1991). The extended period of juvenility (growth) in primates is posited to have
been selected for to provide time for brain development to learn critical species-
specific social, foraging, and mating and/or parenting skills (Harvey and Clutton-
Brock 1985). For example, successful rearing of offspring in primates is dependent on

juvenile females having the opportunity to learn and gain valuable experience



practicing and watching other females perform maternal behaviors (Harlow and
Harlow 1965; Lancaster 1971). Studies that give special attention to the behavioral
mechanisms of juveniles and adolescents are therefore valuable for understanding the
full behavioral repertoire of a species and the resulting social structure that develops
from interactions among all individuals within a group. Social structure emerges from
these interactions as a bottom-up process, whose patterning constitutes the very

framework of a society (Hinde 1976) (Fig. 1.2).

The Genus Pan
The earliest comparison of our two closest extant relatives was detailed by Robert

Yerkes in his book Almost Human, by mistake. Yerkes had assumed the young male

he named Prince Chim and the female he named Panzee both belonged to the species
Pan troglodytes, the common chimpanzee. He describes Prince Chim as an
intellectual genius, alert, adaptable, and agreeable in disposition in comparison to the
female youngster, Panzee. We now know Prince Chim was a bonobo, Pan paniscus,
and that Yerkes had given the first accounts of behavioral differences between
chimpanzees and bonobos. Decades later, Jane Goodall would conduct her pioneering
work on the wild chimpanzees of Gombe, setting off an avalanche of studies on the
species who would go on to redefine the meaning of being human. Although bonobos
were formally recognized as a separate species within the Pan genus in 1929, detailed

investigations into their behavior and ecology wouldn’t come until much later, when



researchers Kano, Badrian and Badrian, White, Idani, and Furuichi began publishing
their observations from wild field sites. Bonobos are endemic to the Congo basin, a
region with dense vegetation that has been plagued by human conflict over the last
several decades. For these reasons, observations of wild bonobos are difficult and
continue to lag behind the field studies of chimpanzees through to the present day.

Nevertheless, researchers are steadily working towards establishing a set of
ecological parameters that explain the observed variation in behavior across the Pan
genus. Early comparative research detailed significant differences in dominance,
aggression, inter-community interactions, and use of sociosexual behavior (Kuroda
1979; Thompson-Handler et al. 1984; Kano 1992; White 1996; Nishida 1997). More
recently, differences across bonobo field sites (ex. Lomako: White 1992, 1996; Lui
Kotal: Hohmann and Fruth 2003) demonstrate the importance of expanding the
breadth of information we have on bonobos to gain the full picture of their behavioral
repertoire and the ecological conditions that give rise to it. Chimpanzees occupy a
range of habitats across equatorial Africa and show marked behavioral differences
across the populations that inhabit different regions (see Stumpf 2011, Table 20.3 and
Fig. 20.1, ppg. 342-345). This has led some researchers to conclude that these
observed behavioral differences are primarily driven by ecology and not tied to
species-specific behavioral repertoires (see Stanford 1998).

Both chimpanzees and bonobos are male philopatric and exhibit a multi-male

multi-female grouping pattern with fission-fusion community structure (Nishida
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1968; White 1988; Kano 1992). Both species are large bodied, ripe fruit specialists
who derive protein from both plant and animal sources (Kano 1992; Goodall 1986).
Although consumption of terrestrial-herbaceous-vegetation (THV), social insects, and
vertebrates varies considerably across chimpanzees and bonobo field sites, both
species are primarily frugivorous (Wrangham et al 1998; Conklin-Brittain et al.
1998). There are, however, key differences in chimpanzee and bonobo habitats that
may have shaped female spatio-temporal distribution. For example, White (1996)
demonstrated that bonobo habitats exhibit less seasonal variability in food availability
relative to what has been observed across chimpanzee field sites and, therefore,
experience reduced variability in feeding competition, allowing females to associate
more frequently and in greater party sizes.

These differences in ecology are also thought to impact reproductive parameters
within the genus. Greater party sizes and more permanent associations between males
and females in bonobos likely reduce the risk of infanticide (Kano 1992; Stanford
1998) compared to chimpanzees, who are known to kill infants both within and
between communities (see Arcadi and Wrangham 1999). Among female
chimpanzees, dispersing copulations across all of the male group members is thought
to confuse paternity of their offspring and has been conceptualized as a counter-
strategy to infanticide, although females may also concentrate copulations with the
alpha male during times when conception is most likely (Stumpf and Boesch 2006).

In response, because chimpanzee dominance is sex based, males may use sexually
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coercive aggression directed at females to constrain female choice (Muller et al. 2009;
2011). In bonobos, numerous studies on inter-individual relationships in bonobos
have demonstrated that females can occupy the highest rank positions within the
dominance hierarchy (Furuichi 1997; Stevens et al. 2007; Surbeck and Hohmann
2013; Goldstone et al. 2016) and that females form strong bonds with both males and
females (White1998; Hohmann et al. 1999). Mating success and paternity skew are
high among male bonobos (Boose et al. 2012; Surbeck et al. 2017), but the degree to
which this skew is the result of female choice vs. male constraint of female choice is
not known.

Finally, bonobo habitats have less variation in seasonality of food availability,
which may also contribute to the slightly lower inter-birth-intervals (IBI) seen in
bonobos compared to chimpanzees (Nishida 1990; Furuichi et al. 1998; White et al.
2008). Coupled with the inferred low risk of infanticide, opportunities for individuals
to interact with infants may be greater in bonobos than in chimpanzees. The function
of interactions with infants in bonobos and the impact of these relationships on social

and dominance structures, however, has gone largely unstudied in this species.

HORMONAL REGULATION OF BEHAVIORAL MECHANIMS

Natural selection is expected to have shaped hormonal responses to different life and
environmental contexts in ways that maximize reproductive success. The degree to
which the hormonal response is plastic can vary by taxa, with primates being more

flexible as a clade than other mammals. Investigations into the socioendocrinology of
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primates, therefore, can shed light on the different biological pathways that regulate and
facilitate complex sociobehavioral mechanisms. In particular, the hormones oxytocin and
cortisol are known to facilitate, and fluctuate in response to, social interactions. Studies
measuring the association between levels of these hormones and social behavior within a

group therefore provides a valuable tool for testing functional hypotheses about behavior.

Oxytocin

Oxytocin (OT), along with other neuropeptide hormones, functions as a
modulator of complex social behavior and social cognition in mammals (Lim et al. 2006).
Produced by the hypothalamus and stored and secreted by the pituitary gland, OT acts
primarily as a neuromodulator in the brain where, once released, is not immediately
reabsorbed or broken down into a metabolite and diffuses into the cerebrospinal fluid
where it influences neurons in several areas of the brain. OT has long been recognized for
its functions in several aspects of reproduction including parturition, lactation, and
mating (Fuchs et al. 1982; Caldwell et al. 1986; Smith 1989; Witt and Insel 1991) and has
also been associated with the regulation of social behaviors (see Benarroch 2013;
Feldman 2012; Meyer-Lindenberg et al. 2011 for review) such as anxiety and affiliation
(Insel 1992; Insel and Winslow 1991; Witt et al. 1992), interpersonal trust (Van
IJzendoorn and Bakermans-Kranenburg 2012), recognition of emotions and empathy
(Rodrigues et al. 2009; Hurlemann et al. 2010; Lischke et al. 2012; Perry et al 2013), pair

bonding in monogamous species (Insel 1992; Insel and Hulihan 1995; Ross et al. 2009;
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Snowden et al. 2010; Schneiderman et al. 2012), and social bonding and food sharing in
chimpanzees (Crockford et al. 2013; Wittig et al. 2014).

More recently, research has begun to focus on the role of OT as a key
neuromodulator of caregiving, responsible for the facilitation and maintenance of
maternal behaviors (Pedersen 1997; Strathearn 2011; Feldman 2012; Pedersen 2013; Kim
et al. 2014). Further studies using animal models have significantly advanced our
understanding of the neuroendorine pathways of OT mediated maternal behaviors. For
example, injection of OT stimulates the onset of species-specific maternal behaviors in
rats (Pedersen and Prange 1979). In mice, variations in lactation-induced OT levels have
been found to correspond to variations in maternal behaviors (Francis et al. 2000) and
administration of OT has been found to suppress rates of infanticide and simultaneously
increase care-giving behaviors (McCarthy et al. 1986; McCarthy 1990). In female sheep
(ewes) central injection of OT has been found to rapidly stimulate species typical
maternal responses (Kendrick et al. 1987), while the administration of peridural
anesthesia, which blocks the normal rise in cerebrospinal fluid (CSF) concentrations of
OT, was found to inhibit onset of maternal behaviors (Levy et al. 1992). In rhesus
macaques, researchers have found that variations in maternal behaviors, such as time
spent grooming and nursing, are associated with variations in circulating OT
(Maestripieri et al. 2009). OT has also been implicated in the modulation of maternal
behaviors in humans, particularly during pregnancy and the postpartum period. For
example, peripheral OT levels rise and remain high in pregnant and parturient women

(Feldman et al. 2007; Levine et al. 2007; Gordon et al. 2008, 2010) relative to non-
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pregnant women (Feldman et al. 2007; Gordon et al. 2008). Researchers have also found
that OT levels during pregnancy are predictive of maternal behaviors such as infant gaze,
vocalizations, positive affect, and affectionate touch during the postpartum period
(Feldman et al. 2007) and mothers who exhibit a pattern of rising OT during pregnancy
and the early postpartum period self-reported stronger attachment to offspring (Levine et
al. 2007). In addition, higher OT levels have found to be associated with greater infant
affect synchrony and social engagement (Feldman et al. 2010). The results of these
studies indicate that OT may function in a state vs. trait manner, ready to influence the
onset and facilitation of maternal behaviors when the context of providing care-giving

behaviors to infants arises.

Cortisol

Cortisol is a glucocorticoid hormone produced by the adrenal glands that
modulates the body’s response to external stressors. Stressors are elements of an
organism’s environment that perturb an individual’s physiological or behavioral
homeostasis (Selye 1975). The physiological mechanism behind the induction of a stress
response has been well studied in animals, including primates (see Sapolsky et al. 2000).
Upon perception of a stressor, the hypothalamus-pituitary-adrenal axis (HPA) is
activated, causing a cascade of neuroendocrine events whereby the hypothalamus
releases corticotropin-releasing hormone (CRH), which causes the anterior pituitary to
secrete adrenocorticotropic hormone (ACTH) into the circulatory system. ACTH is taken

up by the adrenal gland where it stimulates the secretion of glucocorticoids which
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function to facilitate bringing the body back to homeostasis. Best known for its role in the
‘fight-or-flight’ response, cortisol up-regulates gluconeogenesis (the metabolism of fat,
carbohydrates, and protein into glucose), increasing energy production when an
individual is faced with a stressor. At the same time, processes that are not required for
immediate survival are down-regulated and only when the external stressor has been
resolved, will cortisol levels return to baseline. When chronically elevated, however,
cortisol can have deleterious effects on several systems in the body including immune
functioning, cognitive performance, and sleep patterns (ex. Dickerson et al. 2004) and
chronic exposure to stressors can, therefore, impose a significant fitness cost.

As discussed above, competition for both food and mates are inherent features of
group-living species and aggressive behavior associated with this competition can induce
a stress response. This response is detectable through the relative changes in an
individual’s circulating level of cortisol and has been demonstrated in a number of
primate species (Sapolsky 2005, see Anestis 2010). Variation in cortisol levels between
individuals within a group have been associated with acquiring and maintaining rank as
well as aggression received by subordinate individuals (e.g., Surbeck et al 2012).
Researchers have also demonstrated that the sexually coercive aggression female
chimpanzees receive from males (Muller et al. 2011) is costly to females in terms of the
induction of a stress response (Muller et al. 2007), suggesting a negative impact on
fitness. Measuring variation in cortisol levels in response to social stressors is, therefore,
a valuable tool in assessing the relative importance and impact of agonistic interactions

on inter-individual relationships.
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DISSERTATION OBJECTIVES

There are few longitudinal and multidimensional examinations of one of our
closest relatives, the bonobo (Pan paniscus). The objective of this dissertation is to use
five consecutive years of data collection to investigate several under-studied or
previously unstudied behavioral mechanisms that shape the unique social system of what
has been called the other Pan species.

1. Mechanisms of Development:

a. Harassment: to assess the functional nature of this mechanism and its
role in facilitating the entry of juveniles and adolescents into the adult
dominance hierarchy, I will describe the expression of harassment
behaviors and test the predictions generated by the Exploratory
Aggression and the Rank Improvement hypotheses

b. Infant Handling: to better understand this frequently occurring but not
yet studied behavioral mechanism in bonobos, I will describe the
patterning of expression of infant handling, test predictions generated
by six functional hypotheses to account for infant handling, and
determine the relationship between infant handling and oxytocin, a
known facilitator of maternal behaviors

2. Mechanisms of Mating:
a. Female proceptivity and receptivity: to establish clearer picture of

female choice in bonobos, I will examine the pattern of expression of
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these behavioral mechanisms and their relation to male directed
aggression

b. Sexual coercion: to more fully understand the degree to which rank
related asymmetry in male mating success reflects female choice vs.
constraint of choice, I will describe male directed aggression in the
context of mating and will examine the impact of sexual coercion on

the stress response of females

METHODS
Study Population

All data were collected on the captive group of bonobos housed at the Columbus
Zoo and Aquarium (CZA) in Columbus, Ohio, USA during five study periods: 2011
(June 23 — August 29 ), 2012 (May 20 — July 13), 2013 (April 14-June 16), 2014 (June 3-
July 10), and 2015 (August 27-September 14). Over the course of these five study
periods, CZA had a total of 11 females and 8 males, whose sex and age class distributions
changed over time (see Table 2.1, 3.2, and 4.1). The bonobos were housed in a complex
of areas consisting of two large indoor public viewing exhibits (54.8 m? each) with
multiple climbing structures, two off-exhibit indoor enclosures (22.6 m* each), two off-
exhibit outdoor enclosures (18.5 m” each) and a large naturalistic outdoor public viewing
exhibit (57.9 m x 45.7m, 2647.7 m?) with grass, mature trees, and an artificial stream and
waterfall. During the summer months of each study period, the bonobos were released

into the outdoor exhibit each morning at approximately 0730 hr and were brought back
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into the indoor enclosures at approximately 1900 hr. The bonobos were rarely brought
inside between these hours, except for extenuating circumstances (i.e. dangerous
inclement weather or an emergency). Each night the party that occupied the outdoor
exhibit was brought into one of the indoor enclosures and the outdoor exhibit remained
empty until the following morning. The bonobos were fed each morning and evening at
approximately 0730 and 1900 hr. Additional supplemental enrichment feedings were
sometimes given throughout the day.

The keepers at CZA managed the bonobos to simulate the species typical fission-
fusion process of variable party composition. In the morning, bonobos were allowed
access to each other and parties were set based mostly on individual bonobo association
preferences rather than parties that were predetermined by the keepers. Most individuals
had equal access to each other, but some of the adult males were never allowed to be
together because of previous conflicts that had resulted in serious injury (Jimmy and
Donnie and Bila-Isia and Donnie). This management process usually resulted in three
parties that lasted for 2—3 days. Parties rarely changed on a daily basis or continued

unchanged for m ore than 4 days. Each sub-group typically occupied different public

display areas.

Individual age classifications were assigned based on the descriptions of age-class
characteristics of bonobos detailed by Thompson-Handler et al. (1984). For example,
Thompson-Handler et al. (1984) described an infant as an individual that ‘keeps in
frequent proximity to mother; commonly rides ventrally but also may ride dorsally during

progression; nurses frequently;’ a juvenile as an individual ‘no more than half size of
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adult; generally independent but closely associate with mother and occasionally seen to
cling; development of secondary sexual characteristics slight;” an adolescent female as
‘smaller than adult animals, genital swellings small at all times observed;’ an adolescent
male as ‘smaller and more gracile than adult (approximately three-quarters size), scrotum
not fully pendant;’ an adult female as ‘feull size (slightly smaller than large males),
genital swellings developed;’ and an adult male as ‘full size, scrotum fully pendant’ (p.
349). Individuals were therefore categorized according to the following: 0-2 years =
infant; 3-7 years = juvenile; 8-9 years = adolescent I; 10-12 years = adolescent II; and
>13 years = adult. These age classes vary slightly from what was reported for a wild
population (Kano 1992) and reflect the accelerated development that can occur in
captivity where food resources are rich and abundant. Additionally, adolescents were
split into two developmental categories: 1) adolescent I, where individuals begin to
display the physiological characteristics associated with the transition of puberty such as
ano-genital swelling in females and expansion in testicle size in males, but where both
sexes are generally still non-fertile (Marson et al. 1991; Stumpf 2011); and 2) adolescent
II, where female ano-genital swellings are accompanied by menstruation and fertility, and
where males undergo a significant growth spurt, including testicles that become larger,
more pendulous, and are considered to be fully functioning. In the wild, females younger
than 10 years are generally assumed to exhibit adolescent sterility and are therefore
considered to be non-fertile (Marson et al. 1991; Stumpf 2011). In captivity, however,

observations show that females can reach menarche as early as 9 years and can give birth

20



during adolescence (Boose, unpublished data). Furthermore, adolescent males have been

observed copulating with ejaculation (Boose, unpublished data).

Behavioral Observations

Daily observations at CZA usually began around 0730 hours and ended sometime
between 1300 — 1700 hours and resulted in a total of 1819 observation hours of the
course of five study periods (2011, 2012, 2013, 2014, and 2015). All behavioral data
were collected by K. Boose using focal follows and all occurrence sampling of
predetermined behavioral events (e.g., agonistic interactions such as conflicts and

harassment of adults by immatures).

Hormonal Analyses

Urine collection and storage. Urine samples were collected in accordance with
CZA’s existing urine collection protocol using either a free catch method where
individual subjects urinated through the mesh caging directly into a collection cup, or,
where urine was pipetted directly off a clean floor surface immediately after a subject
urinated into a plastic cryo tube. All subjects were previously trained to urinate on
command (i.e., present genitals and urinate in exchange for a small food reward).
Samples were then immediately frozen and stored at -20°C until they were packed on dry
ice and shipped overnight to the Snodgrass Human Biology Research Laboratory at the
University of Oregon in Eugene, OR where they were stored at -80°C until time of

analyses.
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Measurement of cortisol. To avoid multiple freeze-thaw cycles, each sample was
first brought to room temperature and 0.5 ml was aliquoted into several cryo tubes.
Thawed samples were then diluted (1:20) in assay buffer supplied in the 96-well Detect X
Cortisol Enzyme Immunoassay Kit from Arbor Assays™ (catalog no. K003-HS) and
assayed according to the kit manufacturer’s instructions. The manufacturer of this kit
reported the detection limit for this assay as 45.4 pg/ml. To control for variation in the
amount and concentration of voided urine, all samples were assayed for creatinine
concentrations (Seltzer and Ziegler 2007) using the DetectX™ Creatinine Urinary
Detection Kit from Arbor Assays. The manufacturer listed the detection limit for this
assay as 0.037 mg/dL. Samples run for creatinine were diluted (1:20) and run according
to the kit manufacturer’s instructions. All plates were read using a BioTek ™ microplate
reader and analyzed with Gen5™ software version 2.0.

Measurement of oxytocin. To avoid multiple freeze-thaw cycles, each sample
was first brought to room temperature and 0.5 ml was aliquoted into several cryo tubes.
Thawed samples were then diluted (1:4) in assay buffer supplied in the 96-well Oxytocin
Enzyme Immunoassay Kit from Enzo Life Sciences™ (catalog no. 901-153A) and
assayed according to the kit manufacturer’s instructions. The manufacturer of this kit
reported the detection limit for this assay as 15.0 pg/ml. To control for variation in the
amount and concentration of voided urine, all samples were assayed for creatinine
concentrations (Seltzer and Ziegler 2007) using the DetectX™ Creatinine Urinary
Detection Kit from Arbor Assays. The manufacturer listed the detection limit for this

assay as 0.037 mg/dL. Samples run for creatinine were diluted (1:20) and run according
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to the kit manufacturer’s instructions. All plates were read using a BioTek ™ microplate

reader and analyzed with Gen5™ software version 2.0.

Data Analyses

Frequency data were compared using G Tests of Goodness of Fit with Williams
correction applied and G Tests of Independence. Rank order correlations were performed
using Pearson and Spearman rank order correlations (Sokal and Rohlf 2012). Two way
ANOVA’s and paired #-tests were used to compare variance between individuals and
groups. Dominance rank among adults was determined from the direction and outcome
(e.g., fleeing upon aggression) of a decided agonistic event and displacement matrix and
analyzed using R (version 3.3.1). Linearity in the dominance rank of adults was found to
be complete and significant (Landau’s # = 0.476, p <0.01) and adults were ordered into a
linear dominance hierarchy and assigned a unique rank number where 1 represents the

highest-ranking individual.

STATEMENT OF CONTRIBUTION

This dissertation includes previously published and unpublished material co-
authored by Frances White, Josh Snodgrass, and Audra Meinelt. Chapter 11, Harassment
of Adults by Immatures in Bonobos (Pan paniscus): testing the Exploratory Aggression
and Rank Improvement hypotheses, has been published in the journal Primates (Boose
and White 2017); Chapter III, Non-Maternal Infant Handling in Bonobos (Pan paniscus):

oxytocin and support for the Learning-to-Mother hypothesis, includes co-author
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contributions identified in the beginning of the chapter; and Chapter IV, Female Choice
in Bonobos (Pan paniscus): evidence of male constraint and coalitionary sexual coercion,

also includes co-author contributions as detailed in the beginning of the chapter.

BRIDGE TO CHAPTERS II, III, AND 1V

The purpose for this chapter was to provide a brief overview of the relevant
theoretical background of behavioral ecology and socioendocrinology that frame the
studies presented in the following chapters (II, III, IV) of this dissertation. The
behavioral mechanisms presented in this dissertation are rooted in the evolutionary
framework of the Socioecological Synthesis, particularly the way in which inter-
individual interactions, determined from phylogenetic and ecological history, shape
social and dominance structures in bonobos. Furthermore, hormones, such as oxytocin
and cortisol, modulate an individual’s response to the social environment and are a
valuable tool in the assessment of the relative importance and function of behavioral
mechanisms.

Chapter I also provided an overview of the study population, observational
methods, and hormonal and data analyses for this dissertation. As discussed here in this
chapter, all data were collected on the Columbus Zoo bonobo colony in Columbus, Ohio.
During the course of the study periods of this dissertation, the Columbus Zoo maintained
a large population of 11 female and 8 male bonobos, ranging in ages from 0-36 years,
using a fission-fusion style of management similar to what occurs naturally in the wild.

This husbandry style provided an opportunity to collect both naturalistic and detailed
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behavioral and hormonal data on a species that has been historically difficult to study in

detail in the wild.
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CHAPTER II
HARASSMENT OF ADULTS BY IMMATURES IN BONOBOS (PAN PANISCUS):
TESTING THE EXPLORATORY AGGRESSION AND

RANK IMPROVEMENT HYPOTHESES

This chapter includes previously published co-authored material. Reproduced with
permission from Boose, K.J. and White, F.J. Primates, 2017, (doi: 10.1007/s10329-017-

0616-9). Copyright 2017, Springer Japan.

INTRODUCTION

The infants, juveniles, and adolescents of many species of non-human primates
are known to exhibit a type of behavior where they routinely pester adult group members,
often provoking an aggressive response (e.g., baboons: Rowell, 1967; langurs: Dolhinow,
1972; java monkeys: de Waal, 1977; vervets: Bramblett, 1978; and chimpanzees: deWaal
and Hoekstra, 1980, Pusey 1990, Nishida et al. 1999). Observations of such behavior by
immatures range from mild aggression, such as throwing sand, dirt, and branches at
adults (de Waal and Hoeskstra 1980) to more aggressive contact, such as jumping onto
resting adults and biting, kicking, and pulling their hair (van Lawick-Goodall 1968)
and/or tails (Bramblett 1978). Although referred to in the literature with a variety of

terms, including ‘bothering,” ‘teasing,” ‘annoying,” ‘provocative,” ‘quasi-aggression,” and
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most recently as ‘harassment,’ the central feature of these behaviors is the potentially
harmful or unpleasant stimuli it provides to the recipient (Adang 1984).

The first accounts of what could be described as harassment of adults by
immatures in chimpanzees come from Hebb and Thompson’s (1954) early descriptions of
“anger” in a captive group and from van Lawick-Goodall’s (1968) studies of the wild
chimpanzees of Gombe, where young juveniles in both studies were observed
aggressively pestering resting and grooming adults. De Waal and Hoeskstra (1980)
remarked in their study of the contexts of aggression in chimpanzees, that juveniles and
infants would regularly tease adults, who would often respond with aggression. Although
such mentions of harassment behaviors were somewhat common, it was not until
Adang’s (1984, 1985) studies of the Arnhem group of chimpanzees that the ethology and
contextual parameters were formally described. Initially calling the behavior ‘quasi-
aggression,” because it had “elements in common with both play and aggression,” Adang
(1984, 1985) defined harassment by immatures as any type of aggressive bothering
behavior directed at adults irrespective of the response generated. Adang (1985) noted
that “individuals responded in many ways, including occasional punishment in the form
of retaliation.” He further differentiated harassment from other forms of immature
aggression by identifying the context as “spontaneous and ... that [which] does not occur
in close temporal association with conflict between any individuals in the group” (Adang
1984). Harassment by immatures, therefore, poses an interesting evolutionary question
because of the inherent risks associated with retaliation, particularly when an adult target

directs aggression toward smaller immature individuals.
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Addressing this question of adaptive significance, Adang (1984, 1985) explored
the mechanistic properties of harassment by investigating the type of behavior performed
by immatures and the response behavior of targets at Arnhem. He found that all
immatures harassed adults and directed their behaviors mostly at individuals outside of
their immediate subgroup, consisting of their mother and closely associated female(s) that
provided a degree of allo-maternal care (Adang 1984). Although all adults in the group
were targets, he observed that males were more likely to receive mild aggression such as
‘bluff-like’ behaviors while females more frequently received behaviors with physical
contact, such as hitting and kicking. Adang (1984) also found that certain responses to
harassment were reinforcing in nature where the amount of harassment a target received
was dependent on the type of response given. He observed that harassment would
continue for longer if the target responded in an agonistic way (either aggressively or
submissively) whereas friendly behaviors and ignoring the immature generally resulted in
the cessation of harassment. From these results, Adang (1984, 1985) hypothesized that
harassment is a form of social exploration used by immatures to learn about and refine
aggressive behaviors, and to acquire information about the relationship between the actor
and lesser-known individuals.

Currently referred to as the Exploratory Aggression hypothesis, Adang (1985)
proposed two functional forms of exploratory aggression: 1) investigating authority and
2) reducing uncertainty. Investigating authority functions mainly as a way for immatures
to acquire knowledge about the parameters of dominance by directing mild forms of

harassment behavior at high-ranking group members (i.e., male chimpanzees) and to
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explore the properties of physical contact aggression by directing these types of
harassment behaviors at lower-ranking group members (i.e., female chimpanzees)
(Adang 1985). The second functional form, reducing uncertainty, is expressed in a
manner similar to the way in which immatures learn about and explore the physical world
(Adang 1985). In reference to the observation by Seligman (1975) that animals attempt to
control their environment and to predict events before they happen, Adang (1985)
hypothesized that immatures use harassment to reduce existing uncertainty in
relationships by either controlling or predicting the response of targets. Both submissive
and aggressive reactions provide information about dominance relationships that
immatures can use to predict the behavior of targets. Eliciting submission may also
reflect an immatures ability to control the response of the target (Adang 1985). Ignoring
or making friendly contact with an immature, however, does not provide information
about dominance relationships and is, therefore, not implicitly reinforcing in the context
of harassment (Adang 1985). The Exploratory Aggression Hypothesis (1984, 1985) was
initially formulated to describe harassment of adults as a mechanism through which
infants and juveniles reduced relationship uncertainty, although Adang (1986) noted that
as individuals matured, these behaviors might be used as a means for adolescents to
exercise control (i.e., elicit submission) over adults as they begin to establish dominance.
Harassment of adults by immatures has also been documented in wild
chimpanzees at the Gombe (Pusey 1990) and Mahale (Nishida et al. 1999) field sites.
Contextualized as a threatening behavior, researchers at both sites recorded juvenile

males spontaneously aggressing adult females, mainly through display-type behaviors
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such as waiving branches and throwing stones, and noted that these behaviors increased
in frequency as the males matured into adolescence (Pusey 1990; Nishida et al. 1999). It
was not until a later study at Mahale, however, that the behavior was specifically
addressed between immature males and adult females (Nishida 2003). Referred to as the
Rank Improvement hypothesis by Nishida (2003), responses in this study were classed as
either ‘ignore’ or ‘not ignore,” and as either ‘retaliate’ (which included both aggressive
and submissive behaviors) or ‘not retaliate.” Nishida (2003) reported that duration of
harassment was longer when targets reacted to harassment than when they did not react.
Although adult female targets frequently ignored juvenile males, they mostly responded
with defensive and avoidance behaviors when harassed by adolescent males (Nishida
2003). In addition, immature males harassed more frequently than did females and
targeted adult females significantly more than adult males (Nishida 2003). Evidence of
adolescent male chimpanzees dominating females as a precursor to entering the male
dominance hierarchy is well known (Goodall 1986; Nishida 1990) and harassment at
Mabhale was, therefore, interpreted as a mechanism of rank improvement used primarily
by immature males as a means to outrank adult females (Nishida 2003).

Harassment of adults by immatures, to our knowledge, has only been investigated
in detail in chimpanzees (captivity: Adang 1984, 1985; wild: Nishida 2003). Despite
small differences in definitions and composition of study groups, there are general
consistencies between the Arnhem and Mahale studies in the pattern of responses to
harassment that can shed light on how harassment functions within a particular social

system. Results from both sites showed that immatures frequently harass adult group
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members and that continuation of harassment was dependent on the type of response
given by the target (Adang 1984, 1985; Nishida 2003). Additionally, females from both
sites were targeted more than males and responded more frequently with agonism
whereas males responded more with neutral behaviors (Adang 1985, Nishida 2003).
These results suggest that harassment in chimpanzees is influenced by the sex-based
dominance structure of the species, where the lower ranking sex (females) is targeted
more frequently and responds in a manner consistent with harassment as a challenge to
their dominance status. In order to examine the degree to which this pattern is dependent
on social system and to test the assumptions of the Exploratory Aggression and Rank
Improvement hypotheses, detailed observations of harassment in species with markedly
different social structures are needed.

The purpose of this study, therefore, is to describe the pattern of harassment of
adults by immatures in bonobos and to discuss the proposed functions of the two
competing hypotheses within the context of the bonobos’ unique social system. Instances
of adolescent males provoking adult males with harassment behaviors have been
observed in the wild population at Wamba (Furuichi 1997). Furuichi (1987) described
these exchanges as ‘play-like agonistic interactions’ (p. 862) and considered them to be
similar to the quasi-aggressive behaviors of chimpanzees reported by Adang (1985).
Harassment of adults by immatures, however, has not yet been studied in detail in this
species. Bonobos, like chimpanzees, are male philopatric and exhibit a multi-male multi-
female fission-fusion community structure (Nishida 1968; White 1988; Kano 1992).

There are, however, distinct differences between the two species, particularly in the types
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of social bonds displayed and complexity within the dominance hierarchy. Female
bonobos, unlike female chimpanzees, form strong bonds with both males and females
(White 1998; Hohmann et al. 1999) and can occupy the highest rank positions (Furuichi
1997, Stevens et al. 2007; Surbeck and Hohmann 2013; Goldstone et al. 2016). In
chimpanzee communities, sex plays a defining role in the group dominance hierarchy
where each male out-ranks each female (Goodall 1986; Nishida 1990). In bonobos, male
rank can be heavily influenced by factors other than sex, which can result in variable
dominance status (Kano 1992; Furuichi 1997; White and Wood 2007; Surbeck et al.
2011). We therefore expect that the patterning of harassment behavior in bonobos will

reflect these similarities and differences to chimpanzees.

Definition of Terms
The following definitions are based on those originally given by Adang (1984,
1985) and reported by Nishida (2003) to describe harassment and response behaviors:

* Immature harassment of adults: from here on referred to as harassment, is any
deliberate bothering or teasing type of aggression performed by immatures and
directed at adults, irrespective of the response of the target individual and without
any apparent cause or source of provocation. Although the term ‘harassment’ can
be used to describe other types of aggressive behaviors in various contexts, such
as ‘sexual harassment’ (e.g., Clutton-Brock and Parker 1995; van Schaik et al.
2004; bonobos: Hohmann and Fruth 2003), food ‘sharing under pressure’ (e.g.,

Stevens 2004), and harassment of immigrants (Pusey 1980, Watts 1992), the term
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‘harassment,” for the purpose of this paper, will refer exclusively to the above
definition. Following Adang’s (1984) description, harassment type behaviors
performed with a ‘play-face’ (or exhibiting any of the play behavior patterns
described by Palagi (2006, see Table 3)), those performed as a direct response
(within 2 minutes) of an aggressive initiative, or within 2 minutes of an agonistic
event, and those directed towards individuals engaged in copulation or socio-
sexual behavior were not scored as harassment.
1. Actor —the ‘harasser,” an immature performing harassment behaviors
directed at an adult
2. Target — an adult receiving harassment behaviors from an immature
Harassment behaviors were further categorized based on the qualitative features
originally described by Adang (1984):
1. Mild aggression
a. ‘bluff-like’: charging, dragging branches, swaying, stamping
ground, etc.
b. ‘swinging object’: manually wielding an object in the direction and
proximity (within 2 meters) of the target
c. ‘throwing object’: tossing an object (grass, dirt, wood-wool,
branches/leaves, etc.) at a target
2. Physical contact aggression: biting, hitting, kicking, pulling the hair, etc.

of a target.
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Responses to harassment:

1. Agonistic —responses that indicate either a submissive or aggressive

position by the responding target (Scott and Fredericson 1951; Hinde

1966).

a. Aggressive: counter-attack type responses such as chase, charge,

hit, bite, etc., performed with tense and brusque movements
indicative of aggression

Submissive: defensive type responses such as fleeing, screaming,
gesturing, baring-teeth, presenting rump, etc., indicative of
submission and performed without expressing any sign of

aggression

2. Neutral — responses that do not overtly indicate a submissive or aggressive

position by the responding target

a. Ignore: no apparent reaction to harassment or a small response

b.

C.

such as watching or facing away from harasser

Avoid: leave the proximity of the harasser or to crouch, parry, or
flinch without expressing aggression or submission

Affiliative: friendly contact with the harasser such as playing,
grooming, presenting for copulation or socio-sexual behavior such
as genito-genital rubbing (‘gg rubbing’) without expressing signs

of submission
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HYPOTHESES AND PREDICTIONS
As discussed above, there are two competing, but not mutually exclusive,
hypotheses on the function of harassment behavior. Each generates a slightly different set

of predictions.

Hypotheses
* The Exploratory Aggression hypothesis describes harassment as a mechanism
used by immatures to learn about the parameters of aggression and dominance
behavior (i.e., investigate authority) and to acquire information about novel,
complex, or unpredictable relationships (i.e., uncertainty reduction) (Adang 1984,
1985).
* The Rank Improvement hypothesis describes harassment as a mechanism of

dominance acquisition used by immatures to outrank adults (Nishida 2003).

Predictions

The Exploratory Aggression hypothesis (Adang 1984, 1985) predicts that:

1. All adults will be targets of harassment but immatures will less frequently
direct harassment toward his/her own mother, and toward adult females that
provide him/her allo-maternal care.

2. Type of harassment behavior performed by immatures will be dependent on

the dominance rank of the target where lower ranking adults will more
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frequently receive physical contact aggression and higher-ranking adults will
more frequently receive mild aggression.

Continuation of harassment will be dependent on type of response behavior
where both aggressive and submissive responses will elicit continuation of
harassment more frequently than will neutral responses because aggressive
and submissive responses present greater opportunity for immatures to learn
how to control (i.e., elicit submission) and/or predict (i.e., elicit aggression)

the behavior of targets, than do neutral responses.

The Rank Improvement hypothesis (Nishida 2003) predicts that:

1.

Immatures will not harass adults they already outrank. Frequency of
harassment, however, will be negatively correlated with the dominance rank
of adults because immatures use harassment to ascend the dominance
hierarchy.

Aggressive responses will elicit harassment more frequently from immatures
than will submissive responses because submissive responses indicate
submission from the target and aggressive responses indicate dominance or
incomplete submission from the target. Neutral responses will not elicit
harassment that differs from expected frequency values because neutral

responses do not indicate dominance or submission from the target.

3. We further predict that type of response to harassment will be dependent on:
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a. dominance rank of the target where lower-ranking targets will respond
more frequently with agonistic (aggressive and submissive) behaviors
and higher-ranking targets will respond more frequently with neutral
behaviors because lower-ranking targets are more likely to perceive
harassment as a threat to their rank status; and

b. the age-class of the immature where older (i.e., adolescent) individuals
will more frequently elicit agonistic (aggressive and submissive)
responses and younger (i.e., juvenile and infant) individuals will more
frequently elicit neutral responses because older immatures are more

likely to represent a threat to the target’s rank status.

Additional prediction:
As discussed above, female bonobos can hold positions of power within the
group (Furuichi 1997; Stevens et al. 2007; Surbeck and Hohmann 2013;
Goldstone et al. 2016). Performance of harassment by immatures may,
therefore, be biased toward immatures with high-ranking mothers and we
predict that frequency of harassment performed will be correlated with the

dominance rank of adult females with offspring in the group.
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METHODS
Subjects and Housing

All data were collected on the captive group of bonobos housed at the Columbus
Zoo and Aquarium (CZA) in Columbus, Ohio, USA during 2011 (June 23 — August 29)
and 2012 (May 20 — July 13). Daily observations usually began around 0730 hours and
ended sometime between 1300 — 1700 hours resulting in 909 observation hours. At the
time of the study, CZA had 8 females and 8 males that were housed in a complex of areas
consisting of two large indoor public viewing exhibits (54.8 m” each) with multiple
climbing structures, two off-exhibit indoor enclosures (22.6 m” each), two off-exhibit
outdoor enclosures (18.5 m” each) and a large naturalistic outdoor public viewing exhibit
(57.9 m x 45.7m, 2647.7 m?) with grass, mature trees, and an artificial stream and
waterfall. The keepers at CZA managed the bonobos to simulate the species typical
fission-fusion process of variable party composition. In the morning, bonobos were
allowed access to each other and parties were set based mostly on individual bonobo
association preferences. During this study period most individuals, with the exception of
two of the adult males (Jimmy and Donnie), had equal access to each other and all
immatures had abundant opportunity to interact with all adults. This management process
usually resulted in three parties that lasted for 2-3 days, and rarely changed on a daily

basis or exceeded 4 days.

38



Age Classifications

Individual age classifications were assigned based on the descriptions of age-class
characteristics of bonobos detailed by Thompson-Handler et al. (1984). For example,
Thompson-Handler et al. (1984) described an infant as an individual that ‘keeps in
frequent proximity to mother; commonly rides ventrally but also may ride dorsally during
progression; nurses frequently’ (p. 349). Individuals were therefore categorized according
to the following: 0-2 years = infant; 3-7 years = juvenile; 8-9 years = adolescent [; 10-12
years = adolescent II; and >13 years = adult. These age classes vary slightly from what
was reported for a wild population (Kano 1992) and reflect the accelerated development
that can occur in captivity where food resources are rich and abundant. Additionally,
adolescents were split into two developmental categories: 1) adolescent I, where
individuals begin to display the physiological characteristics associated with the
transition of puberty such as ano-genital swelling in females and expansion in testicle
size in males, but where both sexes are generally still non-fertile (Marson et al. 1991;
Stumpf 2011); and 2) adolescent 11, where female ano-genital swellings are accompanied
by menstruation and fertility, and where males undergo a significant growth spurt,
including testicles that become larger, more pendulous, and are considered to be fully
functioning. During the 2011 season there were 2 infants (1 male, 1 female), 3 juveniles
(1 male, 2 female), 2 adolescent I’s (1 male, 1 female), and 1 adolescent II (male). During
the 2012 season two individuals changed age class where 1 juvenile female became an
adolescent I and 1 adolescent I female became an adolescent II. For both the 2011 and

2012 seasons there were 4 adult males and 4 adult females (Table 1).
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Table 2.1. Group composition and age class assignments of the CZA bonobo colony
(2011-2012)

Age Classes

Subject Birth Year ~ Sex  Adult Rank 2011 2012
Unga 1993 F 1 Adult Adult
Ana Neema 1992 F 2 Adult Adult
Donnie 1993 M 3 Adult Adult
Susie® 1982° F 4 Adult Adult
Lady® 1982° F 5 Adult Adult
Jimmy® 1979° M 6 Adult Adult
Maiko 1984 M 7 Adult Adult
Toby” 1979° M 8 Adult Adult
Bila Isia 2001 M -- Adol 11 Adol 11
JoT 2002 F -- Adol I Adol 1I
Gander 2003 M -- Adol I Adol I
Lola 2004 F -- Juv Adol I
Gilda 2006 F -- Juv Juv
Jerry 2008 M -- Juv Juv
Mary Rose 2010 F -- Inf Inf
Wilbur 2010 M -- Inf Inf

Note: *Wild caught individuals; "estimated birth year.

Behavioral Observations

Data were collected using focal follows and all occurrence sampling of agonistic
and harassment events (Altman 1974). A bout of harassment was considered terminated
when the actor ceased performing harassment behaviors for 2 minutes. To examine the
interaction between response type and likelihood of receiving further harassment, bouts
were also scored as either ‘continued,” where the actor continued harassment after the
initial response of the target, or ‘discontinued,” where the actor ceased harassment
immediately after the initial response of the target. Initial response to harassment was

scored as the first type of behavior exhibited by the target in response to receiving
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harassment. If no response was recorded within 10 seconds of the onset of harassment

behavior, then ‘ignore’ was scored as the initial response (Adang 1984).

Data Analyses

Frequency analyses. Frequency data were compared using G Tests of Goodness
of Fit with Williams correction applied (Ggor) and G Tests of Independence (Gi) (Sokal
and Rohlf 2012). Expected frequencies (Ef.q) of harassment and response behaviors were
calculated by dividing the number of individuals in a given age and/or sex class observed
performing the behavior (N,) by the total number of individuals in a given age and/or sex

class (Ny) and multiplying this number (N/N;) by the total number of behaviors recorded

(B):

Efreq = (Nc/Nt) x B

Rank analyses. Pearson correlations were used to test rank effects and
correlations between recorded behaviors. Dominance rank among adults was determined
from the direction and outcome (e.g., fleeing upon aggression) of a decided agonistic
event and displacement matrix and analyzed using R (version 3.3.1). Linearity in the
dominance rank of adults was found to be complete and significant (Landau’s 4 = 0.476,
p <0.01). Individuals were, therefore, ordered into a linear dominance hierarchy and
assigned a unique rank number where 1 represents the highest-ranking individual and 8

represents the lowest-ranking individual (Table 2.1).
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All immatures had mothers in the group and some females had >1 immature
offspring. The amount of harassment behaviors performed was averaged across all of a
female’s immature offspring (for females with >1 immature offspring) in order to
investigate the relationship between harassment performed and dominance rank of the

actor’s mother. All other analyses were run using BIOMstat (version 3.30t).

RESULTS
General Pattern of Harassment in Bonobos

A total of 1140 agonistic events between all age-sex classes were recorded during
the 2011 and 2012 seasons and 489 of these events were between an immature and an
adult. 413 of these immature-adult agonistic events fulfilled the specific definition of
harassment, given by Adang (1984) and described in the introduction of this paper, and
were therefore classed as harassment by an immature toward an adult (Fig. 2.1). Of the
413 harassment events, 279 were categorized as ‘mild aggression” and 134 were
categorized as ‘physical contact aggression’ (Table 2.2). Harassment escalated into a

conflict between the actor and target in 14 of the 413 recorded events.
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Table 2.2. Distribution of type of harassment behavior received by sex of target

Target Sex

Type of Harassment Behavior Male Female
Mild Aggression

'bluff-like' 94 38

'swinging object' 72 13

‘throwing object’ 52 10

Total 218 61
Physical Contact Aggression

'bite’ 'hit' 'kick' 'pull hair' efc. 84 50
Total 302 111

160

O Total Aggression Received

B Harassment Received

120

80

407 I
0 _— . . i .

Unga Ana Neema Donnie Susie Lady Maiko Jimmy Toby

Fig. 2.1. Distribution of total aggression and harassment received by target
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Actors. All immature individuals (N=8) were observed performing harassment
behaviors and there was no significant correlation (» = 0.384, df = 3, p = 0.190) between
harassment performed and dominance rank of the mother. Therefore, assuming an equal
likelihood in performance, frequency of harassment did not show an expected distribution
between the age or sex classes. Adolescent I performed harassment significantly more
frequently than did adolescent II, juveniles, and infants (Ggor = 193.818, df =3, p <0.001;
Fig. 2.2, Table 2.3). We also found that males performed harassment significantly more

frequently than did females (Ggor = 67.226, df=1, p<0.001; Fig. 2.2).

Table 2.3. Harassment performed and type of response elicited by age-class of actor

Harassment Performed Response Type Elicited
Neutral Agonistic
Actor Age-Class observed expected submissive aggressive
AdolII N=2 37 82.6 12 11 14
Adoll N=3 252 1239 61 124 67
Juvenile N=3 99 123.9 58 16 25
Infant  N=2 25 82.6 16 2 7

Targets. All adults received harassment from immatures with the exception of the
alpha female (Unga). We could not fully test the prediction that immatures direct more
harassment toward individuals outside of a ‘sub-group’ (as defined by Adang (1984))

because all immatures had equal access to all the adults in the group and no adult females
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were observed engaged in allo-maternal care. However, immatures were never observed
directing harassment behaviors at their own mother. For 5 of the 8 adults in the group,
harassment constituted the majority (>50% of the total) of aggressive initiatives they
received (Fig. 2.1) and males were targets of harassment significantly more frequently

than were females (Ggor = 91.674, df = 1, p < 0.001; Fig. 2.2).

160 - Targets
O Adult Male
B Adult Female
120
80 -
40
O ,,I‘ri l D T ‘ ‘ I | ,,,,,
Adol Il Adol |l  Juvenile Infant Adol Il Adoll  Juvenile Infant
Female Female Female Female Male Male Male Male

Fig. 2.2. Distribution of harassment given and received by age-sex class
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Responses of Adults to Harassment

We found that the overall pattern of response to harassment did not follow an
expected frequency distribution based on equal likelihood in type of response behavior.
Agonistic responses occurred significantly more frequently than did neutral responses
(Ggor=34.737,df =1, p <0.001). The frequency of harassment received was
significantly positively correlated with both aggressive (» =0.771, df =6, p <0.01) and
submissive (» = 0.766, df = 6, p < 0.01) responses but there was no correlation with
neutral responses ( = 0.089, df = 6, p = 0.236). Continuation of harassment was found to
be dependent on type of initial response where both aggressive and submissive responses
were followed by continued harassment significantly more frequently than were neutral
responses (Gioi = 83.98, df =2, p <0.001; Fig. 2.3). The type of response elicited was
found to be dependent on the age class of the actor, where both adolescent I and II
elicited agonistic responses significantly more frequently than neutral responses and both
juveniles and infants received neutral responses significantly more frequently than

agonistic responses (G = 45.217, df =3, p < 0.001; Table 2.3).
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Fig. 2.3. Distribution of continuation of harassment received by type of response given

Rank Effects

We found that the total amount of harassment each target received was
significantly negatively correlated with target rank (» = 0.869, df = 6, p < 0.001; Fig. 2.4).
Furthermore, although no relationship was found between rank of the target and amount
of neutral responses given (= 0.020, df =6, p = 0.732), a significant negative
correlation was found between rank of the target and amount of agonistic responses (r =
0.868, df =6, p <0.001; Fig. 2.5). We also found that type of harassment behavior
received was dependent on the target’s rank where high-ranking individuals received
mild aggression significantly more frequently than physical contact aggression and
lower-ranking individuals received physical contact aggression significantly more
frequently than mild aggression (G = 71.03, df =7, p <0.001). The only immatures to

elicit submission from adults during a decided non-harassment agonistic event were the
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two individuals classed as Adolescent II (Bila-Isia and JoT). Both Bila-Isia and JoT,
however, continued to direct harassment behaviors at these lower-ranking adults (Maiko

and Toby; Susie, Maiko, and Toby respectively).
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Fig. 2.4. Harassment received by rank of target
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Fig. 2.5. Agonistic responses by rank of target
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DISCUSSION

The purpose of this study was to describe the pattern of harassment behavior in
bonobos in light of two competing hypotheses (Exploratory Aggression and Rank
Improvement) and to compare the results with those that have been reported for
chimpanzees, a closely related species with both broad similarities in social system and

key differences in dominance structure.

General Pattern of Harassment in Bonobos

Immature harassment of adults occurred frequently in this population of captive
bonobos. The morphology of the behavior was similar to what was reported by Adang
(1984) for chimpanzees, where individuals would aggressively pester an adult without
being provoked and outside of the immediate temporal association of a conflict. The
repertoire of harassment behaviors performed by immature bonobos was also similar to
what was reported for chimpanzees (Adang 1984; Nishida 2003), varying from mild (eg.
throwing leaves) to more physical (eg. kicking) types of aggression. Instances of
harassment constituted roughly a third (36%) of all agonistic events recorded during the
study period and represented the greater majority (84%) of those that occurred between
immatures and adults. These events rarely escalated into a conflict but were a noticeable
source of unrest within the group. Continued harassment of an individual responding

agonistically, for example, would sometimes result in the group collectively moving to a
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new location within the enclosure or the separation of individuals into more diffuse
spatial arrangements.

Adang (1984, 1985) reported that both male and female immature chimpanzees
engaged in harassment behaviors in roughly equal frequency. Nishida (2003), however,
observed that harassment was almost exclusively performed by immature male
chimpanzees at Mahale and argued that harassment functioned primarily as a mechanism
for immature males to gain dominance over adult females. More broadly, sex differences
in the social interactions of immatures with adults (including aggressive interactions) has
been documented in wild chimpanzees where male immatures interact more with adults
than do female immatures and is in accordance with the documented sex differences in
the social interactions of adults (Lonsdorf et al. 2014). We also found that while both the
male and female immatures of our study population of bonobos harassed adults,
immature males performed the behavior significantly more than did immature females.
This result does, however, not agree with the observed interaction pattern of adult
bonobos where adult females are known to interact frequently with both other adult
females and adult males (White 1998; Hohmann et al. 1999). More detailed studies
pooling all types of social interactions between immatures and adults and longitudinal
studies following multiple immatures are needed in bonobos to fully understand this
observation.

As discussed above, adult female bonobos can hold high rank positions (Furuichi
1997; Stevens et al. 2007; Surbeck and Hohmann 2013; Goldstone et al. 2016; this study)

and it may be reasonable to expect that the offspring of high-ranking females would
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perform harassment significantly more than the offspring of low-ranking females because
the threat of retaliation from the target is mitigated by the potential dominance asserted
by their mother over the target. A somewhat similar effect is seen in species where
female rank is inherited and matrilineal rank order is maintained through kin-based
alliances (Chapais 1992; Chapais and Gauthier 2002) and there is evidence that the rank
status of mothers can impact the relative rank status of their sons in bonobos (Surbeck et
al. 2010). Surprisingly, we found that all immatures in this population frequently
harassed adult group members, irrespective of their mother’s rank, an effect that may be
the result of the high levels of social tolerance that have been reported for bonobos (Hare
et al. 2007; Hare and Kwetuenda 2010), although these findings on social tolerance have

recently come into question (Bullinger et al. 2013; Cronin et al. 2015).

Support for the Exploratory Aggression Hypothesis

We found significant support for the Exploratory Aggression hypothesis (Adang
1984, 1985), which makes predictions about the generalized function of harassment
behavior as a means of social exploration. At Arnhem, Adang (1984) found that
immatures directed harassment primarily at group members other than their own mother
and the adult females that provided some allo-maternal care, individuals with whom they
presumably had fewer opportunities to engage socially. Adult female chimpanzees at
some field sites form close spatio-temporal associations (Wakefield 2013) but there is
only limited evidence that they engage in allo-maternal care (Nishida 1983; The Jane

Goodall Institute 2010; Kishimoto et al. 2014). Harassment, however, may still function
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as a way for immatures to reduce uncertainty when forming social connections outside of
those associated with their mothers. Although the immature bonobos in our study
population were never observed harassing their own mother, we were unable to test
whether or not bonobos exhibit a pattern similar to chimpanzees (Adang 1984) because
no adult females engaged in allo-maternal care during the study period. However, female
bonobos are known to form strong and lasting social connections and actively maintain
close spatio-temporal association in the wild (White 1996, 1998). Studies on adult female
association patterns, allo-care, and harassment by immatures are needed in to better
examine this component of the proposed function.

The Exploratory Aggression hypothesis also makes predictions about the
mechanistic properties of harassment and stipulates that the behavior will be most
frequent when targets react in a way that reduces uncertainty by providing information
about aggression and relationships between individuals (Adang 1985). We found that
harassment would continue more frequently if the target reacted with an agonistic
behavior than if they responded neutrally. These results support the hypothesis that
agonistic responses are reinforcing in nature and are a mechanism through which
immatures learn about the cause and effect of different agonistic behaviors and their
relationship to the target (Adang 1984, 1985). Furthermore, when agonistic responses
were separated into aggressive and submissive categories, both behaviors were correlated
with frequency of harassment. This result is important because it demonstrates that
immatures use harassment to explore both sides of agonistic behavior and not strictly as a

tool of dominance or way to elicit submission from a target.
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Adang (1985) also observed that the immature chimpanzees of Arnhem explored
the differential effects of aggression across the dominance hierarchy by directing mild
forms of harassment behavior at high-ranking individuals and more physical contact
aggressive behaviors at low ranking individuals. He concluded that this behavioral
pattern is less related to reducing uncertainty and is instead a reflection of immatures
investigating the authority of high-ranking individuals and learning about the constituents
of dominance as a behavior (Adang 1985). We found a similar pattern of behavior in this
group of bonobos, where high-ranking targets more frequently received more mild
aggression and low-ranking received more physical contact harassment behaviors.
Moreover, high-ranking individuals across species generally exhibit a high degree of
social power (Lewis 2002) that can be used to insert force into inter-individual
interactions (Flack and de Waal 2004). For example, although the highest-ranking
individual in this group of bonobos (Unga) was never observed to be harassed, when
provoked by group members in other contexts, her response behaviors were often highly
aggressive and frequently resulted in the wounding of the potential aggressor, including
immatures (Boose, unpublished data). Directing mild forms of harassment behavior
towards high-ranking individuals is a way for immatures to reduce the potential risk of

retaliation by exploring authority and the parameters of dominance from a distance.

Support for the Rank Improvement Hypothesis
We found mixed support for the Rank Improvement hypothesis (Nishida 2003),

which makes predictions based on harassment as a mechanism of rank acquisition in
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immatures. At Mahale, Nishida (2003) found that harassment was primarily performed
by immature males and was directed almost exclusively at adult females. Although he
was unable to document this transition of power during his study period, he predicted that
immatures would not harass adults once dominance over them had been established
(Nishida 2003). During the course of our study period, two adolescent bonobos (Bila-Isia
and JoT) began to ascend the adult dominance hierarchy, measured as an ability to elicit
submission from adults outside of the context of harassment. Both Bila-Isia and JoT
received submission signals from the two lowest-ranking adults, Maiko and Toby. JoT
also received submission from Susie, a mid-ranking adult female in the group, but was
never observed receiving submission from Jimmy or Lady, the two individuals ranking
directly below Susie. However, because Lady is the mother of JoT it is likely that there
was no opportunity to observe dominance interactions between the two. Maiko, Toby,
and Susie continued to be able to elicit submissive responses from Bila-Isia and JoT and
dominance between these adolescents and adults was, therefore, considered to be
incomplete. Furthermore, both Bila-Isia and JoT were observed continuing to harass
Maiko, Toby, and Susie after they successfully received submission signals from them.
Although we were not able to confirm the assumption that immatures will not
harass adults they already out-rank, we found some support for the hypothesis that
harassment functions to facilitate rank acquisition. In our study population, harassment
received was negatively associated with the dominance rank of targets and low-ranking
targets were more likely to respond with agonistic behaviors. These results suggest that

immatures are using harassment to ascend the dominance hierarchy and indicate that low-
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ranking individuals perceived harassment as a challenge to their rank status. In addition,
adolescents were more likely to elicit agonistic responses from targets and infants and
juveniles were more likely to receive neutral behaviors in response to harassment
indicating that targets viewed harassment differently based on the age-class of the actor
and their potential ability to establish dominance over them.

The Rank Improvement hypothesis also predicts that responding to harassment
with aggression will lead to the continuation of harassment whereas submissive responses
will result in the cessation of harassment because submission indicates dominance over
the target. We did not find support for this prediction. As stated above, we found that
both aggressive and submissive responses were followed by continued harassment
behavior from the immature. Although it is possible and likely that immatures are using
harassment to acquire rank, these results more closely support the assumption generated
by the Exploratory Aggression hypothesis that a primary function of harassment is to
reduce uncertainty by affording immatures the opportunity to both control (i.e., elicit

submission) and predict (i.e., elicit aggression) agonistic interactions.

Further Considerations

While there are broad consistencies presented in this paper, the patterning of
harassment behaviors should also be expected to reflect a species’ dominance and social
structures. For example, female chimpanzees rank lower than males and are targets of
harassment more frequently than are males (Adang 1984, 1985; Nishida 2003).

Accordingly, the patterning of harassment and response behaviors should be different in
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bonobos in groups where females hold higher rank positions than males and/or where
males occupy the lowest rank positions, as was the case in this study. We found that adult
male bonobos were targeted more frequently than were adult females and reacted more
agonistically to being harassed than did females, suggesting that male bonobos, like
female chimpanzees, viewed harassment as a challenge to their rank status. These results
are consistent with the different dominance structures of bonobos and chimpanzees and
support the proposed function of harassment as a tool of rank acquisition.

The results presented in this paper, however, show that targets may not perceive
harassment solely as a rank challenge and that harassment may not function the same
during the course of development. The infant and juvenile bonobos of our study group
received mostly neutral responses to harassment whereas the adolescents received mostly
agonistic responses. In addition, the observation that the alpha female, Unga, never
received harassment demonstrates that immatures have some ability to assess the
potential risk of different targets. Gathering information about and practicing aggression
as an immature is important for later rank acquisition endeavors and to successfully
function within a group. For example, in some species where rank is inherited, younger
individuals use agonistic experiences with their peers to learn the fundamentals properties
of rank acquisition as an adult (Holekamp and Smale 1991, Chapais and Gauthier 2002)
as well as how to use allies to establish and stabilize the dominance hierarchy (Chapais
1988). Adang (1986) hypothesized that younger immatures may use harassment primarily
as a mechanism to explore aggression whereas adolescents, who are engaged more in the

testing and exploration of dominance, are using harassment primarily as a means to
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establish rank. Further studies tracking the development of immatures as they transition
into the adult dominance hierarchy are needed to accurately test the prediction that the
function of harassment changes as immatures age.

It is also worth noting here that, for five of the eight adults in this bonobo group,
harassment constituted the majority (>50%) of aggression received during the study
period. These five individuals were often observed responding in a manner consistent
with the induction of a stress response (e.g., fleeing, screaming, fear grimacing).
Although harassment of adults by immatures is a natural component of bonobo
development, the effects of harassment are an important consideration for the
management of stress in captive animals where it can be difficult for individuals to avoid

each other or to remove themselves from the social situation.

Conclusion

In conclusion, harassment is a distinct type of agonistic behavior that functions
both as a mechanism of exploratory aggression and in a manner that facilitates rank
acquisition. Our results on harassment behavior in bonobos provide support for several of
the predictions generated by the Exploratory Aggression hypothesis and offer mixed
support for the predictions generated by the Rank Improvement hypothesis. The results
presented here also demonstrate that there are general patterns and broad similarities to
harassment of adults by immatures between bonobos and chimpanzees, and emphasizes
the need to examine this behavior separately from other types of immature-adult

interactions in all species. At the same time, the comparison of bonobo harassment
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behaviors with those seen in chimpanzees shows that there are distinct patterns in choice
of targets and the adults’ responses that reflect differences that are consistent with each
species’ social structure. Harassment is, therefore, an important part of the complex
behavioral repertoire that immatures practice in order to become fully functioning and

integrated members of their social group.

BRIDGE TO CHAPTER III

The objective of Chapter II was to examine the patterning of harassment behavior
in bonobos and to test predictions generated by the Exploratory Aggression and Rank
Improvement hypotheses. The results presented in this chapter demonstrated that
harassment behavior functions as a mechanism through which immatures learn about
aggression and the nature of dominance interactions. While Chapter II provides important
insights into the often-overlooked sociality of immatures, particularly within agonistic-
type interactions, the purpose of Chapter III is to examine a previously unstudied type of
affiliative interaction known as infant handling. The study presented in Chapter I1I will
detail the patterning of expression of infant handling in bonobos and will test the
predictions generated by six functional hypotheses in order to better understand the

contribution of infant sociality to the social and dominance structures in bonobos.
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CHAPTER III
NON-MATERNAL INFANT HANDLING IN BONOBOS (PAN PANISCUS):
OXYTOCIN AND SUPPORT FOR THE LEARNING-TO-MOTHER

HYPOTHESIS

This chapter includes previously unpublished co-authored material, facilitated by
a number of people, including Frances White, Josh Snodgrass, and Audra Meinelt. The
author, Klaree Boose, was the principle investigator for this work, responsible for the
study design, behavioral data collection, hormonal analyses, statistical analyses, and
manuscript preparation. Frances White is the academic adviser for this dissertation and
contributed to this work by participating in the development of study design and
statistical analyses. Josh Snodgrass is the principle investigator of Global Health
Biomarker Lab at the University of Oregon and was instrumental in providing laboratory
space and equipment for the hormonal analyses conducted for this study. Audra Meinelt
is an assistant curator at the Columbus Zoo and provided institutional support for data

collection, storage, and shipment of samples.

INTRODUCTION

Group members in many species of primate exhibit a marked interest in infants,
particularly newborn individuals (Small 1990; Silk 1999). This phenomenon is known as
‘natal attraction,” and occurs when conspecifics approach, examine, touch, and smell the

infants (Hrdy 2009). It has been hypothesized that this attraction is primarily a response
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to the infant being a novel object in the environment, where the sudden appearance of a
new individual sparks an intense curiosity among group members (Small 1990; Silk
1999). Although care-giving is not always coupled with natal attraction, many species
also exhibit allocare behaviors, where non-maternal individuals assist in the feeding,
carrying, protecting, and indirect provisioning of immatures. This phenomenon is
especially prevalent in birds and mammals (Emlen 1991; Gittleman 1985; Reidman
1982). While allocare behaviors represent examples of cooperative breeding or reciprocal
altruism (Emlen 1991) in many species, the fitness benefit is not always apparent in
others. Several different terms, therefore, have been used to describe these behaviors such
as ‘communual care,” ‘allomaternal care,” ‘allomothering,” ‘babysitting,” and
‘kidnapping.” While some of these terms imply specific functions, others are more vague
and authors have most recently favored the term ‘infant handling’ (Wasser and Barash
1981; Paul and Kuester 1996; Maestripieri 1994). The term ‘infant handling’ is,
therefore, used to describe all interactions between infants and non-maternal group
members, including both aggressive and affiliative behaviors.

Infant handling occurs across a wide array of mammalian taxa (Hrdy 1976;
Riedman 1982; Gittleman 1985; Kohda 1985; Lee, 1987; Emlen et al. 1991; Packer et al.
1992; Stanford 1992; Forster and Cords, 2005; Dugdale et al. 2010) and the patterning
and frequency of expression of handling behaviors varies considerably across primate
species (Isler and van Schaik 2012; Tecot and Baden 2015). For example, non-maternal
carrying, grooming, and cradling are common behaviors, whereas non-maternal nursing

and adoption of infants occurs much less frequently (Jay 1962; Poirier 1968; Ren et al.
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2012). Marmosets and tamarins perform considerable amounts of non-maternal infant
handling in the form of carrying, feeding, and protection (Goldizen 1987; Tardif et al.
1992; Porter and Garber 2009) and Hanuman langur (Hrdy 1977; McKenna 1981),
capped langur (Stanford 1992), and squirrel monkey (Baldwin 1969) infants spend nearly
equal amounts of time with non-mothers as they do their own mother during the first
months after birth. In some species, such as langurs, infants are handled by group
members while they are only hours old (Hrdy 1976; McKenna 1979; Dolhinow and
Murphy 1982; Vogel 1984; Sommer 1989; Stanford 1991, 1992) whereas savanna
baboon, rhesus macaque, and Japanese macaque infants spend less than 5% of their time
with non-mothers (Nicolson 1987). In addition, not all infant handling behaviors can be
categorized as affiliative. In several species of primates, aggressive interactions such as
physical abuse and kidnapping have been observed (Quiatt 1979; Silk 1980; Wasser and
Barash, 1981 Clarke et al. 1998).

Many factors contribute to this variability of expression of infant handling both
within and between species, including the type and availability of social partners, infant
age (Hrdy 1976, 2009; Brent et al. 2008; Silk 1999; Silk et al. 2003; MacKinnon 2011)
and sex (Forster and Cords 2005), the dominance rank of the mother and handler
(O’Brien and Robinson 1991, Silk 1999; Fruteau et al. 2011; Altmann 1980; Henzi and
Barrett 2002), levels of agonism, relatedness between the handler, the infant, and the
infant’s mother (Hamilton 1964; O’Brien and Robinson 1991; Kapsalis 2004; Silk et al.
2003a,b), as well as the handler’s age and parity (Nicolson 1987; Silk 1999; Eberle and

Kappeler 2006; see Badescu et al. 2015 for review). Furthermore, although individuals in
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most primate species demonstrate a strong proclivity to handle infants, most non-
maternal handlers do not delay their own reproduction (Hrdy 1976; McKenna 1987,
Nicolson 1987; Maestripieri 1994; exception: callitrichids, see Goldizen and Terborgh
1989; Feistner and Price 1991). Numerous hypotheses, therefore, have been put forth to
account for the heterogeneity observed both within and between species and to explain
the adaptive value of infant handling in primates (see Maestripierei 1994 for review;
Mitani and Watts 1997; Solomon and French 1997; Ross and MacLarnon 2000; Isler and

van Schaik 2012).

Functional Hypotheses

Researchers have noted that the functional hypotheses on infant handling are
often divided along two theoretically different lines (Hsu et al. 2015): 1) those where
paternal care and cooperative breeding are obligate (e.g., callitrichids and pair bonded
species: [Goldizen 1987; Solomon and French 1997; Quinlan and Quinlan 2008;
Fernandez-Duque et al. 2009]) and 2) those where non-maternal care is not considered
essential for infant survival (see Maestripieri 1994). Although these differing theoretical
lines are not mutually exclusive, they are often considered separately in investigations on
the function of infant handling in a species (Hsu et al. 2015) and this paper will focus on
the latter framework by testing the following hypotheses.

The Kin Selection hypothesis suggests that infant handling increases the inclusive
fitness of the handler, by aiding the survival of a related infant, shortening the inter-birth

intervals (IBI’s) of related females by reducing weaning times, and/or reducing the
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burden of infant care and thus providing mothers with more time to feed and groom
(Hamilton 1964; Hrdy 2009). The Reproductive Competition hypothesis describes infant
handling as a behavior through which females reduce the reproductive success of other
females through excessive handling and potentially harmful aggressive handling
behaviors (Hrdy 1976; Silk 1980; Wasser and Barash 1981; Wasser 1983; Gittleman
1985; Maestripieri 1994). Conversely, the By-Product hypothesis does not ascribe any
adaptive value to infant handling and describes the behavior as a consequence of
prosociality and selection for high responsiveness to infants (Quiatt 1979; Scollay and
DeBold 1980).

Hypotheses generated from the Biological Market paradigm describe infant
handling as a form of reciprocal altruism not dependant on relatedness (Noe and
Hammerstein 1994, 1995), where individuals exchange handling behaviors for any social
commodity such as grooming (Muroyama 1994; Henzi and Barrett 2002; Barrett and
Henzi 2006; Ginther and Snowdon 2009; Tiddi et al. 2010; Fruteau et al. 2011) or
potential future mating opportunities (Busse and Hamilton 1981; Lemasson et al. 2008;
Huchard et al. 2010). Within this paradigm two functional hypotheses have been
described: 1) the Reciprocity hypothesis suggests that handling behaviors are
reciprocated between mothers, where the handler provides care-giving behaviors to a
female who in turn provides care-giving behaviors to the handler some time in the future
(Hrdy 1976; Stanford 1992); and 2) the Alliance Formation hypothesis suggests that
handling behaviors strengthen the social bonds between the handlers and mothers’ of

infants and that individuals will perform handling behaviors in exchange for coalitionary

63



support during conflicts at some time in the future (de Waal 1990; Manson 1999;
Maestripieri 1994).

The Learning-to-Mother hypothesis suggests that infant handling is a selfish
behavior that evolved to enhance the parenting skills of handlers by providing
information on how to appropriately care for an infant (Lancaster 1971; Hrdy 1976;
Riedman 1982; Fairbanks 1990; Meaney et al. 1990). There is considerable support for
this hypothesis in species across numerous taxa, (scrub-jays: Woolfenden and Fitzpatrick
1984; pinnipeds: Riedman 1982; gerbils: Salo and French 1989; tamarins: Tardif et al.
1984; and vervets: Fairbanks 1990), where females often demonstrate the highest rates of
infant handling (Clark 1978; Caine and Mitchell 1980; Hiraiwa 1981; Nicolson 1982,
1987; Small 1982; Paul and Kuester 1996). However, despite numerous studies
connecting the hormone oxytocin to maternal behavior in mammals (see Pedersen 1997,
Strathearn 2011; Feldman 2012; Kim et al. 2014), the relationship between oxytocin and

infant handling as a mechanism of learning-to-mother is not known.

Oxytocin and Maternal Behavior

Oxytocin (OT), along with other neuropeptide hormones, functions as a
modulator of complex social behavior and social cognition in mammals (Lim et al. 2006).
Produced by the hypothalamus and stored and secreted by the pituitary gland, OT acts
primarily as a neuromodulator in the brain where, once released, is not immediately
reabsorbed or broken down into a metabolite and diffuses into the cerebrospinal fluid

where it influences neurons in several areas of the brain. OT has long been recognized for
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its functions in several aspects of reproduction including parturition, lactation, and
mating (Fuchs et al. 1982; Caldwell et al. 1986; Smith 1989; Witt and Insel 1991) and has
also been associated with the regulation of social behaviors (see Benarroch 2013;
Feldman 2012; Meyer-Lindenberg et al. 2011 for review) such as anxiety and affiliation
(Insel 1992; Insel and Winslow 1991; Witt et al. 1992), interpersonal trust (Van
IJzendoorn and Bakermans-Kranenburg 2012), recognition of emotions and empathy
(Rodrigues et al. 2009; Hurlemann et al. 2010; Lischke et al. 2012; Perry et al 2013), pair
bonding in monogamous species (Insel 1992; Insel and Hulihan 1995; Ross et al. 2009;
Snowden et al. 2010; Schneiderman et al. 2012), and social bonding and food sharing in
chimpanzees (Crockford et al. 2013; Wittig et al. 2014).

More recently, research has begun to focus on the role of OT as a key
neuromodulator of caregiving, responsible for the facilitation and maintenance of
maternal behaviors (Pedersen 1997; Strathearn 2011; Feldman 2012; Pedersen 2013; Kim
et al. 2014) and studies on animal models have significantly advanced our understanding
of the neuroendorine pathways of OT mediated maternal behaviors. For example,
injection of OT stimulates the onset of species-specific maternal behaviors in rats
(Pedersen and Prange 1979). In mice, variations in lactation-induced OT levels have been
found to correspond to variations in maternal behaviors (Francis et al. 2000) and
administration of OT has been found to suppress rates of infanticide and simultaneously
increase care-giving behaviors (McCarthy et al. 1986; McCarthy 1990). In female sheep
(ewes) central injection of OT has been found to rapidly stimulate species typical

maternal responses (Kendrick et al. 1987), while the administration of peridural
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anesthesia, which blocks the normal rise in cerebrospinal fluid (CSF) concentrations of
OT, was found to inhibit onset of maternal behaviors (Levy et al. 1992). In rhesus
macaques, researchers have found that variations in maternal behaviors, such as time
spent grooming and nursing, are associated with variations in circulating OT
(Maestripieri et al. 2009). OT has also been implicated in the modulation of maternal
behaviors in humans, particularly during pregnancy and the postpartum period. For
example, peripheral OT levels rise and remain high in pregnant and parturient women
(Feldman et al. 2007; Levine et al. 2007; Gordon et al. 2008, 2010) relative to non-
pregnant women (Feldman et al. 2007; Gordon et al. 2008). Researchers have also found
that OT levels during pregnancy are predictive of maternal behaviors such as infant gaze,
vocalizations, positive affect, and affectionate touch during the postpartum period
(Feldman et al. 2007) and mothers who exhibit a pattern of rising OT during pregnancy
and the early postpartum period self-reported stronger attachment to offspring (Levine et
al. 2007). In addition, higher OT levels have found to be associated with greater infant
affect synchrony and social engagement (Feldman et al. 2010). The results of these
studies indicate that OT may function in a state vs. trait manner, ready to influence the
onset and facilitation of maternal behaviors when the context of providing care-giving

behaviors to infants arises.

Objective
Although male-immature interactions have been studied in gorillas (Rosenbaum

et al. 2011; Rosenbaum et al. 2015) and cases of adoption of orphans have been reported
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in some species of (Palthe and van Hooff 1975; Blersch and Schmidt 1992; Boesch et al.
2010; Hobaiter et al. 2014), little is known about the social and demographic factors that
affect the expression or absence of infant handling in great apes. Infant handling, to our
knowledge, has not yet been studied in bonobos and the purpose of this paper, therefore,
is to describe the basic pattern of occurrence of infant handling in bonobos and to test the
predictions generated by the proposed functional hypotheses, including examining the
relationship between oxytocin and handling behaviors.

Bonobos are a male-philopatric species that exhibit a multi-male multi-female
fission-fusion community structure (Nishida 1968; White 1988; Kano 1992) where
females generally disperse during adolescence (Kano 1992; Gerloff et al. 1999; Eriksson
et al. 2006; Stumpf 2011) and reach the age of first parturition around 13-15 years
(Stumpf 2011). Female bonobos can occupy the highest rank positions within the group
(Furuichi 1997, Stevens et al. 2007; Surbeck and Hohmann 2013; Goldstone et al. 2016)
and are known to form female-female coalitions (White and Wood 2007; Tokuyama and
Furuichi 2016) and strong bonds with both males and females (White 1998; Hohmann et
al. 1999). We therefore expect that the patterning of infant handling behaviors will reflect

these species-typical social and dominance structures.

Predictions
As discussed above, there are several distinct but not mutually exclusive
hypotheses on the function of infant handling that have been reviewed and tested in many

primate species. Each generates a different set of predictions (Table 3.1).
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The Kin Selection hypothesis assumes that infant handling behaviors provide a
net positive fitness benefit and therefore predicts that:
a. positive handling behaviors will be occur significantly more frequently
than negative behaviors
b. individuals will handle related infants significantly more frequently than

unrelated infants

The Reproductive Competition hypothesis assumes that infant handling
negatively impacts infant survival and predicts that:
a. negative handling behaviors will be occur significantly more frequently
than positive behaviors
b. individuals will direct handling behaviors towards unrelated infants
significantly more frequently than related infants
c. females will handle infants significantly more frequently than males;
d. adult females will handle significantly more frequently than adolescent or
juvenile females
e. because lower ranking individuals have less social power than higher
ranking individuals, infants of lower-ranking females will be handled

significantly more frequently than higher-ranking female
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3. The By-Product hypothesis assumes that natural selection will favor
responsiveness to infants, particularly among females, and predicts that:
a. females will handle significantly more frequently than males
b. handling frequency will not differ significantly between parous females
without infants and nulliparous females
c. positive handling behaviors will be occur significantly more frequently

than negative behaviors

The Biological Market model assumes that infant handling is a social commodity
and predicts that handling behaviors will be performed in exchange for any social
commodity. Within this paradigm, two hypotheses have been defined:
a. The Reciprocity hypothesis predicts that
1. positive handling behaviors will be occur significantly more
frequently than negative behaviors
ii. parous females will perform handling behaviors significantly more
frequently than other age-sex categories and will exchange the
service of handling each other’s infants
iil.
b. The Alliance Formation hypothesis predicts that
1. the infants of higher-ranking females will be handled significantly

more frequently than lower-ranking females
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ii. handling behaviors will be positively correlated with agonistic
support from mothers not related to the handler during conflicts

involving the handler

The Learning-to-Mother hypothesis assumes that infant handling evolved as a
mechanism through which nulliparous females learn about species appropriate
maternal behavior and predicts that:
a. immature and nulliparous females will perform handling behaviors
significantly more frequently than other age-sex categories
b. positive handling behaviors will be occur significantly more frequently

than negative behaviors

We further predict that if infant handling functions as a mechanism to learn
maternal behavior and if OT functions as a facilitator of maternal behavior, then
handling behaviors will:
c. be positively correlated with OT in immature and nulliparous females
d. not be correlated with OT in parous females because it is more likely OT
would be correlated with interactions with their own infants
e. not be correlated with OT in males because, although it is possible that OT
facilitates infant handling as a type of social interaction in males, OT in

males should not be correlated with infant handling alone
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METHODS

Subjects and Housing

All data were collected on the captive group of bonobos housed at the Columbus
Zoo and Aquarium (CZA) in Columbus, Ohio, USA during the summer months of 2011
(June 23 — August 29), 2012 (May 20 — July 13), 2013 (April 14-June 16), 2014 (June 3-
July 10), and 2015 (August 27-September 14). Daily observations usually began around
0730 hours and ended between 1300 — 1700 hours resulting in 1819 observation hours.
Over the course of the study, CZA had 11 females and 8 males that were housed in a
complex of areas consisting of two large indoor public viewing exhibits (54.8 m” each)
with multiple climbing structures, two off-exhibit indoor enclosures (22.6 m” each), two
off-exhibit outdoor enclosures (18.5 m? each) and a large naturalistic outdoor public
viewing exhibit (57.9 m x 45.7m, 2647.7 m”) with grass, mature trees, and an artificial
stream and waterfall. The keepers at CZA managed the bonobos to simulate the species
typical fission-fusion process of variable party composition where the bonobos were
allowed access to each other each morning and parties were set based mostly on
individual bonobo association preferences. This management process usually resulted in
three parties that lasted for 2-3 days, rarely changed on a daily basis or exceeded 4 days,
and where all immatures had abundant opportunity to interact with all individuals (see

Boose et al. 2013 for description).
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Age Classifications

The individuals of this study where classified according to the detailed
descriptions of age-class characteristics of bonobos given by Thompson-Handler et al.
(1984). For example, Thompson-Handler et al. (1984) described an infant as an
individual that ‘keeps in frequent proximity to mother; commonly rides ventrally but also
may ride dorsally during progression; nurses frequently’ and a juvenile as an individual
‘no more than half [the] size of [an] adult; generally independent but closely associated
with [the] mother and occasionally seen to cling; [with] secondary sexual characteristics
slight’ (p. 349). Individuals were therefore categorized according to the following: infant
= (-2 years; juvenile = 3-7 years; adolescent I = 8-9 years; adolescent II = 10-12 years;
and adult > 13 years. These age classes vary slightly from what was reported for a wild
population of bonobos (Kano 1992) and reflect the accelerated development that can
occur in captivity. Additionally, adolescents were split into two developmental
categories: 1) adolescent II, where female ano-genital swellings are accompanied by
menstruation and fertility, and where males undergo a significant growth spurt, including
testicles that become larger, more pendulous, and are considered to be fully functioning;
and 2) adolescent I, where individuals begin to display the physiological characteristics
associated with the transition of puberty such as ano-genital swelling in females and
expansion in testicle size in males, but where both sexes are generally still non-fertile
(Marson et al. 1991; Stumpf 2011). Individuals referred to as ‘immatures’ include both
juveniles and adolescents, and since all adult females in this group were parous, females

referred to as ‘nulliparous’ are all adolescent females who have never given birth.
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Over the course of the study, several immature individuals changed age

categories. For example, during the 2011 season there were 2 infants (1 male, 1 female),

3 juveniles (1 male, 2 female), 2 adolescent I’s (1 male, 1 female), and 1 adolescent II

(male) and during the 2012 season two individuals changed age class where 1 juvenile

female became an adolescent I and 1 adolescent I female became an adolescent 11, etc.

(see Table 2). Bonobos are a male-philopatric species and in order to further mimic the

natural population dynamics of wild bonobos where females emigrate to new groups

during adolescence (Nishida 1968; White 1988; Kano 1992), CZA transferred three

adolescent females (JoT, Lola, Gilda) to different zoos and received one adolescent

female (Sukari) during the course of the study (see Table 3.2).

Table 3.2. Group composition and rank and age class assignments of the CZA bonobo
colony (2011-2015)

Table 2.2: Group composition and rank and age class assignments of the CZA bonobo colony (2011-2015)

2011 2012 2013 2014 2015
Subject Sex Birth Year Rank |Age Class|Age Class|Age Class|Age Class | Age Class
Jimmy m 1979 7 Adult Adult Adult Adult Adult
Toby m 1979 8 Adult Adult Adult Adult Adult
Susie f 1982 4 Adult Adult Adult Adult Adult
Lady f 1982 5 Adult Adult Adult Adult Adult
Maiko m 1984 6 Adult Adult Adult Adult Adult
Ana Neema f 1992 2 Adult Adult Adult Adult Adult
Unga f 1993 1 Adult Adult Adult Adult Adult
Donnie m 1993 3 Adult Adult Adult Adult Adult
Bila-Isia m 2001 -- Adol 11 Adol II Adol I1 Adult Adult
JoT f 2002 -- Adol I Adol 11 * * ¥
Gander m 2003 s Adol I Adol I Adol II Adol II Adol II
Lola f 2004 -- Juv Adol I & k> i
Sukari f 2005 -- & ke T Adol I Adol II
Gilda f 2006 -- Juv Juv Adol I * o+
Jerry m 2008 -- Juv Juv Juv Juv Juv
Mary Rose f 2010 -- Inf Inf Juv Juv Juv
Wilbur m 2010 -- Inf Inf Juv Juv Juv
Elema f 2012 -- -- Inf Inf Inf Juv
Amelia f 2014 -- -- -- -- Inf Inf

Note: *indicates individual transferred to another zoo,; **indicates individual not yet transferred in to CZA
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Behavioral Observations

Data were collected using all occurrence sampling of infant handling and
agonistic events (Altman 1974). Infant handling was defined as any affiliative or
agonistic non-maternal interaction between a group member and an infant. Although
infants are frequently part of different kinds of interactions while clinging to their
mothers, handling specifically refers to the context of when the infant is not clinging to
his or her mother. Furthermore, interactions occurring solely within the contexts of play
and/or conflicts involving other group members were also excluded. Positive handling
behaviors were those associated with affiliation (e.g., grooming, carrying, cradling) and
negative handling behaviors were those associated with aggression (e.g., pulling, hitting,
biting). A bout of infant handling was considered terminated when the handler ceased

performing handling behaviors for 2 minutes.

Urine analyses

Urine collection and storage. Urine samples were collected in accordance with
CZA’s existing urine collection protocol using either a free catch method where
individual subjects urinated through the mesh caging directly into a collection cup, or,
where urine was pipetted directly off a clean floor surface immediately after a subject
urinated into a plastic cryo tube. All subjects were previously trained to urinate on
command (i.e., present genitals and urinate in exchange for a small food reward).

Samples were then immediately frozen and stored at -20°C until they were packed on dry
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ice and shipped overnight to the Snodgrass Global Health Biomarker Lab at the
University of Oregon in Eugene, OR where they were stored at -80°C until time of

analyses.

Measurement of oxytocin. To avoid multiple freeze-thaw cycles, each sample
was first brought to room temperature and 0.5 ml was aliquoted into several cryo tubes.
Thawed samples were then diluted (1:4) in assay buffer supplied in the 96-well Oxytocin
Enzyme Immunoassay Kit from Enzo Life Sciences™ (catalog no. 901-153A) and
assayed according to the kit manufacturer’s instructions. The manufacturer of this kit
reported the detection limit for this assay as 15.0 pg/ml. To control for variation in the
amount and concentration of voided urine, all samples were assayed for creatinine
concentrations (Seltzer and Ziegler 2007) using the DetectX™ Creatinine Urinary
Detection Kit from Arbor Assays. The manufacturer listed the detection limit for this
assay as 0.037 mg/dL. Samples run for creatinine were diluted (1:20) and run according
to the kit manufacturer’s instructions. All plates were read using a BioTek ™ microplate

reader and analyzed with Gen5™ software version 2.0.

Test of parallelism. To validate the measurement of oxytocin in bonobo urine,
tests of parallelism and accuracy were conducted using the instructions outlined by
Brown et al. (2004) in the Smithsonian’s Conservation and Research Center Endocrine
Workbook (ppg. 21-24). 100 ul aliquots of urine from 10 samples were pooled and

serially diluted two-fold in assay buffer. The serial dilutions of the pooled sample were
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then assayed according to the kit’s instructions. The resulting value, expressed as percent
bound (%B) over total binding (TB), for each of the pooled sample dilutions was plotted
against a concentration of 1000 pg/ml for the neat sample and half the resulting
concentration for each dilution (ex. 500 pg/ml for 1:2, 250 pg/ml for 1:4, etc.) (Brown et
al. 2004, pg. 21). The displacement curve generated by these serial dilution
concentrations was then compared to the standard curve by calculating the difference
between the slopes of the lines produced by a linear regression of the serial dilution curve
and the standard curve, respectively. No significant difference was found between the
two slopes (p=0.053), indicating that the two curves are parallel and the analyte measured
in bonobo urine demonstrates immunoactivity of the endogenous antigen similar to what
was observed in the standards and is, therefore, immunologically similar to the oxytocin

present in the standard solution provided by the kit manufacturer.

Test of accuracy. Because it is possible that there may be material present in
bonobo urine that can interfere with the antigen-antibody binding process, an accuracy
test was preformed to determine the degree to which the measured concentration reflects
the true concentration of oxytocin in the sample. 100 ul aliquots of urine from 10 samples
were pooled, diluted (1:4) in assay buffer, and divided into 7 aliquots. 6 of the aliquots
were spiked with 100 ul of standards such that each aliqot of sample received one of the 6
concentrations of standard (1000, 500, 250, 125, 62.5, 31.2 pg/ml). One aliquot was left
neat. Both the spiked and neat aliquots were then assayed according to kit instructions.

The amounts observed (concentration value of aliquot from assay results) were then
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plotted against the expected amounts (concentration value of standard in respective
aliquot) and a linear regression was performed. Slope values > or < 1 suggest there may
be interfering substances present in the sample (Brown et al. 2004) and our results (slope
=1.079, R* = 0.984) indicate that bonobo urine likely does not contain any substances

that interfere with detection of oxytocin in urine samples.

Data Analyses

Analyses of Variance and Frequency. G Tests of Goodness of Fit with Williams
correction applied were used to compare frequency of type of handling behaviors and to
compare frequency rates of handling across all infants. Assuming an equal likelihood of
occurrence between frequencies of positive and negative handling behaviors, expected
frequency ratios were entered as 1:1 (Sokal and Rohlf 2012). Because number of hours of
observation differed between study years each of the four infants, total amount handled
was divided by the number of observations hours for each infant and than assuming an
equal liklihood of being handled, expected frequency rations were entered as 1:1:1:1
(Sokal and Rohlf 2012).

Because the composition of the group changed over the course of the study (for
example, three adolescent females transferred to new zoos and a new adolescent female
from another zoo was brought into the group), each year was considered separately in
conducting analyses on the differences in frequencies of infant handling between age-sex
categories. ANOVAs were used for all comparisons (Table 3) with the exception of the

following: during the 2012 study year there were only two juveniles (one female, one

78



male) and during the 2014 and 2015 study years there only two adolescents (one female,
one male) (Table 2). Therefore, in order to compare differences in frequency of handling
between the sexes within these age classes, G Tests of Goodness of Fit with Williams
correction applied were used and expected frequency ratios were entered as 1:1 (Sokal
and Rohlf 2012).

Rank analyses. Dominance rank among adults was determined from the direction
and outcome (e.g., fleeing upon aggression) of a decided agonistic event and
displacement matrix and analyzed using R (version 3.3.1). Linearity in the dominance
rank of adults was found to be complete and significant (Landau’s 2 = 0.476, p <0.01)
and adults were ordered into a linear dominance hierarchy and assigned a unique rank
number where 1 represents the highest-ranking individual (Table 3.2). In order to test for
the effect of mother’s rank on frequencies of handling across all study years, the total
amount each infant was handled was divided by the number of observations hours for
each infant and then compared to each infant’s mother’s rank using Pearson correlations.
Pearson correlations were also used to compare frequencies of handling of each handler
to counts of coalitionary support received by each handler. Because bonobos are known
to support kin during conflicts (Vervafcke et al. 2000; Surbeck and Hohmann 2013;
Tokuyama and Furuichi 2016) only counts of coalitionary support that were performed
by females (with infants) unrelated to the handler were included in the analyses.

Oxytocin In order to investigate the potential connection between OT and infant
handling among immature and nulliparous females, the mean OT value for each

individual for each year was compared to the corresponding frequency of handling for
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that individual for that year. Because group composition changed over the course of the
study (see above and Table 1), each handler’s total amount of handling for a given year
was divided by number of observation hours and number of available infants for that
year. All analyses, with the exception of rank analyses, were run using BIOMstat (version

3.301).

RESULTS
Type of Handling Behaviors

Over the course of the entire study, 1778 interactions classified as infant handling
were recorded, where 1700 were cored as positive and 78 were scored as negative (Fig.
1). Observations of handling occurred at a rate of 0.68 per observational hour
(1778/1819). The Kin Selection, By-Product, Reciprocity, and Learning-to-Mother
hypotheses all predict that positive handling behaviors will occur significantly more
frequently than negative handling behaviors, while the Reproductive Competition
hypothesis predicts that negative handling behaviors will occur more frequently. We
found that positive handling behaviors, such as carrying, cradling, and grooming,
occurred significantly more frequently than negative handling behaviors, such as pulling,
hitting, and biting, for each year in the study period (2011: G=410.762, df=1, p<0.001;
2012: G=809.562, df=1, p<0.001; 2013 G=232.086, df=1, p<0.001; 2014: G=328.904,

df=1, p<0.001; 2015: G=53.857, df=1, p<0.001).
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Fig. 3.1. Frequency distribution of type of infant handling behavior per study year

Kin Bias

Two infants were present at the beginning of the study period and two additional
infants were born into the group during the 2012 and 2014 study years. The Kin Selection
and Reproductive Competition hypotheses generate contrasting predictions regarding kin
bias in handling frequency and frequency analyses were conducted to determine whether
a preference for handling related infants existed among handlers. Because proportions of
related and unrelated dyads changed from year to year over the course of the study,
frequency analyses were conducted based on expected proportions of related and
unrelated dyads involving infants and frequencies were analyzed for each study year. The

Kin Selection hypothesis predicts that infant handling dyads between related individuals

81



will occur significantly more frequently than between unrelated individuals and the
Reproduction Competition hypothesis predicts that infant handling dyads between
unrelated individuals will occur more frequently than between related individuals. For
three of the study years infant handling dyads between related individuals occurred
significantly more frequently than expected and less than expected between unrelated
individuals (2011: G=19.72, df=1, p<0.01; 2012: G=222.54, df=1, p<0.01; 2014: G=
31.86, df=1, p<0.01) (Fig. 3.2). Infant handling dyads between unrelated individuals
occurred significantly more frequently than expected, and infant handling dyads among
related individuals occurred less frequently than expected, for the 2013 study period
(G=15.38, df=1, p<0.01). There was no significant difference in expected frequencies of
related and unrelated dyads for the 2015 study period (G=0.234, df=1, p=0.314) (Fig.

3.2).
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Fig. 3.2. Frequency distribution of expected and observed related and unrelated dyads per
study year
Age-Sex Class Distribution Among Handlers

All non-infant individuals were observed handling infants over the course of the
entire study. The Reproductive Competition and By-Product hypotheses predict that
females will handle significantly more frequently than will males and we did not find a
significant difference in frequency of handling between all males and all females for any
of the study periods (2011: F=0.003, df=1,12, p=0.955; 2012: F=0.012, df=1,12,
p=0.0911; 2013: F=0.707, df=1,11, p=0.418; 2014: F=0.020, df=1,12, p=0.891; 2015:
F=0.554, df=1,11, p=0.472) (Table 3.3). The Reproductive Competition hypothesis also
predicts that parous females will handle infants significantly more frequently than will

immature and nulliparous females. We found that immature and nulliparous females
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handled infants significantly more frequently than parous females for all study periods,
with the exception of the 2013 study year where no significant difference in handling
frequency was found between parous females and immature and nulliparous females (see
Table 3.3 for summary of statistics). The By-Product hypothesis also predicts that parous
females without infants and nulliparous females will handle in equal frequencies. We did
not find a significant difference in frequency of handling between parous females without
infants and nulliparous females for three of the study periods (2012: F=2.985, df=1,2,
p=0.226; 2013: F=0.716, df=1,1, p=0.553; 2015: F=8.900, df=1,2, p=0.096). We did find
that nulliparous females handled infants significantly more frequently than parous
females without infants for two the study periods (2011: F=20.021, df=1,2, p<0.05; 2014:
F=2090.667, df=1,1, p<0.05) (Table 3.3).

Table 3.3. Summary of statistical analyses for differences in frequency distribution
between age-sex categories

Table 3.3: Summary of statistical analyses for differences in frequency distribution between age-sex categories

2011 2012
F G df p direction [F G df P direction
males vs. females 0.003 -- 1,12 0.955 -| 0.012 -- 1,12 0.911 ‘
parous females vs. adult males 11.709 -~ 16 <0.05 males| 7.633 -~ 1,6 <0.05 males|
parous females vs. immature males 11.715 - 16 <0.05 males| 1,440 -- 15 0.284 -
arous females vs. immature and immaturs Immature
P K 3 104.516 -- 1,5 <0.001 and| 17.104 -- 15 <0.01 and
nulliparous females £ 2
nulliparous nulliparous
PRIAS |SMISE /0 BHRRIE VS 5.717 - 15 0.062 - 3.879 -~ 1,5 0.106 =
immature and nulliparous females
Mnmetons and sesiparoue femelee Ve | 5440 -~ 1,5 <0.01 femaleq 9.021 -~ 1,6 <0.05 females
adult males
!mmature and nulliparous females vs. 0.371 - T4 0575 .| o676 -~ 14 0457
immature males
:‘dsl::cent females vs. adolescent 316.410 -- 1.1 <0.05 females{ 68.308 -- 1,2 <0.05 females|
juvenile females vs. juvenile males 6.259 - 1,1 0.242 - - 0.137 1 0.356 -

Note: italicized values indicate significance; *indicates non-significant value frem equal frequency distributions
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2013 2014 2015
F G df P direction [F G df P direction (F G df P direction
0.707 -~ 1,11 0.418 - 0.020 -- 1,12 0.891 - 0.554 -- 1,11 0.472
13.036 -- 1,5 <0.05 males 5.110 -- 1,7 0.058 - 0.691 -- 1,5 0.438 -
3.250 - 1,5 0.131 - 2.590 -- 1.5 0.144 - 2.327 - 1,4 0.202 -
immature immature
3.721 -- 1,3 0.149 --| 1894.050 -~ 1,4 <0.001 and| 20.013 -- 1,4 <0.05 and
nulliparous nulliparous
0.914 -- 1,3 0.410 -] 3.508 - 14 0.119 - 2.428 -- 1,4 0.1%4 -
8.281 -~ 1,4 <0.05 femalest 100.6585 1,5 <0.001 females| 35.764 -- 1,6 0.001 females
3.133 -- 1,4 0.151 - 2.293 1,3 0.227 - 0.736 -~ 1,4 0.439
22422.749 - 1,1 <0.05 - -- 42.350 1 <0.001 females --  6.605 1 <0.01 females
0.06%9 - 1,1 0.837 - 0.333 - 1,1 0.667 --| 0.000 - 1,2 ns* -]

The Reciprocity hypothesis predicts that parous females will handle infants
significantly more frequently than other age-sex categories of handlers. There were no
observations of reciprocal infant handling among parous females and parous females
were never observed handling infants more frequently than any other age class (see Table
3.3 for summary of statistics). Conversely, we found that both immature and nulliparous
females and adult males handled infants significantly more frequently across the study
period, although the finding was not consistent across all study years (see Table 3.3 for
summary of statistics). The Learning-to-Mother hypothesis predicts that immature and
nulliparous females will handle significantly more frequently than other age-sex
categories of handlers. We found that immature and nulliparous females handled infants
significantly more frequently than any other age sex class across all study periods (see
Table 3.3 for summary of statistics) except when compared to immature males. When
immatures were separated into juvenile and adolescent age categories and then sex

classes compared, we found that adolescent females handled significantly more
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frequently than did adolescent males for each of the study periods and that there was no
difference in handling frequency between juvenile males and juvenile females (see Table

3.3 for summary of statistics).

Rank Effects and Coalitionary Support

All infants in this study were observed being handled and no significant
difference in handling frequency per hours of observation for each infant was found
among the infants (G=0.12, df=3, p=0.500). The Reproductive Competition and Alliance
Formation hypotheses both generate predictions regarding the role of the mother’s rank
on handling frequency of infants. The Reproductive Competition hypothesis predicts that
infants of lower ranking females will be handled significantly more frequently than the
infants of higher ranking females and the Alliance Formation hypothesis predicts the
opposite, where infants of higher ranking females will be handled significantly more
frequently. We found no significant correlation between rank of the mother and number
of handling interactions per hours of observations for each of the infants (p=0.0824, df=2,

R?=0.696; Fig. 3.3).

86



0.6

= R? = 0.696
2 o8 &
oo o
£ 5
T2 o5 &
[ o
o C
o
Y
5 ® 045
-y < <
O
5.9
¢S 04
O
et
= 035

03

0 1 2 3

Rank of mother of infants handled

Fig. 3.3. Frequency distribution of handling behaviors received for each infant by rank of
mother

The Alliance Formation hypothesis predicts that individuals will handle infants
in exchange for coalitionary support during conflicts. We found a significant positive
correlation between frequency of handling infants and agonistic support from mothers
unrelated to the handler during conflicts with the handler over the course of the entire

study period (p<0.05, df=26, R?=0.128; Fig. 3.4).
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Fig. 3.4. Frequency distribution of handling behaviors performed by amount of
coalitionary support received from unrelated mothers of infants
Oxytocin

We predicted that if the Learning-to-Mother hypothesis functions as a
mechanism through which immature and nulliparous females learn species appropriate
maternal behaviors, OT, a known facilitator of maternal behaviors, would be positively
correlated with handling behaviors among immature and nulliparous females. We found a
significant positive correlation between frequency of handling infants and mean OT,
expressed as pg’ creatinine, over the 2012 — 2015 study years (urine was not collected
during the 2011 study year) (p=0.001, df=8, R*=0.733; Fig. 3.5). Because other age-sex
categories handled infants and there is evidence that OT also facilitates social bonding
among group members in chimpanzees (Crockford et al. 2013; Wittig et al. 2014), we

investigated the connection between mean OT and handling behaviors the other age sex
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categories. We did not find a significant correlation between mean OT, expressed as pg
'creatinine, over the 2012 — 2015 study years, and infant handling behaviors among
immature males (p=0.060, df=11, R?=0.205; Fig. 3.6) or adult males (p=0.403, df=16,
R?=0.003; Fig. 3.7). There was, however, a significant negative correlation between mean
OT expressed as pg” creatinine, over the 2012 — 2015 study years, and infant handling

behaviors among adult females (p<0.05, df=12, R*=0.246; Fig. 3.8).
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Fig. 3.5. Mean OT levels among immature and nulliparous females by frequency of
handling behaviors per observation hour per infant
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Fig. 3.6. Mean OT levels among immature males by frequency of handling behaviors per
observation hour per infant
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Fig. 3.7. Mean OT levels among parous females by frequency of handling behaviors per
observation hour per infant
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Fig. 3.8. Mean OT levels among adult males by frequency of handling behaviors per
observation hour per infant

DISCUSSION

Although reports of infant handling in wild bonobos are scarce (Kano 1992;
Mitani and Watts 1997), the handling of infants was a common phenomenon in this
captive group. Over the course of five study years (2011-2015) we observed 1778
interactions between infants and non-maternal group members, occurring at a rate of
about two every three hours. Even though all group members interacted regularly with all
of the infants, individuals exhibited a significant bias toward handling related infants over
unrelated infants during some of the study periods. While the Kin Selection hypothesis

(Hamilton 1964; Hrdy 2009) suggests that handling provides direct and/or indirect fitness
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gains to the mother and/or handler and has primarily been invoked in species that practice
cooperative or communal breeding (Emlen et al. 1991; Bourke and Franks 1995), there
are few examples of kin bias in most cercopithecine species (Paul and Kuester 1996).
There is, however, considerable evidence that humans practice extensive allocare and
handling behaviors among kin (see Kramer 2010) and the degree to which infant
handling may provide fitness gains in other great ape species is largely unknown. The
results of our study support the predictions generated by the Kin Selection hypothesis and
offer insight into a potential additional mechanism through which female IBI’s are
reduced. The IBI’s of chimpanzees and bonobos differ slightly, where chimpanzee
females give birth every 61.2-69.1 months on average and bonobo females give birth
every 57.6 months on average (see Stumpf 2011 pg. 352). Although these differences
have largely been attributed to the ecological constraints and seasonal influences on
mating behavior and birth cycles in chimpanzees (see Stumpf 2011; Wallis 1995; Boesch
and Boesch-Achermann 2000; Anderson et al. 2002; Emery Thompson and Wrangham
2008), it is possible that infant handling helps reduce the burden of care-giving for
mothers in bonobos. Furthermore, social hazards, such as infanticide and lethal raiding,
both of which occur in chimpanzees and have yet to be observed in bonobos, are
powerful forces that may induce selection against non-maternal care (Silk 1999) and
could be a contributing factor to why this behavior is absent in chimpanzees.

The Reproductive Competition hypothesis (Hrdy 1976; Silk 1980; Wasser and
Barash 1981; Wasser 1983; Gittleman 1985; Maestripieri 1994) suggests that infant

handling evolved as a mechanism of competition between females where adult females
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will aggressively handle, kidnap, or ‘allomother to death’ infants of unrelated females
and the results of our study do not support any of the predictions generated by this
hypothesis. While we found that the distribution of frequencies of interactions varied
considerably between age-sex classes, immature and nulliparous females generally
handled infants more frequently than any other age-sex category. We also found that
aggressive behaviors directed toward infants in the context of handling were infrequent
and usually mild (i.e., pulling on the infant). Silk (1999) has suggested that interactions
categorized as negative handling behaviors may simply be the outcome of persistence by
the handler when faced with maternal or infant resistance to being handled, particularly
during times of potential danger. We found that two of the mothers (Susie, Ana Neema)
in this study often resisted the handling of their infants by the youngest son (Jerry) of the
alpha female (Unga). Jerry frequently directed aggression and harassment behaviors at
Susie (Boose and White 2017) and Unga often responded to conflicts involving her
offspring with highly aggressive behaviors, frequently resulting in the wounding of her
opponent, including Susie and Ana Neema as well as individuals classed as immatures
(Boose, unpublished data). It is probable that the mild negative handling behaviors
observed in this group were the result of female reticence to allow her infant to be
handled while in certain social contexts. The Reproductive Competition hypothesis also
predicts that the infants of lower ranking females will be handled more frequently than
the infants of higher ranking females. Although our results were not significant, there was
the suggestion of a negative correlation between mother’s rank and frequency of handling

of each infant. We do not, however, believe this non-significant but suggestive result is
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the outcome of individuals targeting the infants of lower ranking females primarily for
the reasons inherent to the Reproductive Competition hypothesis. Instead, we suggest
this finding, coupled with the result that positive handling behaviors occurred
significantly more frequently than negative behaviors, reflects both differences in
maternal style and an avoidance of potential conflict with the alpha female (Unga).
Researchers (Silk 1999) have noted that the motivations of mothers and handlers may
represent a conflict of interest and individuals may, therefore, be more free to express
handling behaviors toward infants of lower ranking females.

The Reciprocity hypothesis (Hrdy 1976; Stanford 1992) describes infant handling
as a social commodity exchanged between parous females whose expression is dependent
on social and demographic factors that influence opportunities for reciprocity. Our results
supported the prediction that positive handling behaviors would occur more frequently
than negative handling behaviors but we did not find support for the prediction that
parous females would handle infants significantly more frequently than other age-sex
categories. The only parous female without an infant (Lady) in our study group did not
interact with infants more or less frequently than the other parous females, who were
rarely observed interacting with others’ infants. This result is interesting given the strong
natal attraction and frequency of handling among the immature female bonobos in our
study group. Furthermore, attempts to frame predictions on the function of infant
handling around Socioecological factors suggest that in species with low or relaxed
within-group contest competition (WGC), reciprocal exchange of handling between

females should be less constrained than in species with high WGC because dominance
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relationships between females are more relaxed (Maestripieri 1994). Bonobo habitats are
characterized by less seasonal variation in food availability as well as larger and more
abundant fruiting trees and greater distribution of terrestrial herbaceous vegetation (THV)
that may result in lower WGC, relative to chimpanzees (White and Wrangham 1988;
Chapman et al. 1994; Malenky and Wrangham 1994; White 1996, 1998; White et al.
2015). Although bonobos form linear dominance hierarchies (Stevens et al. 2007),
females exhibit intrasexual social tolerance within the context of feeding (Vervaecke et
al. 2000) and further studies are needed to address whether these factors are related to
infant handling in bonobos and whether they influence handling frequencies differently in
parous vs. nulliparous females.

The Alliance Formation hypothesis also describes infant handling as a social
commodity, namely a service that can be exchanged for coalitionary support during
conflicts. Our results did not support the prediction that the infants of higher ranking
females would be handled more frequently than the infants of lower ranking females.
However, our results do support the prediction that handling would be positively
correlated with coalitionary support from mothers during conflicts involving the handler.
Female bonobos are known to form various types of coalitions both in captivity and the
wild. For example, coalitions in captive females have been found to function as a
mechanism to maintain female power over males, to acquire and maintain dominance
rank, and to reduce tension and test the strengths of social bonds (Vervafcke et al. 2000)
and in wild populations, female coalitions also function to maintain dominance over

males (White and Wood 2007; Tokuyama and Furuichi 2016). However, coalitionary
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support from females is not always based on patterns of affiliation and older females
support younger females more frequently than younger females support older females
(Tokuyama and Furuichi 2016). The results presented in this paper may provide potential
insight into these observations and further studies on coalitionary aggression, infant
handling, and affiliative behavior are needed to understand the impact of infant handling
on the patterning of coalitionary support in bonobos.

The By-Product hypothesis suggests that infant handling is the result of selection
for infant responsiveness because females who respond promptly and frequently to infant
signals should make good mothers (Quiatt 1979; Scollay and DeBold 1980). The
predictions generated from this hypothesis overlap significantly with the predictions
generated from the other hypotheses tested in this paper where our results supported the
prediction that positive handling behaviors should occur more frequently than negative
handling behaviors and did not support the prediction that females should handle infants
more frequently than males. Furthermore, the By-Product hypothesis predicted that
parous females without infants would still be attracted to and motivated to handle infants
as much as nulliparous females are. Although our data did not support this prediction, this
result may not accurately reflect the frequency distribution of handling between parous
females without infants and nulliparous females because, over the course of the entire
study period, there was only one parous female without an infant. Further studies on
handling behaviors among parous females without infants and those who have recently

lost an infant are needed to more accurately test this assumption.
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We found significant support for the Learning-to-Mother hypothesis, which
describes infant handling as a mechanism through which immature and nulliparous
females learn about species appropriate maternal behaviors. Our results supported the
predictions that positive handling behaviors would occur significantly more frequently
than negative handling behaviors and gave mixed support for the prediction that
immature and nulliparous females would handle more frequently than any other age-sex
category where immature males were also frequently observed handling infants. Primate
infants, particularly among the great ape species, take a long time to develop and reach
maturity (see Leigh and Blomquist 2011 and Stumpf 2011). Offspring represent a costly
investment to females and selection should favor mechanisms that afford immatures
opportunities to learn species-typical behaviors, particularly those with a high cost-
benefit ratio (Trivers 1972). As discussed above, natal attraction and infant handling are
deeply rooted across primate taxa and there is considerable support for the Learning-to-
Mother hypothesis. It is, therefore, not surprising that, under conditions of captivity
where food is abundant and environmental hazards such as predation and infanticide are
low, immature female bonobos are willing to provide some of the costly care normally
attributed to mothers and that these adult females will take advantage of the opportunity
to reduce their maternal burdens.

Finally, one of the objectives of this study was to investigate the connection
between OT, a hormone known to modulate social bonding and maternal behaviors in
mammals, and infant handling behaviors in bonobos. Our results supported our prediction

that, if OT functions as a facilitator of maternal behavior, then OT levels would only be
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correlated with infant handling in immature and nulliparous females and not in parous
females because parous females should only show correlation with interactions with their
own infants. Our results also supported the prediction that, although it is possible that OT
facilitates infant handling as a type of social interaction in males, OT in males should not
be correlated with infant handling alone. OT is known to modulate social tolerance and
care-giving behaviors in callitrichid (Saito and Nakamura 2011; Finkenwirth et al. 2016)
and human males (Gordon et al. 2010b; Feldman et al. 201, 2011), both species where
allocare is necessary to ensure infant survival. While it is interesting to consider the role
of OT in the facilitation of care-giving behaviors in male bonobos, allocare is not
essential to infant survival and any correlation between OT and infant handling behaviors
should be considered as part of the larger context of affiliation and social bonding in this
species. Additional studies on the relationship between affiliative interactions and OT
across social contexts and age-sex categories are needed to fully understand the role OT
plays in the facilitation of social bonding in bonobos. These results demonstrate the
utility of incorporating data on hormones known to modulate behavior into behavioral
studies. Our data presented here suggest that infant handling may function as a
mechanism of learning-to-mother and that OT may facilitate the onset of care-giving and

maintenance of maternal behaviors in young female bonobos.

Conclusion
In conclusion, infant handling is a distinct type of affiliative behavior that

functions both as a mechanism of learning species typical maternal behaviors in young
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female bonobos and in a manner that may facilitate coalition formation between handlers
and mothers of infants. The results presented here show that while juvenile males and
females associate frequently with infants, adolescent females perform handling behaviors
significantly more than do adolescent males. Furthermore, mean OT levels were
correlated with handling behaviors in juvenile and adolescent females, but not in any
other age-sex category. Although study design did not permit the testing of the long term
consequences of associating with an infant in exchange for coalitionary support from that
infant when they reach adulthood, the results presented show a positive connection
between handling behaviors and coalitionary support of the handler by the mother of the
infant handled. Results also showed that, during some of the study periods, handlers
demonstrated a significant bias in handling related infants. Together these results on
infant handling behavior in bonobos provide strong support for the Learning-to-Mother
hypothesis, mixed support for the Alliance Formation and Kin Selection hypotheses, and
potentially demonstrate evidence for a mechanism that contributes to the observed lower

inter-birth intervals of bonobos relative to chimpanzees.

BRIDGE TO CHAPTER IV

The objective of Chapter III was to examine the patterning of infant handling
behavior in bonobos and to test predictions generated by six functional hypotheses. The
results presented in this chapter demonstrated that infant handling functions as a
mechanism through which young females learn species typical maternal behaviors and as

a potential mechanism of alliance formation and the reduction of inter-birth intervals.
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While Chapter III provides important insights into the influence of social interactions
with infants on development in bonobos and highlights the importance of these
interactions on the social strategies of individuals across age-sex categories, the purpose
of Chapter IV is to examine in detail the social strategies of males in females within the
context of mating and the resulting influence of these inter-individual interactions on the
social and mating strategies of other group members. The study presented in Chapter IV
will detail the pattering of proceptive and receptive sexual behavior among females and
will examine the potential influence of male directed aggression on the expression of

female choice in mating partners.
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CHAPTER IV

FEMALE CHOICE IN BONOBOS (PAN PANISCUS): EVIDENCE OF MALE

CONSTRAINT AND COALITIONARY SEXUAL COERCION

This chapter includes previously unpublished co-authored material, facilitated by
a number of people, including Frances White, Josh Snodgrass, and Audra Meinelt. The
author, Klaree Boose, was the principle investigator for this work, responsible for the
study design, behavioral data collection, hormonal analyses, statistical analyses, and
manuscript preparation. Frances White is the academic adviser for this dissertation and
contributed to this work by participating in the development of study design and
statistical analyses. Josh Snodgrass is the principle investigator of Global Health
Biomarker Lab at the University of Oregon and was instrumental in providing laboratory
space and equipment for the hormonal analyses conducted for this study. Audra Meinelt
is an assistant curator at the Columbus Zoo and provided institutional support for data

collection, storage, and shipment of samples.

INTRODUCTION

Since its initial description, sexual selection theory (Darwin 1871) has been
studied across a wide array of taxa, culminating in the identification of three primary
mechanisms: intersexual selection, intersexual conflict, and intrasexual selection (Parker
1979; Smuts and Smuts 1993; Andersson 1994; Clutton-Brock and Parker 1995). These

mechanisms are hypothesized to be the driving force behind the evolution of traits that
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influence reproductive success, but may or may not be related to individual survival (for
reviews in primates see Manson 2003 and Kappeler and van Schaik 2004). Intersexual
selection, or mate choice, involves the evolution of traits that increase an individual’s
attractivity to the opposite sex, such as signals of genetic quality, dominance rank, ability
to secure resources and/or to provide infant care (see Manson 2011). Due to the inherent
asymmetries in parental investment, intersexual conflict arises when male and female
mating interests do not align and involves strategies employed by individuals to override
mate choice in the opposite sex (Parker 1979; Smuts and Smuts 1993; Clutton-Brock and
Parker 1995; Wigby and Chapman 2004; Chapman 2006). Competition for mates, or
intrasexual selection, can result in traits such as armaments and sexually dimorphic
musculature that increase a male’s ability to access females, especially in species where
there is little or no direct paternal care (Anderson 1994; Kappeler and van Schaik 2004).
In turn, these traits can facilitate male strategies during intersexual conflict, whereby
males use aggression and the threat of force against females to constrain female choice in
mating partners (Smuts and Smuts 1993; Clutton-Brock and Parker 1995; Muller and
Wrangham 2009; Muller et al. 2011).

Under such circumstances, where male and female mating interests do not align,
male constraint of female choice can operate through a variety of mechanisms,
collectively referred to as sexual coercion, that include harassment, mate guarding,
interventions into copulations, intimidation, and infanticide (Hrdy, 1979; Smuts and
Smuts 1993; Clutton-Brock and Parker 1995; van Schaik and Janson 2000; van Schaik et

al. 2004; Clarke et al. 2009; Muller et al. 2009; Watson-Capps 2009; Stumpf et al. 2011;
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Muller et al. 2011). Sexual coercion in general, as defined by Smuts and Smuts (1993,
ppg. 2-3), is the ‘use by a male of force, or threat of force, that functions to increase the
chances that a female will mate with him at a time when she is likely to be fertile, and to
decrease the chances that she will mate with other males, at some cost to the female.’
Clutton-Brock and Parker (1995) identify three distinct forms of direct sexual coercion,
forced copulation, intimidation, and harassment, which function to overcome female
resistance to mating and differ mainly in their temporal association between aggression
and mating. Forced copulations do occur in primates (e.g., orangutans: Galdikas 1981),
albeit relatively infrequently (e.g., chimpanzees: Goodall 1986; Muller and Wrangham
2009), and refer to the context in which the temporal association between aggression and
mating is indistinguishable. Harassment refers to ‘repeated attempts to mate that impose
costs on females, inducing eventual female submission” whereas intimidation ‘involves
physical retribution against female refusals to mate, increasing the likelihood of
submission to future advances’ (Muller and Wrangham 2009, pg. 10). Muller and
Wrangham (2009, p. 10) identify three forms of indirect sexual coercion they collectively
categorize as ‘coercive mate guarding’: punishment, herding, and sequestration, which
function to influence a female’s ability to mate with other males. These mechanisms vary
mainly in the timing of aggression and female spatial proximity to rival males where
punishment refers to male directed aggression at females in response to association or
copulation with other males, and herding and sequestration involve spatially separating
females from rival males (Clutton-Brock and Parker 1995; Clarke et al. 2009; Muller and

Wrangham 2009; Muller et al. 2011).
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Male sexual strategies, however, do not operate in the absence of female attempts
to exercise choice. As Stumpf et al. (2006) have noted, female counter strategies have
been shown to enhance female mating and reproductive success across several species
(Partridge 1980; Dunbar 1984; Wallen and Winston 1984; Keddy 1986; Boinski 1987;
Bercovitch 1991; Manson 1992; Perloe 1992; Soltis et al. 1997; Buck 1998; Reynolds
and Gross 1992; Norris 1993; Petrie 1994, Eberhard 1996; Promislow et al. 1998;
Cunningham and Russell 2000; Kolm 2001; Drickamer et al. 2000, 2003; Adair-Gowaty
et al. 2002; Hine et al. 2002). For example, exaggerated sexual swellings and
polyandrous (i.e., promiscuous) mating are designed to concentrate paternity towards the
alpha male while simultaneously spreading copulations across other males in order to
confuse paternity and reduce the risk of infanticide (Nunn 1999). Other mechanisms,
such as proceptivity (i.e., female approaches or solicitations for copulation) and
resistance to copulations, also have the potential to influence paternity and should
therefore be under strong selective pressure to evolve (Stumpf et al. 2006).

The expression and efficacy of these mechanisms, however, are dependent on
mating system and can vary according to the degree of male dominance and intersexual
conflict characteristic of a species. For example, in chimpanzees, a species with
promiscuous mating, no direct paternal care, relatively frequent infanticide, and a high
degree of male dominance (Goodall 1986), researchers from the Tai National Park
(Stumpf et al. 2005) have found that females increase resistance rates and decrease
proceptivity rates during the periovulatory period (POP), when conception is most likely

to occur (Emery-Thompson 2005), suggesting that females alter their sexual strategies
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across their cycles to exercise choice. Furthermore, Stumpf et al. (2006) found that
resistance rates were inversely related to male mating success during POP and concluded
that females were likely effective at influencing paternity. Muller et al. (2009, 2011),
however, have argued that the apparent choice of female chimpanzees described by
Stumpf et al. (2005, 2006) is being driven by the aggression females receive from males
across all contexts. In their study group, female proceptivity was correlated with rates of
aggression received throughout their cycles (Muller et al. 2011) and conclude that this
continuous aggression is representative of the intersexual conflict over mating
exclusivity. They argue the primary sexual strategy of females is infanticide prevention
via promiscuous mating and that male aggression against females functions as a long-
term coercive strategy to constrain this effort (Muller et al. 2011). More recently, results
of studies conducted at the Gombe chimpanzee field site have shown that while male
directed aggression and copulation frequency were correlated during the maximum
swelling phase (MSP) of the ovulatory cycle, paternity was correlated with aggression
during the non-swollen phase and support the hypothesis that male sexual coercion is a
reproductive strategy that develops over time (Feldblum et al. 2014).

The purpose of this paper is to explore the patterning of sexual behavior, male
directed aggression, and female mate choice in bonobos (Pan paniscus) who like
chimpanzees, exhibit a promiscuous mating system with no direct paternal care (Kano
1992; Furuichi 1992), but differ drastically in their dominance structure, where females
form coalitions against males (Parish 1996; Paoli et al. 2009; Tokuyama and Furuichi

2016) and often attain the highest rank positions (Furuichi 1997; Stevens et al. 2007,
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Surbeck and Hohmann 2013; Goldstone et al. 2016), and where there is an inferred low
risk of infanticide (Kano 1992; Stanford 1998). Researchers have long suggested that the
relatively high dominance rank of females allows for active female choice (Furuichi
1992; Kano 1996; Fruth et al. 1999) that is facilitated by prolonged and frequent estrous
(swellings) during which time they are continuously receptive and attractive to males
(Takahata et al. 1996; Furuichi and Hashimoto 2004; Paoli et al. 2006). The reports of
prolonged estrous and continuous receptivity have in turn been interpreted as lower
sexual competition among bonobo males relative to chimpanzee males (Kano 1989;
Furuichi and Hashimoto 2004) and predict, therefore, an absence of sexual coercion and
low mating and reproductive skew in bonobos relative to chimpanzees (Smuts and Smuts
1992; Wrangham 1993). Support for this hypothesis has been mixed. Some studies
reporting on copulation frequency across males have shown no concentration of
copulations towards one male (Gerloff et al. 1999; Furuichi and Hashimoto 2004) while
others have shown that copulations can be skewed toward a male, who may or may not
be the highest rank male (Kano 1996; Marvan et al. 2006; Paoli and Palagi 2008; Boose
et al. 2012). Furthermore, a recent study has shown that paternity is more highly skewed
in bonobos than in chimpanzees and that high ranking males are successfully able to
monopolize reproduction, accounting for the majority of the offspring sired (Surbeck et
al. 2017).

In light of this data, the question becomes: are observations of mating and
reproductive skew the result of unfettered female choice or is male constraint operating

on some level? To properly investigate this question, it is important to consider the
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effects of male aggression on female mating behavior across all contexts (Muller et al.
2009; Feldblum et al. 2014). Few studies have reported on rates of male directed
aggression and mating in bonobos and, among those that have, the results are mixed.
Hohmann and Fruth (2003) found that estrous females were the targets of male
aggression more often than expected by chance, but Surbeck and Hohmann (2013) found
that males did not aggress females displaying MSP and Paoli et al. (2009) found lower
rates of aggression during MSP and no correlation between male directed aggression and
mating. This study will address the gap in our understanding of the relationship between
male directed aggression and female mate choice in bonobos to more fully understand the

proximate mechanisms that produce mating and reproductive skew in this species.

HYPOTHESES AND PREDICTIONS
Hypothesis 1: Female bonobos exhibit continuous receptivity to confuse paternity and
maintain low levels of male-male competition and intersexual conflict
Predictions 1: If females exhibit continuous receptivity, then we expect:
a) rates of receptivity among females will not vary across males
b) mating skew among males will be low, frequency of copulations will be

evenly distributed across males

Hypothesis 2: Patterns of female mating behavior are the expression of unfettered choice
in order to concentrate paternity towards a preferred male
Predictions 1: If female proceptive behavior is an expression of female choice in

the absence of male sexual coercion, then we expect:
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a) females will solicit copulations from and mate more frequently with the
preferred male(s) over other males

b) female solicitations will not be correlated with aggression received

Prediction 2: If female receptive behavior also operates in the absence of male
sexual coercion, then we expect:
c) female receptivity will not be correlated with aggression received
d) females will deny solicitations for copulations from non-preferred males
and success rate of denials for solicitations will not be correlated with

female dominance rank

Hypothesis 3: Patterns of female mating behavior reflect male counter strategies to
constrain female choice
Prediction 1: If female proceptive behavior is the result of male sexual coercion,
then we expect:

a) female solicitations will be correlated with aggression received

Prediction 2: If female receptive behavior is the result of male sexual coercion,
then we expect:

b) female receptivity will be correlated with aggression received

c) female denial of solicitation for copulations will be correlated with female

dominance rank
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Hypothesis 4: High mating skew across males, whether the result of active female choice
or male constraint of choice, should result in the expression of alternate male mating
strategies
Prediction 1: If there is variation in female receptivity across males and
aggression is correlated with mating success, then we expect
a) males to engage in direct sexual coercion, under conditions of low

likelihood of retaliation in the form of coalitionary aggression

Hypothesis 5: Muller and Wrangham (2009) have argued that for a behavior to be
considered direct sexual coercion it must impose a fitness cost on the target. Exposure to
environmental stressors, such as conflict with group members, is known to increase
cortisol values in many species of group living primates (e.g., bonobos: Surbeck et al.
2012; chimpanzees: Muller and Wrangham 2004). Furthermore, chronically elevated
cortisol levels can disrupt the natural circadian rhythm and function of cortisol in the
body (Karlamangla et al. 2013; Novak et al. 2013) and can have a long-term negative
impact on survival (see for review Lupien et al. 2009; Novak et al. 2013). Female targets
of direct sexual coercion are, by definition, receiving aggression for resisting the
copulatory efforts of non-preferred males and should, therefore exhibit a stress response.

Predication 1: If sexual coercion induces a stress response, then we expect

a) cortisol values in females who receive aggression from males will be

correlated with frequency of aggression received
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b) on days when direct sexual coercion takes place, cortisol values in targets will
be significantly higher than mean cortisol values determined for that

individual

METHODS
Subjects and Housing

All data were collected on the captive group of bonobos housed at the Columbus
Zoo and Aquarium (CZA) in Columbus, Ohio, USA during the summer months of 2012
(May 20 — July 13), 2013 (April 14-June 16), 2014 (June 3-July 10), and 2015 (August
27-September 14). Daily observations usually began around 0730 hours and ended
between 1300 — 1700 hours resulting in 1396 observation hours. Over the course of the
study, CZA had a total of 11 females (4 adult and 4 adolescent) and 8 males (5 adult and
1 adolescent) (Table 1) that were housed in a complex of areas consisting of two large
indoor public viewing exhibits (54.8 m2 each) with multiple climbing structures, two off-
exhibit indoor enclosures (22.6 m2 each), two off-exhibit outdoor enclosures (18.5 m2
each) and a large naturalistic outdoor public viewing exhibit (57.9 m x 45.7m, 2647.7
m?2) with grass, mature trees, and an artificial stream and waterfall. The keepers at CZA
managed the bonobos to simulate the species typical fission-fusion process of variable
party composition where the bonobos were allowed access to each other each morning
and parties were set based mostly on individual bonobo association preferences. This

management process usually resulted in three parties that lasted for 2-3 days, rarely
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changed on a daily basis or exceeded 4 days, and where all immatures had abundant

opportunity to interact with all individuals (see Boose et al. 2013 for description).

Age Classifications

The individuals of this study were classified according to the detailed descriptions
of age-class characteristics of bonobos given by Thompson-Handler et al. (1984). For
example, Thompson-Handler et al. (1984) described an adult male as an individual that is
“full size, scrotum fully pendant’ and an adolescent male as an individual that is ‘smaller
and more gracile than adult (approximately three-quarters size), scrotum not fully
pendant’ (p. 349). Individuals were therefore categorized according to the following:
adolescent I = 8-9 years; adolescent II = 10-12 years; and adult > 13 years (see Boose and
White 2017 for full description). These age classes vary slightly from what was reported
for a wild population of bonobos (Kano 1992) and reflect the accelerated development
that can occur in captivity. In the wild, females younger than 10 years are generally
assumed to exhibit adolescent sterility and are therefore considered to be non-fertile
(Marson et al. 1991; Stumpf 2011). In captivity, however, females can reach menarche as
early as 9 years (Boose, unpublished data) and can give birth during adolescence (Boose,
unpublished data). Furthermore, adolescent males have been observed copulating with
ejaculation (Boose, unpublished data). Since it is possible that these adolescent males
and females are contributing to the distribution of reproductive success within the group,

they have been included in the dataset for this study.
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Reproductive Status of Females

All of the adult females of this group were multiparous and three of these females
either gave birth, were pregnant, or were currently breastfeeding an infant <2 years of
age, and were considered to be under lactational amenorrhea. These three females were
not included in the data set for the study periods where they fit one of the above
conditions. For example, Lady was pregnant during the 2015 study period and her
behaviors and cortisol values were not included in the 2015 study period dataset (Table
4.1). Female bonobos can sometimes give birth after a relatively short interval and have
been known to carry two dependent offspring at the same time (Furuichi and Hashimoto
2002). Furthermore, females are known to resume cycling with maximum swelling in <
15 months (Furuichi and Hashimoto 2002) and, therefore, females with infants >2 years
were included in the data set.

Additionally, because sexual swellings in many species of primate function to
reduce the risk of infanticide by facilitating polyandrous mating and thus confusing
paternity (Hrdy 1979), it can be important to determine the relative change in female
sexual behavior across the ovulatory cycle (e.g., see above description in chimpanzees;
Stumpf et al. 2005, 2006; Muller et al. 2011). The sexual swellings of female bonobos,
however, have been shown to be poor determinants of the timing of ovulation relative to
the onset of the MSP (Reichert et al. 2002; Douglas et al. 2016) and should not be
considered reliable indicators of POP. For these reasons, we do not distinguish between
periods of non-swelling and the MSP and female sexual behavior across the entire

ovulatory cycle is included in the data.
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Behavioral Observations

Data were collected using all occurrence sampling of copulations, solicitations for
copulations, and agonistic events (Altman 1974). Because bonobos engage in a variety of
sexual behaviors involving all age and sex categories, it is necessary to define copulation
for the purpose of this paper. Copulation was defined as penile intromission into the
vagina accompanied by thrusting movements from the male. Although it was not always
apparent that the male achieved ejaculation, the presence of semen on the tip of the male
penis was observed after most copulations. Furthermore, these interactions were scored
as copulations for dyads of males (adult or adolescent) and females (adult or adolescent)
only. Definitions for solicitations of copulations are based on those described by Furuichi
and Hashimoto (2004) and expanded to include behaviors present in this group of
bonobos. Solicitation for copulation by males was defined as presentation of erect penis
accompanied by pushing the pelvic area forward in view of a female in proximity (within
2 m) and/or gesturing toward a female in proximity. Several males also accompanied
these solicitation behaviors with bared-teeth and/or head nodding. Solicitation for
copulation by females was defined as presentation of rump accompanied by crouching
behavior in proximity of a male. Several females also exhibited bared-teeth and/or head
nodding behavior either before or after solicitation. A solicitation bout was considered
terminated after either 1) observation of male-female copulation, 2) if the actor ceased
solicitation behaviors for 2 minutes, or 3) if the target moved out of proximity of the
actor without the actor following the target. Denial of a solicitation attempt was defined

as when a male presented for copulation within view and proximity of a female and
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where the female either ignored the male, or left proximity of the male without
copulating with him and, for the purpose of this study, serves as a proxy for the
evaluation of female resistance to male attempts to copulate.

Also for the purpose of this study, direct sexual coercion was defined as a
behavioral sequence whereby a male solicits a female, the female attempts a denial of
solicitation that is immediately followed by the male repeatedly soliciting the female and
directing aggressive or threatening behaviors (hitting, kicking, biting, charging, chasing,
etc.) toward the female who then copulates with the male within 30 seconds of the male
ceasing aggressive behaviors. A direct sexual coercion attempt was defined as the
sequence of behaviors described above without the female copulating with the male.
Bouts of direct sexual coercion and direct sexual coercion attempts are considered
terminated when the female either copulates with the male or the male ceases aggressing
the female for 2 minutes. Coalitionary coercion was defined as any other group member
supporting the male aggressor with aggressive behaviors directed toward the female

target during bouts of direct sexual coercion and direct sexual coercion attempts.

Urine analyses

Urine collection and storage. Urine samples were collected in accordance with
CZA’s existing urine collection protocol using either a free catch method where
individual subjects urinated through the mesh caging directly into a collection cup, or,
where urine was pipetted directly off a clean floor surface immediately after a subject

urinated into a plastic cryo tube. All subjects were previously trained to urinate on
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command (i.e., present genitals and urinate in exchange for a small food reward).
Samples were then immediately frozen and stored at -20°C until they were packed on dry
ice and shipped overnight to the Snodgrass Global Health Biomarker Lab at the
University of Oregon in Eugene, OR where they were stored at -80°C until time of
analyses.

Measurement of cortisol. To avoid multiple freeze-thaw cycles, each sample was
first brought to room temperature and 0.5 ml was aliquoted into several cryo tubes.
Thawed samples were then diluted (1:20) in assay buffer supplied in the 96-well Detect X
Cortisol Enzyme Immunoassay Kit from Arbor Assays™ (catalog no. K003-HS) and
assayed according to the kit manufacturer’s instructions. The manufacturer of this kit
reported the detection limit for this assay as 45.4 pg/ml. To control for variation in the
amount and concentration of voided urine, all samples were assayed for creatinine
concentrations (Seltzer and Ziegler 2007) using the DetectX™ Creatinine Urinary
Detection Kit from Arbor Assays. The manufacturer listed the detection limit for this
assay as 0.037 mg/dL. Samples run for creatinine were diluted (1:20) and run according
to the kit manufacturer’s instructions. All plates were read using a BioTek ™ microplate
reader and analyzed with Gen5™ software version 2.0.

Kit validation. Tests of parallelism and accuracy were conducted according to the
instructions outlined by Brown et al. (2004) to determine if the analyte measured in
bonobo urine demonstrated similar immunoactivity of the endogeous antigen similar to
what was observed in the standards and to rule out the possibility that there may be

material present in bonobo urine that can interfere with the antigen-antibody binding
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process. Results of these tests demonstrated that the analyte in bonobo urine is
immunologically similar to the cortisol present in the standard solution provided by the
kit manufacturer and that bonobo urine likely does not contain any substances that
interfere with detection of cortisol in the urine samples (see Squires 2016 for detailed

description of the validation tests performed).

Data Analyses

Because hours of observation, group composition, and female reproductive status
varied across study periods, rates of the behaviors investigated (proceptivity, receptivity,
solicitation attempts, direct sexual coercion, and aggression given and received) were
calculated for each subject for each study period by dividing the count of the behavior
(Nbehav obs.) by total hours of observation (H) and by number of non-kin mates available
(Mpon-kin), Where appropriate.

r= (N behav obs. / H) / Mnon-kin

Female proceptivity and male status. Each female’s average rate of proceptivity
across all males was calculated using the equation above. In order to determine whether a
female demonstrated mating preference for a particular male, we followed the formula
given by Muller et al. (2011) where each female’s rate of proceptivity was calculated for
each male and then compared to that female’s mean rate of proceptivity across all males.
If the rate of proceptivity for a particular male was >25% above her mean rate of

proceptivity, the male was categorized as a preferred male. If the rate of proceptivity for
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a particular male was <25% below her mean rate of proceptivity, the male was
categorized as a non-preferred male. If the rate of proceptivity for a particular male was
<25% above her mean rate and >25% below her mean rate, the male was categorized as a
neutral male. To determine if one male was categorized as preferred significantly more
frequently than other males, the frequency of solicitations by females was compared
across males using a Goodness of Fit G test with Williams correction applied (Sokal and
Rohlf 2012). To test for the effect of male rank on female proceptivity rates, the number
of females for whom each male was categorized as preferred was compared to rank order
among males. Because not all males had equal numbers of available female mating
partners (i.e., some of the males had mothers in the group), the number of females for
whom the male was categorized as preferred (Fpreterred) Was divided by the total number
of non-kin females (Fyon-kin) available to obtain the percentage of total females available
for whom a male is categorized as preferred.
[(Fpreferred) / (Fnon-kin)] X 100

These percentages were then compared to each male’s corresponding average rank
number using a Pearson correlation. Because it is possible that male aggression toward
females is driving female proceptivity, rate of aggression received from each male was
compared to rate of proceptivity for that male for all female — preferred male dyads using
a Spearman’s rank order correlation.

Female receptivity and denial of solicitations. To test whether rates of female
receptivity varied across males, we calculated the rate of female receptivity for each male

and compared the mean value (total rate of female receptivity divided by number of
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available females for each male) across males using a Goodness of Fit G test with
Williams correction applied (Sokal and Rohlf 2012). In order to examine the effect of
female rank on rate of receptivity, we compared female rates of receptivity to their
corresponding rank number using a Spearman’s rank order correlation. To test whether
successful denial of solicitations for copulations from non-preferred males varied across
females according to rank, we calculated each female’s percentage of successful denials
across non-preferred males by totaling the number of times that a male solicited a female
(tsolicitations ), subtracting the total number of times that female was receptive to that male’s
solicitations (Rgyccess), and dividing this number by (tsolicitations ):

[ (tsoticitations — Rsuccess) / tsolicitations ] X 100
and then comparing the percentage to the corresponding female’s average rank number
across the study periods using a Spearman’s rank order correlation. Because it is possible
that male aggression toward females is driving female receptivity, rate of aggression
received from each male was compared to rate of receptivity for that male for all female —
non-preferred male dyads using a Spearman’s rank order correlation.

Coalitionary and direct sexual coercion. In order to determine if there was a
relationship between target rank and rate of direct sexual coercion received, rates of
coercion received were compared to female rank for each study period. To examine
whether performance of direct sexual coercion was evenly distributed or skewed across
males, frequency of performance of direct sexual coercion events was compared across
males using a Goodness of Fit G test with Williams correction applied (Sokal and Rohlf

2012). To test whether or not performing direct sexual coercion was dependent on
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presence of the actor’s mother, frequency of performance of direct sexual coercion
without the mother of the actor present was compared to frequency of performance of
direct sexual coercion with the actor’s mother present using a Goodness of Fit G test of
independence (Sokal and Rohlf 2012). Finally, to test whether or not direct sexual
coercion success was dependent on coalitionary support, frequency of success with and
without coalitionary support was also compared using a Goodness of Fit G test of
independence (Sokal and Rohlf 2012).

Cortisol and coercion. To test the potential stress effects of receiving aggression
and direct sexual coercion from males, urinary cortisol values were measured several
times during each study period for each female and mean values were compared to rates
of aggression and direct sexual coercion received from males. Like humans, circulating
cortisol values in bonobos exhibit a pattern of diurnal fluctuation, where, on average,
values are highest in the morning (AM) and fall steadily throughout the day into the
afternoon and evening (PM) (see Squires 2016). Chronically elevated PM values are
thought to reflect frequent exposure to environmental stressors (Dickerson et al. 2004)
and therefore rates of aggression and direct sexual coercion received were also compared
to the difference between mean AM (0600-1159 hours) and mean PM (1200-2200 hours)
values for each female for each study period using a Pearson rank correlation.
Furthermore, to test the short-term effects of exposure to direct sexual coercion on
cortisol values, PM urinary cortisol was measured, where possible, for females targets on
days they received direct sexual coercion and compared to mean PM values for that

female for that study period using a paired #-test (Sokal and Rohlf 2012).
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RESULTS
Female Proceptivity

There were 437 sexual interactions classified as copulations during the course of
this study and, on average, females initiated 46.5% of copulations across all males. Rates
of proceptivity varied across females with an average rate of 0.0446 times per
observational hour (range: 0.0037-0.1590; SD=0.0524). Patterns of female proceptivity
are summarized in Table 2 and show that rates of female proceptivity varied across
males.

Table 4.2. Rates of female proceptivity and male status per female, P=preferred,
NP=non-preferred, and N=neutral; and rates of female receptivity across males

Table 4.2: Rates of female proceptivity and receptivity and male status

Average Proceptivity Receptivity Male Status
Females Rank Mean Rate Mean Rate Bila-Isia = Donnie Jimmy  Gander Maiko Toby
Unga 1 0.001538462 0.002197802 P N NP -- NP NP
Ana Neema 2 0.000731261 0.006946984 = P NP NP NP NP
JoT 3 0.011659808 0.004801097 P NP NP NP NP NP
Susie 3.25 0.004154728 0.004297994 P -- NP NP NP NP
Lady 4.25 0.002411576 0.006028939 P NP NP NP NP NP
Sukari 5 0.026431718 0.021659325 P P NP N NP NP
Gilda 5 0.002923977 0.004020468 = P NP P NP NP
Lola 6 0.012757202 0.011111111 P . NP P NP --

Female Receptivity

Average Mean Rate
Males Rank Across All Females
Bila-Isia 1.25 0.011158603
Donnie 1.75 0.010266629
Jimmy 3.25 0.003009234
Gander 4.5 0.023240614
Maiko 4.5 0.000867107
Toby 5.75 0.002797429
Note: '--' indicate related dyad; P=preferred, NP=non-preferred, N=neutral

The alpha male received solicitations from females significantly more frequently
than expected, whereas all other males received solicitations from females significantly
less frequently than expected (G=27.4207, df=10, p<0.01; Table 4.2). Furthermore, the

alpha male was categorized as a preferred male for all females (Table 4.2, Fig. 4.1a) and
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the number of females for whom each male was categorized as a preferred male was
significantly positively correlated with average male rank (Pearson: R’=0.661, df=4,
p<0.05). Rates of proceptivity among females were compared to rates of aggression from
males for each male-female dyad where the male was categorized as a preferred male for
that female (N=11). There was no significant correlation between rates of proceptivity
and aggression received across all possible dyads (Spearman: R*=0.7904, df=10,

p=0.7966, Fig. 4.2).
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Fig. 4.1. Percentage of available females for whom the male was categorized as
preferred, non-preferred, and neutral across males; males are arranged according to
average rank with highest to the left and lowest to the right
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Fig. 4.2. Rate of female proceptivity by rate of aggression received from males; each
point represents a dyad of a female and a male categorized as preferred for that female
and the corresponding rates of female proceptivity and aggression received from that
male
Female Receptivity

Males, on average, initiated 53.7% of copulations across all females. Rates of
receptivity varied across females with an average rate of 0.4273 times per observational
hour (range: 0.0110-0.1300; SD=0.0376) and were not significantly correlated with mean
female rank (Spearman: R*=0.023, df=6, p=0.3069, Fig. 4.3). Patterns of female
receptivity are summarized in Table 2 and show that rates of female receptivity varied
across males. Females, on average, were receptive to the son of the alpha female
significantly more frequently than expected, whereas mean frequency of receptivity

across females was lower than expected for all other males (G=25.461, df=5, p<0.01;

Table 4.2). Females were not always receptive to solicitations from males and we found
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that percentage of solicitations denied across males categorized as non-preferred for each
female was significantly positively correlated with female rank (Spearman: R=0.745,
df=6, p<0.01, Fig. 4.4). Rates of receptivity among females were compared to rates of
aggression from males for all possible male-female dyads where female receptivity or
male aggression was observed (N=38). A significant positive correlation between rates of
receptivity and aggression received from males was found across these dyads (Spearman:

R?=0.233, df=37, p<0.001, Fig.’s 4.5a and 4.5b).
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Fig. 4.3. Rate of female receptivity by average female rank
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Fig. 4.4. Percentage of solicitations from non-preferred males denied by average female
rank
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Fig. 4.5a. Rate of female receptivity by rate of aggression received from males; each
point represents a male-female dyad and the corresponding rates of female receptivity
and aggression received from that male
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Fig 4.5b. Rate of female receptivity by rate of aggression received from males with
outliers removed; each point represents a male-female dyad and the corresponding rates
of female receptivity and aggression received from that male
Sexual Coercion Events

During the course of the study 56 bouts of direct sexual coercion were observed.
The majority of these bouts ended in copulation between the aggressor and target (N=40).
Rates of direct sexual coercion received varied across females but there was no
significant correlation between direct sexual coercion received and female rank
(Spearman: R?*=0.166, df=14, p=0.1349, Fig. 4.6). Two females were never observed to
be targets of direct male sexual coercion, the alpha female (Unga) and a mid-ranked

female (Susie), whose son (Donnie) was the alpha male during the first year of the study

and maintained high status throughout the remaining study periods.
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Fig. 4.6. Rate of direct sexual coercion received by average female rank

Distribution of frequency of participation in direct sexual coercion also varied
across males where only two of the males were observed performing direct sexual
coercion. Assuming equal likelihood of participation, the son of the alpha female was
found to engage in direct sexual coercion significantly more frequently than expected,
whereas all other males engaged in direct sexual coercion significantly less frequently
than expected. (G=118.572, df=5, p<0.001; Fig. 4.7). The likelihood of a direct sexual
coercion event taking place was found to be dependent on group composition where
direct sexual coercion occurred significantly more frequently when the mother of the

male aggressor was present in the group than when the mother was absent (G=3.973,

127



df=1, p<0.05; Fig. 4.8). We also observed several instances of the alpha female (Unga)
providing coalitionary support to her son (Gander) during his direct coercive attempts to
copulate with females (N=11). Furthermore, the direct sexual coercion attempts (N=42)
by this male were more likely to be successful if his mother provided coalitionary support

(N=11) during the events than when she did not (G=10.490, df=1, p<0.01; Fig. 4.9).
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Fig. 4.7. Observed and expected values of direct sexual coercion performance across
males; males ordered according to average rank with highest to the left and lowest to the

right
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Fig. 4.8. Observed and expected values of direct sexual coercion performance by males
when the mother was present vs. absent
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Fig. 4.9. Success rate of direct sexual coercion attempts for Gander with and without
coalitionary support from his mother (Unga)
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Female Stress Response to Sexual Coercion and Aggression from Males

Mean urinary cortisol values were compared to rates of aggression received from
males and rates of direct sexual coercion events experienced for each female for each
study period. Rates of aggression received from males were not correlated with either
mean urinary cortisol values (Spearman: R*=0.020, df=14, p=0.3046; Fig. 4.10a) or with
mean AM-PM difference in urinary cortisol values (Spearman: R2=0.042, df=14, p=3675;
Fig. 4.10b). Rates of direct sexual coercion events experienced were also not correlated
with mean urinary cortisol values (Spearman: R*=0.046, df=7, p=0.100; Fig. 4.11a) but
there was a significant negative correlation between direct sexual coercion events
experienced and mean AM-PM difference in mean urinary cortisol values (Pearson:
R?*=0.363, df=7, p<0.05, Fig. 4.11b). We also measured, where available, PM urinary
cortisol of target females on the day of the event (after the event took place) and
compared this value to each target female’s mean PM urinary cortisol value for that study
period. We found that, on average, individual PM urinary cortisol values on direct sexual
coercion days were significantly higher than the mean PM urinary cortisol values for the
corresponding study period across females (Mean difference: 53.0704, N=28, t=5.9505,

df=27, p<0.001, Fig. 4.12).
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Fig. 4.10a. Mean urinary cortisol values and aggression received from males for each
female for each study period
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Fig. 4.10b. Mean AM-PM difference in urinary cortisol values and aggression received
from males for each female for each study period
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Fig. 4.11a. Mean urinary cortisol values and direct sexual coercion received for each
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Fig. 4.11b. Mean AM-PM difference in urinary cortisol values and direct sexual coercion
received for each female for each study period
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Fig. 4.12. Range of PM urinary cortisol values on direct sexual coercion days and range
of mean PM urinary cortisol values across females
DISCUSSION

The purpose of this study was to investigate female sexual behavior and male
aggression in light of the conflict between the hypothesis that female bonobos exhibit
continuous receptivity, in order to confuse paternity and reduce male competition and
intersexual conflict, and the evidence that mating and reproductive skew are high among
males. We summarized and proposed several conflicting but not mutually exclusive
hypotheses to explain the patterning of female mating behavior and male directed
aggression. Our results indicate that, while female bonobos exercise mate choice through
proceptive behaviors, resulting in a high degree of skew in mating success across males,

alternate male mating strategies include the use of aggressive behaviors that functionally
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constrain choice by influencing female receptivity and the outcome of solicitations for
copulation.

We found that females were not equally receptive to all males and that mating
frequency among males was not evenly distributed and do not support the hypothesis that
promiscuous mating in bonobos equates to continuous receptivity. Because of the
asymmetry in parental investment, females are expected to be more selective of their
mates in order to maximize reproductive success than are males (Darwin 1871, Trivers
1972). Recent paternity data from the wild indicate that there is high reproductive skew
among male bonobos, where the highest rank male sired the most offspring (Surbeck et
al. 2017), and we found the alpha male was solicited for copulations from females
significantly more than other males, in line with other studies on copulation frequency in
bonobos (Kano 1996). Each female in our study group, with the exception of the mother
(Ana Neema) of the alpha male (Bila-Isia), demonstrated proceptivity rates toward the
alpha male that were significantly higher than their average rate of proceptivity. This data
support the hypothesis that females prefer to mate with the highest rank male in order to
gain ‘good genes’ (Halliday 1983; Neff and Pitcher 2005; but see Qvarnstrom and
Forsgren 1998). The alpha male of this group, however, was not the only male to have
preferred status among females. Two other males (Donnie and Gander) were categorized
as preferred by some, but not all, females. Some of this distribution can be attributed to
in-breeding avoidance (see Feldman and Christiansen 1984). Both individuals (Ana
Neema and Gilda) related to the alpha male, as well as an unrelated nulliparous female

(Sukari), preferred to mate with the male who was the previous alpha (Donnie). We also
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found that the son (Gander) of the alpha female (Unga) was categorized as a preferred
male for two nulliparous females (Lola and Sukari). The nulliparous females in this group
copulated more frequently and had a greater number of males categorized as preferred
than did parous females. Nulliparous females are known to copulate more frequently than
parous females, which may function as a mechanism to establish social bonds when
immigrating into a new group (Furuichi 1989; Idani 1991; Kano 1992; Furuichi and
Hashimoto 2002) and could partially explain this trend in our data.

As discussed in the introduction, using female proceptivity alone as a proxy for
female choice can be problematic (Muller and Wrangham 2009; Muller et al. 2011).
Muller and colleagues (2009; 2011) have stressed the importance of considering the role
of aggression in influencing female sexual behavior, having shown that female proceptive
behavior is correlated with male directed aggression in chimpanzees, and hypothesize
that male directed aggression functions to constrain female promiscuity and enhance
mating exclusivity. We tested this hypothesis and found that rates of proceptivity across
females were not correlated with aggression received from preferred males. Our data
suggest that, in bonobos, this component of female mating behavior is not driven by male
aggression and functions, therefore, as a mechanism through which females actively
choose mates. However, we also predicted that if female mate choice operates unfettered
in bonobos, female receptivity should vary across males and should not be correlated
with aggression received from males and that females should be able to successfully deny
solicitations for copulations from non-preferred males. We found that, although female

receptivity varied across males, rates of receptivity were correlated with aggression
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received from males. Furthermore, we found that females were not always successful at
denying solicitations from males and that successful resistance to solicitations from non-
preferred males was correlated with female rank. Attempts to deny solicitations, however,
may be a way in which females assess mate quality (Muller and Wrangham 2009).
Muller and Wrangham (2009) argue that in order to function as a mechanism of indirect
female choice, rates of resistance should be evenly distributed across all males and that
deviation from equal distribution represents intersexual conflict in the form of direct
sexual coercion (e.g., orangutans: Knott and Kahlenberg 2007; Knott 2009). Our data
indicate that males use aggression against females to influence the outcome of copulation
attempts and that female ability to resist these attempts is, at least in part, dependent on
female dominance rank. These data partially support the hypothesis that low frequency of
sexual coercion in this species is the result of the high social status of females (Furuichi
1992; Kano 1996; Fruth et al. 1999; Paoli et al. 2009; Stumpf et al. 2011; Emery-
Thompson 2014).

Individual male opportunities to fertilize a female, however, represent a zero-sum
game and under conditions of high reproductive skew and dominance rank correlated
with mating success, lower ranking males are expected to express alternate mating
strategies such as direct sexual coercion (Trivers 1972; Dunbar 1982). As discussed
above, reports of mating and reproductive skew among male bonobos vary (Kano 1996;
Gerloff et al. 1999; Furuichi and Hashimoto 2004; Marvan et al. 2006; Paoli and Palagi
2008; Boose et al. 2012; Surbeck et al. 2017), but researchers have long hypothesized

that the low or absent levels of male sexual coercion in bonobos are the result of female-
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female coalitionary aggression against males (e.g., Wrangham 1993, Parish 1996, and
Paoli et al. 2009). Surbeck et al. (2013) report that only 2% of male aggression towards
females was followed by female coalitionary aggression against that male. Tokuyama and
Furuichi (2016) have shown that while female-female coalitions were used primarily to
retaliate against males who direct aggression at females, only 1.4% were formed towards
a ‘male who was persistently soliciting copulation’ and conclude that female coalitions
evolved as a mutual benefit that females receive from keeping male aggression in check.
It is, of course, difficult to demonstrate causation of the absence of a behavior, but the
limited data provided on female coalitionary aggression against males in the context of
mating do not represent rigorous testing of this hypothesis and are, therefore, speculative
at best. Furthermore, the observation of additional alternate male strategies thought to
facilitate male mating success, such as affiliation with females and proximity to mothers
and their social network of females (Furuichi, 1989; Hare et al. 2012; Kano, 1992, 1996;
Surbeck et al., 2011), should not preclude the use of direct sexual coercion among males
when the costs are low and likelihood of success is high.

We predicted that under conditions of high mating skew, variation in female
receptivity, and aggression correlated with mating success, males will engage in the
alternate mating strategy of direct sexual coercion during times of low likelihood of
retaliation in the form of coalitionary aggression. We observed 56 attempts of direct
sexual coercion performed by two males with a combined success rate of 71.4%. Of the
two males who engaged in direct sexual coercion behaviors, the son of the alpha female

(Gander) participated in direct sexual coercion events significantly more than any other
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male. We also observed that all but two females were targets of direct sexual coercion,
where only the alpha female and mother to Gander (Unga) and mother (Susie) of the
previous alpha male (Donnie) did not receive any direct sexual coercion. Donnie was a
high ranked male throughout the study and was often observed aggressing Gander and it
is possible that Gander was reticent to direct aggression at Susie in the context of mating
because of potential retaliation from Donnie. However, interestingly, Gander showed
very little interest in mating in general with Susie, an older, multiparous female. Gander
was instead primarily interested in mating with Lady, a low ranking multiparous female
who, at the time of the study, did not have any offspring present in the group and would
frequently and actively resist the mating efforts of this male.

Although this male’s individual rank status among males rose over the course of
the study, he never attained high dominance rank, remaining at a relatively moderate
status and was often observed deferring to other males. However, conflicts in which he
was involved were almost always met with coalitionary aggressive support from his
mother, the alpha female, who was frequently observed to engage in intense forms of
retaliatory aggression including physical contact that would often result in the wounding
of targets (unpublished data). All individuals in this group were highly deferent to the
alpha female, and she received the least amount of aggression from males during the
course of this study. Furthermore, females were found to be most receptive to her son’s
solicitations for copulations. Evidence that mothers impact the relative dominance rank
and subsequent mating success of their sons has been demonstrated in a wild population

of bonobos (Surbeck et al. 2011). It is likely that this male’s relative dominance rank was
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effectively as high as his mother’s when she was present in the party and, therefore,
reduced his likelihood of receiving retaliation for his attempts to directly sexually coerce
a female. Our data that the success rate of direct sexual coercion attempts was dependent
upon presence of the mother of the aggressor support this hypothesis.

We also observed several instances of coalitionary sexual coercion (N=11) where
the alpha female supported her son during his attempts to directly sexually coerce three
separate females, including two parous adult females (Ana Neema and Lady), neither of
whom were close associates of the alpha female (unpublished data). There are numerous
studies across taxa that demonstrate females employ mechanisms (e.g., eviction and/or
suppression of reproductive function, and aggression directed towards subordinates) to
influence the mating success of other females as a means to increase their relative fitness
contribution to the next generation (see Clutton-Brock and Huchard 2013). For this alpha
female, securing mating opportunities for her son elevates her indirect fitness potential, at
a low cost to her because of reduced likelihood of retaliation due to her high dominance
rank and reputation for wounding targets (unpublished data). Female bonobos are known
to interrupt the copulations of other females (Vervaecke and van Elsacker 2000) but this
is the first evidence, to our knowledge, of female attempt to constrain female choice,
through participation in direct sexual coercion that benefits her own indirect fitness.

Researchers have noted that, of the three identified forms of direct sexual
coercion (forced copulations, harassment, and intimidation), forced copulations occur
relatively infrequently among primates (Muller and Wrangham 2009; Paoli et al. 2009).

Observations of forced copulations are rare in chimpanzees (Goodall 1986) because of
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the high degree of promiscuous mating where females are known to mate with all of the
males during their ovulatory cycle (Stumpf and Boesch 2006; Muller et al. 2009). Given
the mounting evidence that mating and reproductive skew are high in bonobos, the
incentive to engage in mechanisms of direct sexual coercion as an alternate male strategy
may be higher in bonobos. Several researchers, however, have reported an absence of
‘coercive aggression against female in the immediate context of courtship’ (Paoli et al.
2009, p. 413, citing: Wrangham 1993; Kano 1996; Parish 1994, 1996; Hohmann and
Fruth 2003) and that females use sexual behavior as a form of appeasement to temper
aggression from males (de Waal 1995). Paoli et al. (2009) also cite anecdotal evidence
provided by Jo Thompson that describes a sequence of behaviors surrounding mating
within the context of aggression that includes females exhibiting a ‘grimacing
expression’ in the use of ‘sexual activity to appease individuals’ and their own
observations that ‘males performed strong advances toward females during periods of
high excitement but they never used their physical strength to force females into sexual
contact’ (p. 414). These descriptions do not fit the definition of ‘forced copulation,’
which requires the use of physical restraint of females in the act of mating. Observations
of direct sexual coercion in this study, however, were primarily in the form of harassment
and intimidation (as defined above). We suggest that some observations of mating during
conflict, that historically have been classified as appeasement, may be qualitatively and
functionally indistinguishable from other forms of direct sexual coercion, such as

harassment and intimidation.
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Finally, we observed the potential induction of a stress response in female victims
of sexual coercion. When targeted by males, females frequently exhibited signs of fear
such as grimacing, fleeing, and defecating. We also measured urinary cortisol values
across females and found that levels were significantly higher for individual female
targets of direct sexual coercion on days the event took place. As discussed above, Muller
and Wrangham (2009) have argued that in order for male directed aggression to qualify
as sexual coercion it must impose a fitness cost to females and environmental stressors
such as conflict with group members can elevate cortisol values and chronic exposure to
such stress can cause a dysregulation of the circadian rhythm and a disruption of the
functioning of cortisol in the body (Lupien et al. 2009; Novak et al. 2013). We found that
although rates of aggression from received from males were not correlated with a
disruption of circadian rhythm of cortisol values (as measured by mean AM-PM
difference), female rates of direct sexual coercion received were correlated with mean
AM-PM difference in cortisol values. These results suggest to us that receiving direct
sexual coercion produces a greater stress response because constraint of choice has
greater fitness implications than receiving non-sexually coercive aggression and is,

therefore, more costly to females in terms of reproductive success.

Conclusion
In conclusion, infant handling is a distinct type of affiliative behavior that
functions both as a mechanism of learning species typical maternal behaviors in young

female bonobos and in a manner that may facilitate coalition formation between handlers
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and mothers of infants. The results presented here show that while juvenile males and
females associate frequently with infants, adolescent females perform handling behaviors
significantly more than do adolescent males. Furthermore, mean OT levels were
correlated with handling behaviors in juvenile and adolescent females, but not in any
other age-sex category. Although study design did not permit the testing of the long term
consequences of associating with an infant in exchange for coalitionary support from that
infant when they reach adulthood, the results presented show a positive connection
between handling behaviors and coalitionary support of the handler by the mother of the
infant handled. Results also showed that, during some of the study periods, handlers
demonstrated a significant bias in handling related infants. Together these results on
infant handling behavior in bonobos provide strong support for the Learning-to-Mother
hypothesis, mixed support for the Alliance Formation and Kin Selection hypotheses, and
demonstrate evidence for a mechanism that may potentially contribute to the observed

lower inter-birth intervals of bonobos relative to chimpanzees.
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CHAPTER V

SUMMARY REMARKS

The objective of this dissertation was to investigate previously unstudied or
under-studied behavioral mechanisms that contribute to the unique social structure of
bonobos. The following conclusions can be drawn from the results of the studies
presented in Chapters II, III, and I'V:

1. Harassment is an important part of the developmental behavioral repertoire of
bonobos that functions to inform immatures about the nature of social
relationships, dominance interactions, and the parameters of aggression.

2. Infant handling is a frequently occurring behavior among juvenile and
adolescent bonobos that functions as a mechanism, facilitated by oxytocin,
through which immature females learn maternal behaviors, group members
form important alliances with powerful females, and may contribute to a
reduction of the inter-birth interval in bonobos.

3. Although female bonobos exercise mate choice through proceptive sexual
behaviors, male counter-strategies of sexual coercion are costly to females,
function to constrain female choice, and may include support from their

mothers, representing evidence of female constraint of female choice.
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