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ARTICLE INFO ABSTRACT

Keywords: Infant handling describes interactions between infants and non-maternal group members and is widespread
Allocare across mammalian taxa. The expression of infant handling behaviors, defined as any affiliative or agonistic
Development interaction between a group member and an infant, varies considerably among primate species. Several func-
Socioendocrinology

tional hypotheses may explain the adaptive value of infant handling including the Kin Selection hypothesis,
which describes handling as a mechanism through which indirect fitness is increased and predicts a bias in
handling behaviors directed toward related (genetic) infants; the Alliance Formation hypothesis, which describes
handling as a social commodity and predicts females with infants will support handlers during conflict; and the
Learning-to-Mother hypothesis, which describes handling as a mechanism through which handlers learn species-
specific maternal behaviors and predicts that handling will occur most frequently in immature and nulliparous
females. Using behavioral observation and data on urinary oxytocin, a neuropeptide hormone known to mod-
ulate maternal care and social bonds in mammals, the purpose of this study was to describe the pattern of infant
handling in bonobos (Pan paniscus) and to explore proposed functional hypotheses. Data show that related
infant-handler dyads occurred significantly more frequently than unrelated infant-handler dyads during some of
the study period and that handling was positively correlated with support during conflict. Data also showed that
immature and nulliparous females handled infants significantly more than other age-sex categories and exhibited
higher post handling oxytocin values than other age-sex class. The trends identified in this data set provide
insight into the role oxytocin may play in facilitating care-giving behaviors in young female bonobos and help to
narrow the focus of future research efforts, particularly those associated with the Kin Selection, Alliance
Formation, and Learning-to-Mother functional hypotheses.

Maternal behavior

1. Introduction

Group members in many species of primate exhibit a marked in-
terest in infants, particularly newborn individuals [138,141]. This
phenomenon is known as “natal attraction,” and occurs when con-
specifics approach, examine, touch, and smell the infants [63]. It has
been hypothesized that this attraction is primarily a response to the
infant being a novel object in the environment, where the sudden ap-
pearance of a new individual sparks an intense curiosity among group
members [138,141]. Although care-giving is not always coupled with
natal attraction, many species also exhibit allocare behaviors, where
individuals other than the mother assist in the feeding, carrying, pro-
tecting, and indirect provisioning of immatures, a phenomenon that is
especially prevalent in birds and mammals [30,47,125]. Several dif-
ferent terms have been used to describe this range of behaviors such as
“allomaternal care,” “allomothering,” “babysitting,” and “kidnapping.”
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While some of these terms imply specific functions and are tied to
support for different hypotheses used to explain these behaviors, others
are more vague and authors have most recently favored the term “in-
fant handling” to avoid any potential confusion that may result from
using terms tied to specific functional hypotheses [91,110,170]. For the
purpose of this paper, infant handling refers to behaviors such as
cradling, carrying, grooming (while the infant is not clinging to the
mother), and aggressing the infant, etc., which are distinct from, but
not mutually exclusive to, those associated with natal attraction (de-
scribed above). The categorization of infant handling and natal at-
traction is this manner reflects the differences in fitness consequences
that accompany the different categories of behaviors. Handling beha-
viors potentially carry both greater risk, in the form of survival of the
infant and the reproductive success of the mother, and greater oppor-
tunity to learn mothering behaviors through experience and to form
social bonds with the infant and/or mother. For example, handlers are
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better able to aggress infants they are handling than when the infants
are not clinging to their mothers, such as carrying them high into a tree
and dropping them.

Infant handling occurs across a wide array of mammalian taxa
[28,30,40,47,62,77,80,108,125,147] and the patterning and frequency
of expression of handling behaviors varies considerably across primate
species [70,157]. Many factors contribute to this variability of expres-
sion, including the type and availability of social partners, infant age
[16,62,63,90,136-138] and sex [40], the dominance rank of the mother
and handler [2,42,57,107,138], levels of agonism, relatedness between
the handler, the infant, and the infant's mother [55,73,107,136,137], as
well as the handler's age and parity ([29,103,138]; see [6] for review).
Carrying, grooming, and cradling of infants by individuals other than
the mother are common behaviors, whereas allonursing and adoption
of infants occurs much less frequently [71,116,123]. Marmosets and
tamarins perform considerable amounts of infant handling in the form
of carrying, feeding, and protection [48,117,154] and Hanuman langur
[62,98], capped langur [147], and squirrel monkey [181] infants spend
nearly equal amounts of time with handlers as they do their own mo-
ther during the first months after birth. In some species, such as langurs,
infants are handled by group members while they are only hours old
[27,62,98,146-148,165] whereas savanna baboon, rhesus macaque,
and Japanese macaque infants spend < 5% of their time with non-
mothers [103]. In addition, not all infant handling behaviors can be
categorized as affiliative. In several species of primates, aggressive in-
teractions such as physical abuse and kidnapping have been observed
[24,120,139,170].

Some of the variation of expression and patterning of infant hand-
ling can be attributed to the adaptive value of the behavior in relation
to the type of breeding system that is characteristic of a species. As Hsu
et al. [64] have noted, functional hypotheses used to explain infant
handling are often divided along two theoretically different lines: (1)
those where paternal care and cooperative breeding are obligate (e.g.
callitrichids and pair bonded species: [38,48,121,145] and (2) those
where non-maternal care is not considered essential for infant survival,
such as the socially breeding species that characterize most non-human
primates (see [91]). Although these differing theoretical lines are not
mutually exclusive, they are often considered separately according to
type of breeding system that is characteristic of a species [64].

Further teasing apart of different functional explanations is difficult
for three reasons. First, the fitness benefits and/or consequences of
infant handling are not always apparent and may involve all or some
combination of individuals (i.e. mother, infant, and/or handler). For
example, when infants are handled, mothers may obtain increased
feeding time that can result in net energy gains that can improve ma-
ternal milk quality [58,62,156]. High quality milk can increase infant
growth rates, allowing mothers to wean earlier and affording them
increased reproductive success through better infant survival and re-
duced inter-birth intervals [2,3,80,81,95,156,80]. Second, producing
concrete support for measures of fitness often requires specific findings
available only from long-term data sets that are particularly scarce and
difficult to obtain in primates. For example, young females in some
species perform the majority of infant handling behaviors (e.g. colo-
bines [6]; Chimpanzees [7]) and, while it is tempting to attribute these
behaviors to a functional component related to learning species typical
maternal behaviors, data on whether these females have infants that are
more likely to survive than the infants of females who do not often
handle infants would be needed to fully test this hypothesis. Third, the
benefits of infant handling might overlap in a manner that supports
several functional hypotheses. For example, kin-biased data may be the
result of mutually selfish interactions among kin and can support hy-
potheses based on kin selection, mutualism, and reciprocal altruism
[182]. In spite of these limitations, several functional hypotheses (de-
tailed below) have been put forth in an attempt to account for the
heterogeneity observed both within and between species and to explain
the adaptive value of infant handling in primates (see [91] for review;
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[70,101,129,145]). Although each of these functional hypotheses is
categorically distinct, they generate overlapping predictions and are,
therefore, not considered to be mutually exclusive.

1.1. Functional 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 burden of infant care and
thus providing mothers with more time to feed and groom [55,63]. 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 ag-
gressive handling behaviors [47,62,91,139,169,170]. 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 [120,135].

Hypotheses generated from the Biological Market paradigm de-
scribe infant handling as a form of reciprocal altruism not dependant on
relatedness [105,106], where individuals exchange handling behaviors
for any social commodity, such as grooming [8,42,46,57,102,159] or
potential future mating opportunities [18,65,84]. 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 [62,147]; 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 support during con-
flicts at some time in the future [26,91,94].

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 [32,62,79,99,125]. There is considerable support for this hy-
pothesis in species across numerous taxa, (scrub-jays: [180]; pinnipeds:
[125]; gerbils: [132]; tamarins: [155]; and vervets: [32]), where gen-
erally females demonstrate the highest rates of infant handling
([19,23,59,103,110,141,183]. Data supporting the Learning-to-Mo-
ther hypothesis in primates is relatively scarce, however, and can be
partially attributed to the methodological limitations (described above)
associated with studying long-lived species.

To compensate for these limitations, researchers have begun to use
novel methods to generate variables that are less temporally con-
straining and to help narrow the focus of future research. For example,
fecal stable isotopes have been used to determine the contribution of
maternal milk to infants' diets as a measurement of the effect of
handling on maternal lactation effort and speed with which weaning
occurs [7]. Another potential variable of value is the hormone oxytocin,
a known mediator of maternal care behaviors in mammals (see
[34,76,111,150]). Despite numerous studies describing the role of
oxytocin in facilitating these behaviors (e.g. [34,76,111,113,150]), the
relationship between oxytocin and infant handling is not known but has
the potential to inform future studies designed to test functional hy-
potheses on the adaptive value of this complex behavior.

1.2. Oxytocin

Oxytocin, along with other neuropeptide hormones, functions as a
modulator of complex social behavior and social cognition in mammals
[88]. Produced by the hypothalamus and stored and secreted by the
pituitary gland, oxytocin acts primarily as a neuromodulator in the
brain where, once released centrally, 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. Oxytocin has
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long been recognized for its functions in several aspects of reproduction
including parturition, lactation, and mating [20,43,177] and has also
been associated with the regulation of social behaviors (see [9,34,100]
for review) such as anxiety and affiliation [68,69,178], interpersonal
trust [163], recognition of emotions and empathy [66,89,114,126],
pair bonding in monogamous species [67,69,130,133,143], and social
bonding and food sharing in chimpanzees [25,179].

Research has also focused on the role of oxytocin as a key neuro-
modulator of care-giving, responsible for the facilitation and main-
tenance of maternal behaviors [34,76,111,113,150] and studies on
animal models have significantly advanced our understanding of the
neuroendocrine pathways and acute neuromodulatory effects of oxy-
tocin on behavior. For example, injection of oxytocin stimulates the
onset of species-specific maternal behaviors in rats [112]. In mice,
variations in lactation-induced oxytocin levels have been found to
correspond to variations in maternal behaviors [41] and administration
of oxytocin has been found to suppress rates of infanticide and si-
multaneously increase care-giving behaviors [96,97]. In female sheep
(ewes) central injection of oxytocin has been found to rapidly stimulate
species typical maternal responses [75], while the administration of
peridural anesthesia, which blocks the normal rise in cerebrospinal
fluid (CSF) concentrations of oxytocin, was found to inhibit onset of
maternal behaviors [87]. In rhesus macaques, researchers have found
that variations in maternal behaviors, such as time spent grooming and
nursing, are associated with variations in circulating oxytocin [92].
Oxytocin has also been implicated in the modulation of maternal be-
haviors in humans, particularly during pregnancy and the postpartum
period. For example, peripheral oxytocin levels rise and remain high in
pregnant and parturient women [35,52-54,86] relative to non-preg-
nant women [35,52]. Researchers have also found that oxytocin levels
during pregnancy are predictive of maternal behaviors such as infant
gaze, vocalizations, positive affect, and affectionate touch during the
postpartum period [35] and mothers who exhibit a pattern of rising
oxytocin during pregnancy and the early postpartum period self-re-
ported stronger attachment to offspring [86]. In addition, higher oxy-
tocin levels are associated with greater infant affect synchrony and
social engagement [36,37].

Alongside the data on oxytocin's acute neuromodulatory effects,
research is also being done on the organizational effects of oxytocin on
the brain and its contribution to the development of species-specific
behaviors salient to survival and reproductive success. Referred to as
the “organizational/activation hypothesis,” exposure to certain hor-
mones during both perinatal and peripubertal development is critically
important for sexual differentiation of the brain and behavior in adult
individuals [115,134]. Experiments on rodents show that manipulation
of oxytocin levels during early postnatal development affect pair bond
formation in females, affiliative behaviors in males, sexual behavior in
both males and females, and may play a role in facilitating social in-
teractions in both males and females during peripubertal development
(see [184] for summary), although researchers acknowledge that more
work is needed to fully understand the organizational effects of ex-
posure to oxytocin during development.

1.3. Objective

Although male-immature interactions have been studied in gorillas
[127,128] and cases of adoption of orphans have been reported in some
species of primates [10,12,60,109], relatively little is known about the
social, demographic, and ecological factors that affect the expression or
absence of infant handling in great apes. The most detailed studies
come from chimpanzees where natal attraction and infant handling
occur with varying frequency across sites (e.g. [7,63]), which may be
the result of an underreporting of the behavior. Recently, however, the
incorporation of molecular techniques has produced some promising
insights into the adaptive value of infant handling in this long-lived
species. Badescu et al. [7] have shown, through the use of fecal stable
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isotope analysis and behavioral observations that in addition to nursing
less often, milk contributed less to the age-specific diets of infants who
were handled more frequently than infants who were handled less
frequently. These results indicated that the speed with which infants
were being weaned was inversely related to the amount of allocare
infants received, which may influence the length of lactational ame-
norrhea in mothers and possibly reduce inter-birth interval times
through earlier resumption of cycling.

Infant handling, to our knowledge, has not yet been studied in bo-
nobos, a species closely related to chimpanzees. Bonobos, like chim-
panzees, are a male-philopatric species that exhibit a multi-male multi-
female fission-fusion community structure [5,11,72,104,171] where
females generally disperse during adolescence [31,45,72,151] and
reach the age of first parturition around 13-15years [151]. Female
bonobos can occupy the highest rank positions within the group
[44,50,149,152] and are known to form female-female coalitions
[160,174] and strong bonds with both males and females [61,173].

The purpose of this paper was to use a combination of hormonal
data, behavioral observations, and known kinship and dominance
hierarchy data to 1) describe the basic pattern of occurrence of infant
handling in bonobos, and 2) to compare trends in the hormonal data
and in the expression of infant handling behaviors to the predictions
generated by the proposed functional hypotheses. We then used the
trends identified to pinpoint which hypotheses are likely to yield
fruitful results in areas of future research where direct measures of
fitness (i.e. inter-birth intervals, number of surviving offspring, etc.) are
available to more fully test these hypotheses.

1.4. Predictions

The Kin Selection hypothesis assumes that infant handling beha-
viors provide a net positive fitness benefit for mothers, infants, and/or
handlers. If kin selection affects the expression of infant handling in
bonobos, we expected that: 1) positive handling behaviors would occur
significantly more frequently than negative behaviors; 2) individuals
would handle related infants significantly more frequently than un-
related infants; and 3) although oxytocin is known to mediate kin-based
care-giving behaviors between mothers and infants, we expected that
oxytocin would not show a relationship to handling behaviors because
handlers are, by definition, individuals other than the mother.

The Reproductive Competition hypothesis assumes that infant
handling reduces the reproductive success of females not related to the
handler by negatively impacting the survival of the infants. If handling
functions as a competitive behavior among female bonobos, we ex-
pected that: 1) negative handling behaviors would occur significantly
more frequently than positive behaviors; 2) individuals would direct
handling behaviors toward unrelated infants significantly more fre-
quently than related infants; 3) females would handle infants sig-
nificantly more frequently than males; 4) adult females would handle
significantly more frequently than adolescent or juvenile females; 5)
because lower ranking individuals have less social power than higher
ranking individuals, we expected that infants of lower-ranking females
would be handled significantly more frequently than higher-ranking
female; and 6) because oxytocin mediates the formation of social bonds
through affiliative behaviors, we expected that oxytocin would show
either no relationship or a negative relationship to handling behaviors
among parous females.

The By-Product hypothesis does not ascribe any adaptive value to
infant handling and assumes the behavior is a consequence of proso-
ciality and the processes responsible for the onset of maternal behavior
in females. If these processes function to prime female bonobos to be
attracted to and respond to infants in a manner that simulates maternal
behavior, we expected that: 1) positive handling behaviors would occur
significantly more frequently than negative behaviors and 2) females
would handle significantly more frequently than males. Furthermore,
an alternate By-Product hypothesis suggests that because previous
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experience and the hormones circulating during pregnancy prime ma-
ternal brains (e.g. [83]), we expected that: 3) parous females would
handle more frequently than nulliparous and immature females and 4)
because oxytocin mediates maternal behaviors, we expected that oxy-
tocin levels would be positively related to handling behaviors in parous
females and not in any other age-sex class.

The Biological Market model assumes that infant handling is a
commodity that individuals perform in exchange for other social
commodities, including reciprocal handling (Reciprocity hypothesis)
and coalitionary support during conflict (Alliance Formation hypoth-
esis). If infant handling is a commodity shared between female bonobos
with infants, we expected that: 1) positive handling behaviors would
occur significantly more frequently than negative behaviors; 2) parous
females would perform handling behaviors significantly more fre-
quently than other age-sex categories and would exchange the service
of handling each other's infants; and 3) because reciprocity implies an
equitable exchange and females would therefore be expected to provide
similar maternal behaviors to both their own offspring as well as the
offspring of reciprocity partners, we expected that oxytocin would be
positively related to handling in adult females with infants, but not
other age-sex classes. If infant handling is a commodity exchanged for
support during conflicts in bonobos, we expected that: 1) the infants of
higher-ranking females would be handled significantly more frequently
than lower-ranking females; 2) handling behaviors would be positively
correlated with agonistic support from mothers not related to the
handler during conflicts involving the handler; and 3) although oxy-
tocin may potentially mediate alliance formation indirectly through
mechanisms of social bonding such as grooming between coalition
partners, it is unlikely to mediate bonding through a third party (the
infant being handled) and, therefore, we expected no relationship be-
tween oxytocin and handling behaviors.

The Learning-to-Mother hypothesis assumes the adaptive value of
infant handling is increased survival rates of infants of females who
gain knowledge of species-appropriate maternal behaviors through
handling infants before their first parturition. If infant handling func-
tions as a mechanism to provide nulliparous female bonobos the op-
portunity to learn species appropriate maternal behavior, then we ex-
pected that: 1) immature and nulliparous females would perform
handling behaviors significantly more frequently than other age-sex
categories; 2) positive handling behaviors would occur significantly
more frequently than negative behaviors; and 3) in addition to facil-
itating maternal behaviors in parous females, if oxytocin also functions
to facilitate the simulation of maternal behaviors within the context of
learning species-appropriate behaviors, we expected that oxytocin
would be positively related to handling behaviors in immature females
and not in other age-sex categories.

2. Methods
2.1. 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) (Table 1). Daily observations usually began
around 0730 h and ended between 1300 and 1700 h 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 (54.8m? 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 natur-
alistic outdoor public viewing exhibit (57.9m X 45.7 m, 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
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were allowed access to each other each morning and parties were set
based mostly on individual bonobo association preferences. This man-
agement 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 infants had abundant opportunity to interact with all individuals in
the entire colony (see [13] for description).

Kin relationships were defined as those between related individuals
and included mothers and offspring, fathers and offspring (determined
by genetic testing conducted by CZA), and full and half (both paternal
and maternal) siblings.

2.2. Age classifications

The individuals of this study where classified according to the de-
tailed descriptions of age-class characteristics of bonobos given by
Thompson Handler et al. [185]. For example, Thompson-Handler et al.
[185] described an infant as an individual that ‘keeps in frequent
proximity to mother; commonly rides ventrally but also may ride dor-
sally during progression; nurses frequently’ and a juvenile as an in-
dividual ‘no more than half [the] size of [an] adult; generally in-
dependent 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: in-
fant = 0 to < 3 years; juvenile = 3 to < 8 years; adolescent I = 8 to <
10 years; adolescent II = 10 to < 13 years; and adult =13 years. These
age classes vary slightly from what was reported for a wild population
of bonobos (see [56,72]), where infants are sometimes categorized as
individuals O to < 4 or < 5, and may reflect the accelerated develop-
ment 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 func-
tioning; 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 [186,151].
Individuals referred to as “immatures” include both juveniles and
adolescents, and since all adult females in this group were parous, fe-
males referred to as “nulliparous” are all adolescent females who have
never given birth.

Over the course of the study, several immature individuals changed
age categories. For example, during the 2011 season there were 2 in-
fants (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 be-
came an adolescent I and 1 adolescent I female became an adolescent II,
etc. (see Table 1). 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
[72,104,171], 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 1).

2.3. Behavioral observations

Data were collected using all occurrence sampling of infant hand-
ling and agonistic events [1]. Infant handling was defined as any af-
filiative or agonistic interaction between a group member and an infant
including cradling/holding, carrying, grooming, and aggressive beha-
viors such as pulling, hitting, kicking, biting, etc. 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 with infants
occurring solely within the contexts of play and/or conflicts involving
other group members were also excluded. For example, during conflicts
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Table 1
Group composition and rank and age class assignments of the CZA bonobo colony (2011-2015).

Subject Sex Birth year Rank Age class

2011 2012 2013 2014 2015
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 I Adol I Adol I Adult Adult
JoT F 2002 - Adol T Adol I . . .
Gander M 2003 - Adol 1 Adol 1 Adol I Adol I Adol I
Lola F 2004 - Juv Adol T :
Sukari F 2005 - . . . Adol 1 Adol I
Gilda F 2006 - Juv Juv Adol T
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

* Indicates individual transferred to another zoo.
* Indicates individual not yet transferred in to CZA.

involving mothers of infants, opponents would sometimes grab and pull
the infant while the infant was clinging to the mother and was not
scored as infant handling.

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 2min. We chose this time
frame because there were often indications that the bout was not fully
terminated 30-90 s after handling behaviors ceased (e.g. such as the
handler following, watching, and/or attempting to retrieve the infant,
and then resuming handling behaviors). We, therefore, conservatively
assigned the time of 2 min in order to account for this ambiguity that
frequently existed within the shorter time interval.

2.4. Urine analyses

2.4.1. Urine collection and storage

Urine samples were collected in accordance with CZA's existing
urine collection protocol using either a free catch method where in-
dividual 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) and were
sampled randomly throughout the day. Some samples were serendipi-
tously collected after a handling bout but not all of them (individuals
were never removed from their sub-group specifically for the purpose of
collecting urine). Samples were then immediately frozen and stored at
—20 °C until they were packed on dry ice and shipped overnight to the
Global Health Biomarker Lab at the University of Oregon in Eugene, OR
where they were stored at —80 °C until time of analyses.

2.4.2. 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 [187] 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.

2.4.3. Test of parallelism

To validate the measurement of oxytocin in bonobo urine, tests of
parallelism and accuracy were conducted using the instructions out-
lined by Brown et al. [17] in the Smithsonian's Conservation and Re-
search 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 then as-
sayed 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.) ([17], pg. 21). The
displacement curve generated by these serial dilution concentrations
was then compared to the standard curve by calculating the difference
between the slope of the line produced by a linear regression of the
serial dilution curve (y = —0.069x + 92.58) and the slope of the line
produced by a linear regression of the standard curve
(y = —0.054x + 71.55). No significant difference was found between
the two slopes (t = 0.0008, df =8, p =.9994), indicating that the
analyte measured in bonobo urine demonstrates immunoactivity of the
endogenous antigen in parallel to what was observed in the standard
solution provided by the kit manufacturer.

2.4.4. 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 pl aliquots of urine from 10 samples were pooled, di-
luted (1:4) in assay buffer, and divided into 7 aliquots. 6 of the aliquots
were spiked with 100 pl of standards such that each aliqot of sample
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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
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 [17] 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.

2.5. Data analyses

2.5.1. Analyses of variance and frequency

All data from each year of the study period (2011-2015) were
pooled unless explicitly stated otherwise. To investigate differences in
types of handling behavior, we compared the total number of positive
and negative handling behaviors using a one-way ANOVA in R (version
3.3.1)[122].

To test for effects of kinship on handling behaviors, we determined
whether a preference for handling related infants over unrelated infants
existed among handlers. The frequency of observed infant handling
bouts comprised of related dyads (e.g. a juvenile handling an infant
sibling) and unrelated dyads (e.g. a juvenile handling an unrelated in-
fant) were compared to corresponding expected frequencies based on
all possible related and unrelated dyads using G Tests of Goodness of Fit
with Williams correction applied in BIOMstat (version 3.30t).
However, because proportions of related and unrelated dyads changed
from year to year over the course of the study, as some infants changed
age-classes and became juveniles and new infants were born into the
study group (see Table 1), these data were not pooled and frequency
analyses were conducted for each study year to account for the existing
differences in availability of related infants across handlers during the
entire study period.

We conducted a two-way ANOVA to investigate the effects of age
and sex on handling rate. To account for changes in group composition
over the course of the study (e.g. three adolescent females transferred to
new zoos and a new adolescent female from another zoo was brought
into the group, see Table 1) as well as differences in number of hours of
observation, handling data for each individual for each year were first
calculated as rates using the following equation:

handling bouts/number of available infants

- = handling rate (r)

hours of observation
This rate was then used as the unit of analysis. A Shapiro-Wilk nor-
mality test revealed the handling rate data were non-normally dis-
tributed and were therefore In-transformed. We tested for the fixed
effects of age and sex, as well as an interaction between age and sex,
using R (version 3.3.1, 2015). Post-hoc planned comparisons were used
to investigate significant differences in handling rates across age classes
within sex using the R package ‘Ismeans’ [85]. These data were visua-
lized using the package ‘ggpubr’ [74].

To determine if individuals were preferentially handling the infants
of high or low ranking mothers, we compared frequency rates of
handling across all infants using G Tests of Goodness of Fit with
Williams correction applied in BIOMstat (version 3.30t). Because
number of hours of observation differed between study years, the total
amount each infant was handled was divided by the number of ob-
servation hours for each infant to obtain a rate of handling for each
infant. Assuming an equal likelihood of being handled, expected fre-
quency ratios were then entered as 1:1:1:1 [144].

2.5.2. 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, 2015).

Physiology & Behavior 193 (2018) 154-166

Linearity in the dominance rank of adults was found to be complete and
significant (Landau's h = 0.476, p < .01) and adults were ordered into
a linear dominance hierarchy and assigned a unique rank number
where 1 represents the highest-ranking individual (Table 1). 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 corre-
lations 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
[188,152,160] only counts of coalitionary support that were performed
by females (with infants) unrelated to the handler were included in the
analyses.

2.5.3. Oxytocin

In order to identify a potential relationship between oxytocin and
infant handling, baseline oxytocin values were established first for each
individual and then compared to mean oxytocin values from samples
collected after infant handling bouts. Although the exact temporal
connection between central oxytocin, where neuromodulation occurs,
and peripheral oxytocin, measured as urinary levels, remains somewhat
unclear [22], experimental studies have demonstrated that the clear-
ance rate for oxytocin is between 30 and 60 min [4] and that neuro-
peptide hormones can pool in urine within an hour [124]. We therefore
averaged the oxytocin values from samples that were collected within
one hour of no occurrences of grooming, sexual, or handling behaviors
observed in the target individual to establish baseline values. We then
averaged the oxytocin values from samples that were collected within
one hour of at least one infant handling bout and no occurrences of
additional grooming or sexual behavior in the target individual and
compared these values to the corresponding baseline values in each
target individual using descriptive statistics.

3. Results
3.1. 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 Selec-
tion, By-Product, Reciprocity, and Learning-to-Mother hypotheses all
predicted that positive handling behaviors would occur significantly
more frequently than negative handling behaviors, while the Re-
productive Competition hypothesis predicted that negative handling
behaviors would occur more frequently. We found that positive hand-
ling behaviors, such as carrying, cradling, and grooming, occurred
significantly more frequently than negative handling behaviors, such as
pulling, hitting, and biting (F = 8.71, df = 1,p < .05).
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Fig. 1. Frequency distribution of type of infant handling behavior.



K. Boose et al.

3.2. Kin bias

The Kin Selection and Reproductive Competition hypotheses gen-
erated contrasting predictions regarding kin bias in handling frequency.
The Kin Selection hypothesis predicted that infant handling dyads be-
tween related individuals would occur significantly more frequently
than between unrelated individuals and the Reproduction Competition
hypothesis predicted that infant handling dyads between unrelated
individuals would occur more frequently than between related in-
dividuals. As stated above, because proportions of related and unrelated
dyads changed from year to year over the course of the study (see
Table 1), these data were not pooled and frequency analyses were
conducted for each study year to account for the existing differences in
availability of related infants across handlers during the entire study
period. We found that for three of the study years infant handling dyads
between related individuals occurred significantly more frequently than
expected and less frequently than expected between unrelated in-
dividuals (2011: G =19.72, df =1, p < .01; 2012: G = 222.54,
df =1, p < .01; 2014: G = 31.86, df = 1, p < .01). Infant handling
dyads between unrelated individuals occurred significantly more fre-
quently than expected and less frequently than expected between re-
lated individuals for the 2013 study period (G =15.38, df =1,
p < .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 = .314).

3.3. Age-sex class distribution among handlers

All non-infant individuals were observed handling infants over the
course of the entire study period. The Reproductive Competition and
By-Product hypotheses predicted that females would handle sig-
nificantly more frequently than would males and, alternatively, that
parous females would handle infants significantly more frequently than
would immature and/or nulliparous females. The results of the two-way
ANOVA testing the effects of age and sex on handling showed that while
there was no significant difference in handling between males and fe-
males (F = 0.443, df = 1, p = .509), there was a significant difference
in handling across age categories (F = 41.465, df = 2,p < .001) and a
significant interaction between age and sex categories (F = 38.835,
df = 2, p < .001). Post-hoc planned comparisons showed that adult
females handled significantly less frequently than both juvenile
(df =54, p < .001) and adolescent (df =54, p < .001) females
(Fig. 2).

The Reciprocity hypothesis predicted that parous females would
handle infants significantly more frequently than other age-sex cate-
gories of handlers. There were no observations of reciprocal infant
handling among adult females and, as stated above, adult females did
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Fig. 2. Frequency distribution of handling behaviors across age-sex classes.
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not handle infants significantly more frequently than any other age
class (Fig. 2). The Learning-to-Mother hypothesis predicted that im-
mature and nulliparous females would handle significantly more fre-
quently than other age-sex categories of handlers and, as stated above,
we found that juvenile and adolescent females handled infants sig-
nificantly more frequently than adult females and more frequently than
adult males (Fig. 2). We also found that, although mean adolescent
female handling rate (r = 0.0928) was much higher than the mean
adolescent male handling rate (N = 2, r = 0.0080), mean handling
rates were similar for juvenile females (N = 3, r = 0.0770) and juvenile
males (N = 2, r = 0.0714) (Fig. 2).

3.4. Rank effects and coalitionary support

All infants in this study were observed being handled and no sig-
nificant difference in handling frequency was found among the infants
(G = 0.12, df = 3, p = .500), indicating that neither the infants of high-
ranking females nor the infants of low-ranking females were pre-
ferentially handled. 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 predicted that infants of lower ranking females
would be handled significantly more frequently than the infants of
higher ranking females and the Alliance Formation hypothesis pre-
dicted the opposite, where infants of higher ranking females would be
handled significantly more frequently. We found no significant corre-
lation between rank of the mother and number of handling interactions
per hours of observations for each of the infants (p = .0824, df = 2,
R? = 0.696; Fig. 3).

The Alliance Formation hypothesis also predicted that individuals
would 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 < .05, df = 26, R* = 0.128; Fig. 4).

3.5. Oxytocin

401 urine samples were collected from 18 individuals (mean
number of samples per individual = 22.27; range = 13-40) during
each year in the study period with the exception of 2011. Of the 401
urine samples assayed for oxytocin, 161 were collected from targets
within one hour of no observations of grooming, sexual, or handling
behavior and 79 samples were collected from targets within one hour of
handling without observation of grooming or sexual behavior. The
Reproductive Competition hypothesis predicted that oxytocin values
measured after handling would not differ from baseline levels or would
be lower than baseline levels and the Kin Selection and Alliance
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Fig. 3. Frequency distribution of handling behaviors received for each infant by
rank of mother.
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Fig. 4. Frequency distribution of handling behaviors performed by amount of
coalitionary support received from unrelated mothers of infants.

Formation hypotheses also predicted that oxytocin values measured
after handling would not differ from baseline levels. We found that
mean post-handling oxytocin levels were slightly higher than mean
oxytocin baseline levels across all handlers (N = 18, post handling
mean = 1319.95 pgmg ™' creatinine, SD = 195.21 pgmg ™! creatinine;
baseline mean = 1177.93 pgmg~"' creatinine, SD = 389.98 pgmg~!
creatinine). The By-Product hypothesis predicted that oxytocin values
measured after handling would be higher than baseline levels in parous
females and would not differ from baseline levels in any other age-sex
class; the Reciprocity hypothesis predicted that post handling oxytocin
values would be higher than baseline values in adult females with in-
fants; and the Learning-to-Mother hypothesis predicted that post
handling oxytocin values would be higher than baseline values in im-
mature females but would not differ from baseline levels in other age-
sex classes. We found that mean post-handling oxytocin levels were
higher than mean oxytocin baseline levels in both adolescent and ju-
venile females, and were lower than baseline levels in all other age-sex
categories with the greatest degree of negative change in adult females
(Fig. 5).

4. Discussion

The purpose of this paper was to describe the basic pattern of oc-
currence of infant handling in bonobos and to compare trends in the
hormonal data and in the expression of these behaviors to predictions
generated by the proposed functional hypotheses. It is important to
note that the variables used in this study were primarily descriptive in
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nature and that the results presented here should be considered ex-
ploratory. Despite the limitations associated with these descriptive
measures (discussed above), our data were useful in pinpointing the
functional hypotheses that should be further investigated using direct
measures of fitness such as inter-birth intervals and differential survival
rates in infants.

Although reports of infant handling in wild bonobos are scarce
[72,101], the handling of infants was a common phenomenon in this
captive group. Over the course of five study years (2011-2015) we
observed 1778 handling bouts between infants and group members
other than the mother, occurring at a rate of about two every three
hours. Our finding that infant handling may occur frequently in some
populations and not in others is somewhat similar to the reported
variation of infant handling in wild chimpanzees. While rare in some
populations (e.g. Gombe: [51,162]), infant handling occurs more often
in others (e.g. Mahale: [104]; and Ngogo: [7]). At Ngogo, some infants
may be handled frequently enough to reduce lactational effort in mo-
thers, allowing them to accelerate the weaning process for their off-
spring [7]. The unusual demographic features of the Ngogo community,
namely that females do not always transfer out of their natal group
[166,167], and the relatively high abundance of food and relatively low
seasonal variance in food availability [118,119] result in lower feeding
competition and higher presence of maternal kin. Badescu et al. [7]
hypothesize that these ecological and demographic features facilitate
infant handling behaviors through lowered female reproductive com-
petition and reduced likelihood of aggression directed at infants. Re-
laxed feeding competition and increased presence of maternal kin are
also features characteristic of our study population and may help ex-
plain the high frequency of occurrence of infant handling in the CZA
bonobos.

At Mahale, mothers preferentially select kin over non-kin to handle
their infants and the adaptive value of infant handling may be tied, at
least partially, to mechanisms of kin selection whereby handlers in-
crease their indirect fitness by handling related infants [104]. As dis-
cussed in the introduction, mechanisms of kin selection to explain the
adaptive value of infant handling have primarily been invoked in spe-
cies that practice cooperative or communal breeding [15,30], but there
are examples of kin bias in other primate species (e.g. cercopithecines
[110]). The Kin Selection hypothesis [55,63] suggests that handling
provides direct and/or indirect fitness gains to the mother and/or
handler. Mothers benefit from increased feeding time and net energy
gains, which in turn improve maternal milk quality, increasing infant
growth rates and shortening weaning times, which may decrease inter-
birth intervals, improving reproductive success. Handlers benefit their
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own indirect fitness through improved reproductive success of related
mothers and/or infants. There is considerable evidence that humans
practice extensive allocare among kin (see [78]) but direct measures of
the degree to which infant handling may provide fitness gains in other
great ape species is largely unknown. In this study population, all group
members interacted regularly with all of the infants but handlers ex-
hibited a significant bias toward related infants during some of the
study periods. Post-handling oxytocin values were not expected to
differ from baseline levels and while our data showed that post-hand-
ling levels were slightly higher than baseline levels, this trend is most
likely being driven by high post-handling levels in nulliparous and
immature females, who frequently handled related infants. These data
suggest that mechanisms of kin selection may be at work in bonobos
and future studies on the adaptive value of infant handling should focus
on the relationship between handling, weaning time, inter-birth inter-
vals, and the differential survival rates of infants who are handled by
kin and those handled by non-kin.

The Reproductive Competition hypothesis [47,62,91,139,169,170]
suggests that infant handling evolved as a mechanism of competition
between females where adult females 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 hy-
pothesis. Our data showed that the distribution of frequencies of in-
teractions 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 although post-handling
oxytocin levels were slightly lower than baseline levels in parous fe-
males, which support the Reproductive Competition hypothesis, ag-
gressive behaviors directed toward infants in the context of handling
were infrequent and usually mild (i.e. pulling on the infant). Silk [138]
has suggested that interactions categorized as negative handling be-
haviors 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 [14]
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 so-
cial contexts. The Reproductive Competition hypothesis also predicts
that the infants of lower ranking females will be handled more fre-
quently 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 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). Re-
searchers [138] 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. Furthermore, while the trends in our results can
not directly reject the Reproductive Competition hypothesis, the rela-
tively high abundance and low seasonal variation in food availability
characteristic of bonobo habitats [21,172,173,175] also suggest that
feeding competition may not be a strong selective force influencing the
frequency of negative handling behaviors and future studies that in-
vestigate alternate functional hypotheses may yield more fruitful re-
sults.
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The Reciprocity hypothesis [62,147] describes infant handling as a
social commodity exchanged between parous females whose expression
is dependent on social and demographic factors that influence oppor-
tunities for reciprocity. Our results supported the prediction that posi-
tive 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 or that post-handling oxytocin levels would be
higher than baseline levels in these females. These results are inter-
esting given the strong natal attraction and frequency of handling
among the immature female bonobos in our study group but should be
interpreted with care due to our small sample size. Future studies on a
larger population with multiple parous females with and without in-
fants and measurements of differential survival rates and weaning times
of infants and frequency of reciprocal handling would more adequately
address this question. 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
(WGCQ), reciprocal exchange of handling between females should be less
constrained than in species with high WGC because dominance re-
lationships between females are more relaxed [91]. 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 [21,93,172,173,175,176]. Although bonobos,
including those in this study population, form linear dominance hier-
archies ([149]; this population: [14]), females exhibit intrasexual social
tolerance within the context of feeding [188]. Future studies should
address whether measures of social tolerance (i.e. proximity during
feeding) and relaxed feeding competition (i.e. food abundance and
seasonal availability) are related to frequency of infant handling in
bonobos and whether they influence any differential expression of
handling frequency in parous females and other age-sex categories.

The Alliance Formation hypothesis also describes infant handling as
a social commodity, namely a service that can be exchanged for coa-
litionary support during conflicts. The trends in our data offer mixed
support for this hypothesis. Our results did not support the prediction
that the infants of higher-ranking females would be handled more fre-
quently 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 fe-
males 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 [164] and in wild
populations, female coalitions also function to maintain dominance
over males [160,174]. However, coalitionary 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 [160]. While the results presented in this paper may provide
potential insight into these observations, further studies are needed to
tease apart the contribution of other measures of affiliation (i.e.
grooming and sociosexual behavior) between handlers and mothers to
isolate the connection between infant handling and the observed pat-
terning of coalitionary support.

The By-Product hypothesis posits that infant handling has no in-
herent adaptive value but is instead the result of selection for infant
responsiveness because females who respond promptly and frequently
to infant signals should make good mothers [120,135]. The predictions
generated from this hypothesis overlap with predictions generated from
the other hypotheses explored in this paper where our results supported
the prediction that positive handling behaviors should occur more
frequently than negative handling behaviors but did not support the
prediction that females should handle infants more frequently than
males. Furthermore, the alternate By-Product hypothesis predicted that
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parous females would be more attracted to and motivated to handle
infants than immature and nulliparous females as a result of the
priming effect of hormones on maternal brains (e.g. [83]). Post-hand-
ling oxytocin levels were expected to be higher than baseline levels in
parous females and our data did not show this trend. Although our data
did not support either prediction, it would be interesting to explore the
connection between parity, measures of infant responsiveness, and in-
fant survival, as well as the relationship between parity and proclivity
to handle the infants of other females to establish the adaptive value of
responsiveness to infants in bonobos and whether infant handling may
be a by-product of this reproductive consequence. In addition, while
experimental studies delineating the neuromodulaory effects of oxy-
tocin on maternal behaviors may be prohibitively difficult and ethically
questionable, more studies using non-invasive techniques are needed to
differentiate the types of behaviors (i.e. maternal, sexual, affiliative,
etc.) connected to the endogenous oxytocin system.

The trends in our data also provided some 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. Primate infants, particularly among
the great ape species, take a long time to develop and reach maturity
(see [82,151]). 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 [161]. In spite of the observation of widespread natal at-
traction across primate species, as well as the apparent adaptive value
that infant handling can afford to nulliparous females, there is rela-
tively little actual support for the Learning-to-Mother hypothesis in the
form of direct measures of fitness variables such as inter-birth intervals
and infant survival rates. For example, through the use of longitudinal
data on a captive group of vervet monkeys, [32] was able to demon-
strate a connection between allocare and reduced inter-birth intervals
in the mothers and increased survival in first live-born among handlers
providing allocare. What many studies have been able to show, how-
ever, are that mechanisms of Learning-to-Mother may be at play
through descriptive accounts of the expression of handling behaviors
and the patterning of handling behavior across age-sex classes. For
example, at Mahale, nulliparous adolescent females are the most fre-
quent handlers, although adult males also show interest in handling
infants, albeit to a lesser degree [104]. Our results supported the pre-
dictions 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 as immature
males were also frequently observed handling infants (Fig. 2). Our data
support the prediction that post-handing oxytocin levels should be
higher than baseline levels in nulliparous and immature females and
not in other age-sex categories. While this result highlights an intri-
guing area of potential research, more studies differentiating between
types of behaviors and their relationship to oxytocin are needed in
bonobos. For example, oxytocin is thought to facilitate the formation of
social bonds among non-kin in chimpanzees [25] and it is possible that
infant handling, particularly among non-kin individuals, represents a
type of social bonding behavior. Our result showing that post-handling
levels are only elevated in nulliparous and immature females, however,
suggested to us that infant handling alone may not be functioning as
mechanism of social bonding in bonobos. It is interesting, however, to
consider the role interactions with infants may play in influencing so-
cial relationships in bonobo society. Females often occupy powerful
positions in the group hierarchy and the infants of high-ranking females
in particular may represent a type of social passport that provides less
socially well-connected or peripheral group members the opportunity
to form social bonds and coalitionary alliances with these females.

In conclusion, the trends in our data showed that infant handling is
a frequently expressed behavior performed mostly by nulliparous and
immature females in this study population. The exploratory data
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presented here offer support for some of the predictions outlined in the
introduction, namely those generated by the Kin Selection, Alliance
Formation, and Learning-to-Mother hypotheses and provide direction
for future studies. While long-term studies incorporating direct mea-
sures of fitness are necessary to confirm the assumptions of most of the
functional hypotheses, molecular techniques such as the fecal stable
isotope data from field studies at Ngogo [7] as well as the incorporation
of hormonal measures such as the oxytocin data presented in this study
can help refine our understanding of the physiological and behavioral
pathways through which the adaptive value of infant handling is ex-
pressed. The data presented here also offer further insight into the
complex social dynamics of bonobos and can inform our understanding
of the behavioral repertoire that may have been present in the last
common ancestor. Relative to the other extant great ape species,
modern humans exhibit markedly increased levels of allocare behaviors
that are part of a suite of adaptations that reduce the energetic demands
of care-giving and contribute to our relatively low inter-birth intervals.
While the adaptive value of infant handling in non-human primates is
continuing to be investigated through the testing of functional hy-
potheses, data demonstrating the capacity for these behaviors are an
important tool for understanding the evolution of mechanisms that
contribute to reproductive success in humans and our hominid ances-
tors.
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