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ABSTRACT

Female mammals invest heavily in reproduction, and theory and empirical research indicate
that two factors influence their fitness. First, females require food to reproduce and mothers
should compete for access to food resources. Second, recent research indicates that in group-
living species, females who form strong social bonds with each other reproduce more than do
females who are unable to forge similar relationships. Therefore, females must meet both
nutritional and social needs in order to reproduce successfully. Understanding the complex
relationship between reproduction and socioecology promises to shed light on how evolution
shapes the behavior of mothers.

Although mothers face a common set of challenges involving competition and affiliation,
evidence indicates that within species, not all mothers are the same. One factor, parity, affects
females in diverse taxa, including primates, carnivorans, and cetaceans. Due to their
inexperience, primiparas, mothers raising their first offspring, face several challenges not
experienced by multiparas, mothers with two or more offspring. As a result, primiparas behave
differently than multiparas in several contexts.

Chimpanzees are an excellent species to investigate whether and how female behavior varies
with parity. Chimpanzees have long life spans and first-time mothers live together with
multiparas in multi-female, multi-male, fission-fusion communities. I investigated the

relationship between parity and behavior by conducting a 15-month study of female chimpanzees
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living in a large community at Ngogo in the Kibale National Park, Uganda. The study took place
during a period when the community grew in size due to several females giving birth to their first
offspring. This produced an ideal situation to compare the behavior of mothers who differed in
parity. Specifically, I tested the prediction that primiparas and multiparas behave differently. To
determine how females compete with one another, I examined space use and intrasexual
aggression, both of which influence access to food. To examine female social bonds, I analyzed
observations of how females associated and groomed one another.

Females at Ngogo utilized small, overlapping home ranges within the larger community
territory. Home ranges differed in size, but there was no evidence that parity affected this
variation. As has been reported in several other chimpanzee communities, mothers were often
aggressive toward adolescent nulliparas. Additional analyses revealed that female aggression
varied with parity; primiparas displayed more aggression toward adolescents than did multiparas.
Regarding affiliation, mothers mainly spent time and groomed with other mothers, rather than
with adolescent nulliparas. A closer examination of mothers, who differed in parity, showed that
primiparas groomed with nulliparas more often than did multiparas.

In sum, results of this thesis indicate that behavioral differences existed between primiparous
and multiparous female chimpanzees. These differences involved mothers’ social interactions
with adolescent nulliparas in competitive and affiliative contexts. These results emphasize the
importance of examining parity because considering mothers as a single category can mask
important behavioral variation. These results also indicate the importance of examining the lives

of primiparas in order to understand how evolution has influenced the behavior of mothers.



CHAPTER 1

INTRODUCTION

Female primates invest heavily in reproduction via gestation, lactation, and providing
extended care for dependent offspring. Because of this, female reproduction will be affected by
the ability to convert food into offspring, and as a consequence, mothers should compete for
access to food resources (Trivers 1972). In addition to feeding competition, group living poses
challenges for female reproduction. In gregarious species, females must integrate themselves into
the fabric of the group and develop and maintain social relationships to reproduce successfully.
Recent research indicates that females obtain long-term fitness benefits by forging close
affiliative bonds with other individuals (reviewed in Seyfarth & Cheney 2012). Together,
ecological and social demands create selective pressures on mothers that involve competition and
affiliation. To understand how evolution has shaped the behavior of primate mothers, it is
necessary to explore the complex relationship between reproduction and socioecology.

While primate mothers face a common set of ecological and social challenges associated
with reproduction, additional observations suggest that they differ in an important manner.
Parity, or the number of offspring a female has borne, affects mothers in different ways across an
array of species. Primiparas, mothers who have given birth to only one offspring, are negatively

affected by processes that are not experienced by multiparas, mothers who have borne two or



more offspring. First, primiparous females are young and are likely to be investing in their own
growth and maturation (Bercovitch et al. 1998; Setchell et al. 2002; Rah et al. 2008). Second,
primiparas are physiologically immature, which can reduce the efficiency of lactation (Hinde et
al. 2009). As the result of their relatively poor quality, first-time mothers may forego investment
in personal growth (humans, Rah et al. 2008; Pauli et al. 2013) or prolong lactation (rhesus
macaques (Macaca mulatta), Hinde et al. 2009).

Studies of primates and nonprimate mammals show that behavioral differences also exist
between primiparas and multiparas. These differences often involve primiparas’ relative lack of
experience. In some species, primiparas are less competent at interacting with their infants, and
they provide reduced or inconsistent care compared to multiparas (prairie voles (Microtus
ochrogaster), Wang & Novak 1994; domestic dogs (Canis familiaris), Guardini et al. 2015).
Primiparas’ lack of social experience may cause them to interact differently with peers than do
multiparas. Primiparous female brown bears (Ursus arctos) have less knowledge of local
dominance hierarchies compared to multiparas and may be less efficient in defending their cubs
against infanticidal conspecifics (Zedrosser et al. 2009).

Understanding primiparity is important, as this life history stage marks the beginning of a
female’s reproductive career. In addition, experiences during primiparity can have consequences
for lifetime reproductive success (Stearns 1992). Examining differences between primiparas and
multiparas is informative because selection pressures and trade-offs between growth,
maintenance, and reproduction are expected to change with maturation (Skogland 1989; Stearns
1992). Comparing the behavior of primiparas to multiparas can help reveal the challenges first-
time mothers face. This area of study is particularly pertinent to gregarious species, where

mothers both compete and affiliate with group-mates.



Chimpanzees provide an opportunity to examine how the behavior of primiparas differs from
that of multiparas. Chimpanzees have long life spans and first-time mothers live together with
multiparas in multi-female, multi-male, fission-fusion communities (Nishida 1968; Goodall
1986). This creates the possibility of comparing the behavior of females who differ in parity but
otherwise experience similar ecological conditions. In the following, I set the stage for the
questions addressed in this thesis by reviewing relevant aspects of female chimpanzee

socioecology and life history.

Female chimpanzee socioecology and life history

Female chimpanzees inhabit a communal territory, which is cooperatively defended by males
against neighboring groups (Kawanaka & Nishida 1975; Goodall et al. 1979; Nishida 1979). As
they move about their territories, female chimpanzees form temporary subgroups, or parties, that
change in size and composition (Nishida 1968; Goodall 1986). Party size is influenced by food
availability. Chimpanzees rely on a diet of ripe fruit (Nishida & Hiraiwa-Hasegawa 1987,
Wrangham et al. 1998), a limited resource whose availability fluctuates in time and space
(Wrangham 1979). Individuals form relatively large parties during periods of high fruit
abundance (Wrangham 1977; Boesch 1996; Wrangham et al. 1992; Chapman et al. 1995;
Matsumoto-Oda et al. 1998; Wrangham 2000).

Female chimpanzees typically disperse from their natal communities during adolescence
when they are around 12-13 years old (Emery Thompson 2013). After a period of sub-fecundity
of about two years, they begin to reproduce (Emery Thompson 2013). After giving birth for the

first time, females bear additional offspring at approximately 5-6 year intervals. They continue to



do so over their lifetimes, producing a total of 2-3 offspring on average (Emery Thompson
2013).

Long-term observations of female chimpanzees from several East African study sites have
revealed a set of relationships between dominance rank, resource acquisition, and reproduction.
These data indicate that female chimpanzees compete predominantly for space (Murray et al.
2007; Kahlenberg et al. 2008b; Miller et al. 2014). Mothers occupy small individual core areas
within the communal territory. Core areas overlap extensively, and female fidelity to an area is
high across years (Williams et al. 2002; Emery Thompson et al. 2007). Habitats are
heterogeneous, and high-ranking females inhabit high quality core areas with more food than do
low-ranking females, who occupy low-quality core areas. As a consequence, high-ranking
females obtain access to more food compared to low-ranking females. High-ranking females are
able to use this to their advantage and display shorter birth intervals and increased infant
survivorship compared to low-ranking females (Emery Thompson et al. 2007).

Female chimpanzees rise in rank with both age (Nishida 1989; Greengrass 2005; Kahlenberg
2006; Murray et al. 2006) and tenure in the community (Kahlenberg et al. 2008a). Adolescent
females, especially immigrants, occupy the lowest dominance ranks. Aggression between parous
females, who have established core areas, occurs rarely (Muller et al. 2002; Wakefield 2008). In
contrast, mothers often direct aggression toward adolescent nulliparas (Pusey 1980, 1990;
Nishida 1989; Townsend et al. 2007; Kahlenberg et al. 2008a; Pusey et al. 2008). Nulliparas seek
to establish their own core areas and represent a competitive threat to parous females.

Female chimpanzees have traditionally been characterized as asocial compared to male
conspecifics (Wrangham & Smuts 1980; Goodall 1986; Wrangham et al. 1992). At several sites,

females spend a large proportion of time alone, or for mothers, only with dependent offspring



(reviewed in Watts 2012). Among female chimpanzees, those with dependent offspring are the
least gregarious (Wrangham 2000; Williams et al. 2002). The social bonds between female
chimpanzees have also been described as relatively weak compared to those between male
chimpanzees (Nishida 1968; Goodall 1986; Wrangham et al. 1996). Kin selection theory predicts
that social bonds are more likely to develop between individuals who are genetically related. As
females are the dispersing sex in chimpanzees, pairs of females who live together are typically
unrelated to each other (Vigilant 2001; Langergraber et al. 2009).

Recent research has refined the traditional view of female chimpanzee sociality showing that
there is considerable variation in female affiliative behavior within and between chimpanzee
communities (reviewed in Watts 2012). Several communities report that some pairs of unrelated
female chimpanzees form strong social bonds with each other (Nishida 1989; Boesch & Boesch
2000; Wakefield 2008, 2013; Langergraber et al. 2009; Foerster et al. 2015). However, the

factors that influence the formation of these bonds are presently unclear.

Female chimpanzee parity

In literature on female chimpanzees, discussions of parity often involve comparing mothers
to adolescent nulliparas (e.g., Muller et al. 2002; Kahlenberg et al. 2008a; Watts 2007). Although
few studies have investigated whether mothers themselves differ, evidence suggests that they do.
For example, in the Kasekela chimpanzee community at Gombe, primiparous female
chimpanzees delayed subsequent births (Jones et al. 2010) and devoted more time to the care of

young infants compared to multiparas (Stanton et al. 2014). At Mahale, primiparas and nulliparas



engaged in aggression with one another more often than expected (Nishida 1989). In contrast,
aggression between multiparas occurred less often than expected.

In addition, primiparas are typically lower-ranking than multiparas. As noted above, in some
chimpanzee communities, females rise in rank with both age (Nishida 1989; Greengrass 2005;
Kahlenberg 2006; Murray et al. 2006) and tenure in the community (Kahlenberg et al. 2008a).
Primiparous chimpanzees may also be at a disadvantage as they lack familiarity with food
resources in the community territory. Such knowledge is likely crucial to female chimpanzees
(Wrangham & Smuts 1980; Williams et al. 2002), who appear to become more efficient foragers
over time (Murray et al. 2006). Taken together, the preceding observations suggest that
primiparous female chimpanzees face challenges not experienced by multiparous females in the
contexts of feeding competition and aggression. As a result, these two types of females are
expected to differ in their behavior.

I predict parity will influence the behavior of mothers in three specific ways: (1) Primiparas
are likely inexperienced competitors and less efficient foragers compared to multiparas. Faced
with feeding competition, primiparas may be forced to range more widely than multiparas to
acquire food. If primiparas are unable to obtain adequate food, it is also possible that they may
minimize their energy expenditure by ranging less widely as multiparas. In either scenario, the
individual ranges of primiparas will differ in size compared to those of multiparas. (2)
Adolescent nulliparas seek to establish individual ranges, and they likely increase feeding
competition where they settle. If primiparas are disproportionately affected by this resource
competition compared to multiparas, the former may be involved in intrasexual aggression more

often than the latter. (3) Primiparas have had less time to integrate themselves socially with other



females in the community. As a result, first-time mothers will show different patterns of

intrasexual association and grooming compared to multiparas.

The Ngogo study site

To investigate whether the behavior of mothers varied with parity, I conducted a 15-month
field study of wild chimpanzees at Ngogo in the Kibale National Park, Uganda. The Kibale
National Park is located in western Uganda (0°13'-0°41'N and 30°19'-30°32'E). The Ngogo
chimpanzees range over a 35 km® territory near the center of the Park (Mitani et al. 2010). The
first studies of the Ngogo chimpanzees took place between 1976 and 1981 (Ghiglieri 1984).
Several additional short-term projects were conducted during the late 1980°s and early 1990°s
(Wrangham et al. 1991, 1992; Grieser-Johns 1996). Long-term observations were initiated by D.
Watts and J. Mitani in 1995 and the chimpanzees have been observed continuously since then
(Mitani 2006; Mitani et al. 2000).

The Ngogo study site lies at a transition between lowland and montane rainforest and
comprises moist, evergreen forest interspersed with patches of Pennisetum purpureum grassland
(Struhsaker 1997). The Ngogo site contains large areas of old growth forest, the preferred habitat
of chimpanzees (Lwanga 2006). This habitat contains a high abundance of fruiting trees, such as
figs, which compose a large part of the Ngogo chimpanzees’ diet (Watts et al. 2012a).

The high-quality habitat at Ngogo supports an exceptionally large chimpanzee community
(Potts et al. 2009; Watts et al. 2012a). This provided a relatively large sample of chimpanzee
mothers, making Ngogo an ideal site to conduct this study. In addition, an unusual demographic

event took place, which provided a unique opportunity to observe the behavior of first-time



mothers. Between 2010-2012 the already large community grew from 157 to 190 members, an
increase of 20% over about 27 months. During this time, 31 surviving infants were born, 12 of
them to first-time mothers. These circumstances permitted a comparison between females who

differed in parity.

Goals of this dissertation

In this dissertation I test the hypothesis that the lives of primiparous female chimpanzees
differ from those of multiparas. In chapter 2, I investigate how females use space in the Ngogo
community territory. I estimate the size of individual females’ ranges and examine how these
ranges are distributed throughout the community territory. Following this, I investigate whether
parity and other reproductive factors predict the size of individual females’ ranges. Transitioning
from ranging behavior, in chapters 3 and 4 I focus on social interactions between unrelated
females. In chapter 3 I begin by examining rates of female intrasexual aggression. I compare
these rates to a prior study at Ngogo and to three studies from other wild chimpanzee
communities. Following this, I examine how often mothers directed aggression toward partners
in three different parity groups: nulliparas, primiparas, and multiparas. First, I consider mothers
of different parity together to determine how parous females, as a group, behave. I then compare
patterns of aggression between mothers of different parity to determine if primiparas and
multiparas differ. In chapter 4, I analyze affiliative social interactions between females. I
investigate how often mothers associated and groomed with partners in three parity groups:
nulliparas, primiparas, and multiparas. I examine whether primiparas and multiparas display

different patterns of affiliation with unrelated females to determine if social bonds vary with

parity.



In chapter 5, I summarize the results from chapters 2, 3 and 4. I then discuss the implications
of my findings. The specific goal of these chapters was to evaluate whether the behavior of first-
time chimpanzee mothers differs from that of multiparas. Results of my analyses indicate that
primiparous and multiparous mothers do, in fact, differ in their social interactions with other
females. My findings highlight the importance of considering parity when examining the
behavior of chimpanzee mothers. I conclude this dissertation by outlining some directions for

future research.
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CHAPTER 2

Ranging behavior of female chimpanzees at Ngogo, Kibale National Park, Uganda

INTRODUCTION

For female mammals, who invest heavily in reproduction through gestation, lactation, and
offspring care, fitness is limited by the ability to acquire food and convert it into offspring
(Emlen & Oring 1977; Trivers 1972). As they search for food, primate females restrict their
movements to a specific area, the home range, defined as the area covered during normal day-to-
day activities (Burt 1943). In heterogeneous habitats, food availability varies across the
landscape, influencing the kinds of ranges occupied by females (Ostfeld 1990; Benson &
Chamberlain 2007; Murray et al. 2007), and females are expected to compete for access to high
quality areas (Sterck et al. 1997). Variation in home range location and size can lead to unequal
division of resources among competitors, resulting in differential reproductive success (Adams
2001; Murray et al. 2007).

One important characteristic of a female’s home range is the degree of overlap with ranges of
same-sex competitors. This is greatly influenced by the abundance and distribution of resources.
When food is plentiful, the costs of feeding competition are low, and home ranges of multiple
individuals or groups can overlap (Bennett 1986; Rogers 1987). When food is limited,

individuals (or groups) may differentiate their ranging to avoid potentially costly competition
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(e.g., red squirrels (Sciurus vulgaris), Wauters et al. 2005; elephant seals (Mirounga leonina),
Field et al. 2005). For example, in high-quality habitats, individual female black bears (Ursus
americanus) had extensively overlapping home ranges, while in low-quality habitats, female
bears had little home range overlap (Powell 1986).

In addition to food availability, a female’s reproductive status is another important factor
influencing her space use. Female mammals face varying constraints during different stages of
their reproductive careers. For example, sexually receptive females range more widely than
females with dependent offspring, who are lactating (e.g., brown bears (Ursus arctos), Dahle &
Swenson 2003; orangutans (Pongo pygmaeus), Wartmann et al. 2008; chimpanzees (Pan
troglodytes), Wrangham & Smuts 1980; Goodall 1986; Hasegawa 1990; Bates & Byrne 2009).
Because lactation is the most energetically expensive period in a female mammal’s reproductive
career, females who are nursing young may not be able to range as widely as females who do not
have dependent infants. In contrast, it is also possible that females with dependent offspring are
forced to range more widely than non-lactating females, in order to access enough food to meet
their energetic requirements (e.g., roe deer (Capreolus capreolus), Tufto et al. 1996).

Traveling with dependent offspring may also influence a female’s use of space. Female
moose (Alces alces) restrict their ranging shortly after parturition. Moose mothers travel more
over time as their calves become more mobile (van Beest et al. 2011). In many primate taxa,
mothers carry young infants while traveling, which may force them to travel more slowly or
range less widely (Altmann & Samuels 1992; Ross 2000; Boesch & Boesch-Achermann 2000;
Williams et al. 2002a; Wrangham 2000). In contrast, one study of chimpanzees found that the
presence of older dependent offspring, rather than a carried infant, impeded chimpanzee

mothers’ ranging (Pontzer & Wrangham 2006). Although older infants and juveniles can travel
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without being carried, they do not travel as efficiently as adults, which is likely related to their
small stature (Pontzer & Wrangham 2006).

If the presence of infants and juveniles affects maternal ranging abilities, then it is reasonable
to hypothesize that parity, more generally, may influence female movements. There are several
reasons why it may be challenging for primiparous females (“primiparas”, i.e., mothers who
have given birth for the first time) to acquire food and nourish offspring compared to
multiparous females (i.e., females who have borne more than one offspring). First, primiparas
may not yet have completed growth, requiring them to continue investing in their own growth
and maturation (Bercovitch et al. 1998; Setchell et al. 2002; Rah et al. 2008). Second, primiparas
are also physiologically immature, which can reduce the efficiency of lactation (Hinde et al.
2009). Third, primiparas may be at a disadvantage compared to multiparas because they lack
familiarity with food resources. Such knowledge is likely crucial to females in species that rely
on a diet of fruit, a resource whose availability fluctuates in time and space (e.g., fruit bats
(Rousettus aegyptiacus), Holland et al. 2005; gibbons (Hylobates lar), Asensio et al. 2011; Order
Primates, Zuberbuhler & Janmaat 2010). Taken together, these observations suggest that, faced
with the challenges of giving birth for the first time while obtaining adequate food, primiparous
mothers may exhibit different patterns of space use than do multiparas. If primiparas are unable
to obtain adequate food, they may minimize their energy expenditure by ranging less widely as
multiparas. On the other hand, primiparas may be forced to range more widely than multiparas to
obtain adequate food.

Chimpanzees (Pan troglodytes) provide an opportunity to investigate the effects of
reproductive state on female ranging. Chimpanzees are frugivorous primates living in multi-

female, multi-male communities, whose individuals form temporary subgroups or parties
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(Nishida 1968). Community members share a territory, which males cooperatively defend
against neighboring chimpanzee communities (Goodall et al. 1979; Watts & Mitani 2001).
Females typically disperse from their natal communities during adolescence when they are
around 12-13 years old, and they begin to reproduce about two years later after integrating
themselves into their new communities (Emery Thompson 2013). Chimpanzees are long-lived,
and it is not uncommon to find immigrant nulliparas together with primiparas and older
multiparas.

Patterns of female space use vary across chimpanzee communities. In West African
chimpanzee communities, females move across the entire territory and utilize different parts
relatively uniformly (Tai: Lehmann & Boesch 2005; Bossou: Sugiyama 1988; Sakura 1994). In
contrast, parous females in several East African chimpanzee communities occupy small
individual ranges within the communal territory (Gombe: Williams et al. 2002b; Murray et al.
2007; Kanyawara: Wrangham et al. 1996; Kahlenberg et al. 2008a; Mahale: Hasegawa 1989).
Individual ranges overlap and cluster into spatial neighborhoods (Williams et al. 2002b; Emery
Thompson et al. 2007).

By concentrating space use in small individual ranges, females reduce the need for frequent
and potentially costly competition (Wrangham 1979). This is supported by observations of
female intrasexual aggression, which occurs rarely in East African chimpanzees, except in the
context of establishing individual ranges. Aggression between parous female chimpanzees, who
have established ranges, occurs rarely (Goodall 1986; Muller 2002; Kahlenberg et al. 2008a). In
contrast, parous females behave aggressively toward immigrant nulliparas (Pusey 1980, 1990;
Nishida 1989; Townsend et al. 2007; Kahlenberg et al. 2008a; Pusey et al. 2008), which may

function to prevent nulliparas from settling. Immigrants likely increase feeding competition
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where they settle, making them the primary competitive threat to parous females.

Here, I investigate the ranging behavior of female chimpanzees at Ngogo in the Kibale
National Park, Uganda. To date, relatively little is known about the ranging behavior of females
in the Ngogo community, which lies within a productive habitat and is exceptionally large
(Watts 1998; Watts & Mitani 2001; Mitani & Amsler 2003). This study took place during an
unusual period of growth in the size of the community. Between 2010 and 2012, 31 surviving
infants were born, 12 of them to first-time mothers. These circumstances permitted a comparison
of space use across females who varied in reproductive state. In what follows, I examine two
issues. First, I quantified individual ranges of nulliparous and parous females and examined how
these ranges are distributed in the community territory. Specifically, I sought to determine
whether individual females used the territory similarly or whether they displayed differences in
their use of space. Second, I analyzed whether reproductive cycle stage, parity, and the presence

of dependent offspring affected the size of females’ home ranges.

METHODS

Study site and subjects

I observed chimpanzees at Ngogo in the Kibale National Park, Uganda. The Kibale Park is

located in western Uganda (0°13'-0°41'N and 30°19’-30°32'E) and covers 795 km®. The Ngogo

chimpanzee community ranges over a 35 km? territory near the center of the Park (Mitani et al.

2010). Rain falls throughout the year with an annual mean of 1397 mm = 174 mm (N=10 years,

1998-2007; Mitani 2009). Typically, September-December and March-May are wetter than
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average, while intervening months are drier (Butynski 1990; Struhsaker 1997). At an elevation of
approximately 1350 m above sea level, the Ngogo study site lies at a transition between lowland
and montane rainforest and comprises moist, evergreen forest interspersed with patches of
Pennisetum purpureum grassland (Struhsaker 1997). Detailed descriptions of Ngogo and the
ecology of the area can be found in Butynski (1990); Ghiglieri (1984); Struhsaker (1997);
Lwanga et al. (2000).

I collected data over 12 months from August 2011 to July 2012. During this time the Ngogo
chimpanzee community had 17-20 adolescents and 50-51 adult females. I observed 31 females
with dependent offspring including 13 primiparas (mothers raising their first offspring), and 14
multiparas (mothers with two or more offspring). Four additional subjects gave birth during the
study; one transitioned from adolescence to primiparity, and three transitioned from primiparity
to multiparity, for a total of 14 primiparas and 17 multiparas by the end of the study.

In addition to the parous study subjects, I recorded observations on eight nulliparous
adolescent females. [ used the sample of nulliparous females as a comparison group for the
parous female subjects. Six of the adolescent nulliparas were natal, and two of them were
immigrants. The natal adolescent females ranged in age from 10-16 years. Because the
immigrant females dispersed into the Ngogo community from elsewhere, their histories and ages
were unknown. Although natal and immigrant adolescent females differ in several respects
(Nishida et al. 2003; Kahlenberg et al. 2008a), I treated them as a single category because they
neither lactate nor care for dependent offspring. While female chimpanzees typically disperse
from their natal communities at adolescence (Nishida & Kawanaka 1972; Pusey & Packer 1987),
some females at Ngogo do not disperse, instead remaining and reproducing there.

During the study period, the Ngogo chimpanzee community increased from 173 to 190
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members. This growth was primarily due to births, but three immigrant females contributed to
this increase by entering the Ngogo community during the course of this study. One infant died
from an inferred intra-community infanticide (K. Langergraber, unpublished data) in the eighth
month of the year-long study. The infanticide victim was a neonate born to a first-time mother.
After the infanticide I continued to classify the female subject as an adolescent nullipara, not a
primipara, because the majority of observations collected on this female took place prior to
parturition, when she was an adolescent. Also, no observations were collected during the few

days when her infant was alive. No other community members died during the study period.

Data collection

During this study, I conducted approximately 1100 one-hour focal follows (Altmann 1974)
on individual parous females. On a given day, I collected no more than two focals per individual,
with observation sessions separated by at least two hours. I recorded observations of female
space use in the community territory using a handheld global positioning system (GPS) device.
During focal observations, I recorded a location point during the first and last minute of each
focal follow. I considered a focal follow complete if the target female was in sight for at least 50
minutes. I also recorded the locations of non-focal females ad libitum as 1 encountered them
throughout the day. When recording spatial locations I noted the geographic coordinates, date,
time of day, and identity of all adult and adolescent females in association at that location.
Association was defined as all chimpanzees that I judged to be within visual range of the focal
female (Pepper et al. 1999; Mitani et al. 2002).

With the help of field assistants, I monitored adult and adolescent females’ reproductive
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cycles. Sexual swellings of females were scored daily based on turgidity, following Dahl et al.
(1991). I considered females exhibiting maximally tumescent swellings to be sexually receptive

(Tutin 1979).

Spatial analyses

My goal was to determine how females utilized space within the community territory during
normal daily activities. Female subjects sometimes participated in territorial boundary patrols
and inter-group encounters with neighboring communities. These activities can be defined using
spatial and behavioral criteria (see Watts & Mitani (2001) and Mitani & Watts (2005) for
detailed descriptions). As chimpanzees generally move outside areas of typical use during these
activities (Goodall 1986; Mitani & Watts 1999; Boesch & Boesch-Achermann 2000; Watts &
Mitani 2001; Amsler 2009), I excluded observations of females recorded during these times.

I analyzed a subset of ranging data that included one location point per female per 50-minute
time period, which was the minimum length of a focal follow. This approach is similar to prior
studies at Ngogo (Amsler 2009; Langergraber et al. 2009) in which researchers utilized one point
per individual per 30-minute time period. If I observed a female in multiple locations during a
single 50-minute time period, I used the first recorded point. After restricting the dataset to one
location per female per 50-minute period, I plotted each individual’s set of points on a map of the
Ngogo territory to delineate the area utilized.

A home range is the area utilized by an individual during normal activities, while a core area
represents the most frequently used part of the home range (Burt 1943). Studies of chimpanzees

often report the size of a female’s core area, representing the smallest area where a female
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spends a subset of her time (e.g., 50% (Murray et al. 2007) or 80% of time (Wrangham & Smuts
1980)). However, as the present study took place over a relatively short time period (one year), I
chose to calculate home range size, to avoid excluding valuable ranging information.

To estimate female home range size, I employed the minimum convex polygon (MCP)
method, a procedure that has been utilized in previous studies of female primates (e.g.,
chimpanzees: Hasegawa 1990; Boesch & Boesch-Achermann 2000; Herbinger et al. 2001;
Mitani & Amsler 2003; Williams et al. 2004; spider monkeys (Ateles paniscus chamek):
Symington 1988; orangutans (Pongo pygmaeus): Singleton & van Schaik 2001). Minimum
Convex Polygons are delineated by connecting the most peripheral ranging points in a sample
with straight lines, creating a convex polygon whose internal angles measure less than 180
degrees (Worton 1987). Prior to computing MCPs, I examined each female’s set of location
points for spatial outliers, as these greatly affect the size of MCPs (Worton 1995). To detect
outliers, I first calculated the centroid of each subject’s set of ranging points. For a set of
locations, the centroid is the arithmetic mean of all x and y values, which correspond to
measurements of latitude and longitude. The centroid represents the ‘average location’ of a
female’s ranging points. Following this, I calculated the distance between an individual’s
centroid and each of her ranging points. I then computed the mean of these distances. For a given
individual’s location points, some spatial outliers had an unusually large distance to the centroid
relative to other centroid-point distances. I defined outliers as points with a distance-to-centroid
that exceeded the mean plus three standard deviations. Although the ‘mean plus three standard
deviations’ is a rule of thumb (Sun & Chawla 2004), it approximates more complicated
algorithms designed to detect spatial outliers (Knorr & Ng 1998). Following the exclusion of

outliers, I constructed MCPs in ArcMap 10.2.2 using the minimum bounding geometry tool with
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a convex hull. I calculated each polygon’s area in square kilometers, which corresponded to an

individual female’s home range.
Home range overlap

Females in some East African chimpanzee communities form spatial subgroups known as
‘neighborhoods’ in which a subset of females have overlapping ranges located in the same part
of their community’s territory (Kanyawara: Emery Thompson et al. 2007; Mahale: Hasegawa
1990; Gombe: Williams et al. 2002b). I sought to determine whether females at Ngogo formed
spatial subgroups. To do so, I examined home range overlap by overlaying individual MCPs two
at a time on a map of the Ngogo trail system and measuring the area of overlap. I then calculated

an index of range overlap, following Kernohan et al. (2001):

where HR;; is the proportion of female i's home range that is overlapped by female j’s home
range, A;; is the area of overlap between the two females’ home ranges, and 4; is the area of
female i's home range. As individual home ranges vary in size (Williams et al. 2002b; Murray et
al. 2007), typically HR;;# HR;; (the indices are asymmetric). I measured the strength of
association between the proportion of dyadic overlap from female i’s and j s perspective. Upon
inspection, I found the indices were bimodal, rather than normally distributed. As a result, I
utilized Kendall’s tau coefficient, a non-parametric correlation procedure, to compare overlap

indices.
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To identify subgroups of females with similar space use patterns, I used hierarchical cluster
analyses implementing the unweighted pair-groups method using arithmetic averages (UPGMA,
Sneath & Sokal 1973). I used the home range overlap indices to construct a similarity matrix
between female subjects and computed squared Euclidean distances for the UPGMA analysis.
The UPGMA approach is a simple, agglomerative (bottom-up) hierarchical clustering technique
(Norusis 2012). At each step, the two clusters that are closest in distance are combined into a
higher-level cluster. The distance between any two clusters is calculated as the mean distance
between all pairs of objects in the different clusters. Here, a high index of ranging overlap
indicates similarity and a short distance between individuals. The cluster analysis produces a
dendrogram, a visual representation of the distance matrix, depicting spatial overlap between
individual females. I identified clusters of females with similar space use by determining the
cutoff points that produced well-defined clusters with the deepest branches, i.e., the greatest
distance between subsequent splitting events or clusters (Romesburg 2004). I considered females
assigned to the same cluster as belonging to a spatial neighborhood. I estimated the extent of
each neighborhood by delineating a MCP from the combined location points of all females in a
cluster (spatial outliers excluded).

Next, I sought to determine whether females used parts of the territory with varying intensity.
I overlaid a map of the Ngogo trail system with 100x100-m grid cells. I projected the location
points of all females onto the gridded map and summed the number of points that fell within
each cell. I classified females’ usage of each cell according to this sum, using the ‘natural breaks’
method (Jenks 1967). This resulted in three classes of intensity of use: low (1-12 points),

medium (13-42 points), and high (43-138 points).

26



Following this, I investigated factors that might have affected the size of females’ home
ranges. | modeled home range size using a series of generalized linear models (GLM1). I
included two predictor variables that apply to both adolescent nulliparas and parous females:
reproductive cycle stage and parity (Table 1). I also included neighborhood affiliation as a
predictor, as studies from other communities indicate that female ranging patterns and food
availability can vary among neighborhoods (Williams et al. 2002b; Emery Thompson et al.
2007). Lastly, I included the number of location points per female as a predictor because home
range estimates can be influenced by the number of observations in a sample (Bekoff & Mech

1984; Seaman et al. 1995).

Table 2.1. Summary of predictor variables for models predicting home range size (GLM1)

Variables Categories

1 | Reproductive cycle | Cycling; lactation 1 (0 — 6 months); lactation 2 (6 months —
stage weaning); transition from pregnancy to lactation

2 | Parity Nulliparous, primiparous, multiparous

3 | Neighborhood Central, West

4 | Number of location | -
points

I built GLMs representing all combinations of predictor variables and compared them using
Akaike’s Information Criterion with correction for small sample sizes (AICc). I also compared
models using Akaike model weights (Burnham & Anderson 2002). I report model-averaged 3
coefficients and standard errors for each predictor across the three top models (i.e., for which
summed AICc weight > 0.95).

I classified all adolescent nulliparas as ‘cycling’. This included four natal adolescents who

had not yet displayed maximal swelling size (see Pusey 1990). I classified parous subjects as
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‘cycling’ only if they cycled during the majority of the study. The energetic burden of lactation is
especially high in chimpanzees during the first six months following birth (Emery Thompson et
al. 2012). As a result, I divided lactation into two stages: birth to six months (‘lactation 1’), and
seven months to weaning (‘lactation 2”). I categorized mothers in the ‘lactation 1’ category only
if the entire six-month period occurred during the study (i.e., only females who gave birth at the
beginning or middle of the study year could exhibit lactation 1). I also conducted analyses with
lactation condensed into a single category. Results of this analysis did not change the overall
outcome of findings generated by dividing lactation into two categories. In what follows, I report
results with lactation divided into two categories.

During the study, four females transitioned between parity groups. One primipara gave birth
to her second infant in the third month of the study and I classified her as a multipara. Three
additional females transitioned categories halfway through the study (one from nullipara to
primipara, and two from primipara to multipara). I categorized these females in the parity
category to which they transitioned (but utilized individual ranging data collected throughout the
study). However, as the categorization of the three latter females is somewhat arbitrary, I
repeated the analyses with the three “ambiguous” transitioning females in the parity group from
which they transitioned. This did not change the overall outcome of results. I also investigated
the effect of neighborhood affiliation, as it is possible that range size is influenced by factors
specific to a neighborhood.

Next, I conducted a second set of GLMs (GLM?2) examining the factors that influence home
range size using only parous subjects. I sought to determine whether traveling with dependent
offspring affected the ranging patterns of chimpanzee mothers. I included six predictor variables

(Table 2.2) including the four variables utilized in the first set of GLMs (GLM1) and two
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variables that apply only to mothers: 1) presence of an infant age 0-2.9 years, and 2) presence of
an infant older than three years and/or presence of a juvenile offspring. I coded each as a
bivariate (yes/no) variable. Following Pontzer & Wrangham (2006), I chose three years as the
cutoff between categories because observations from several chimpanzee communities indicate
that by this age offspring start to travel independently, i.e., with the mother but without being
carried (Goodall 1986; Doran 1992; Hiraiwa-Hasegawa 1990). Age designations for juvenile
females were 5.0-9.9 years old. Juvenile males ranged from 5.0 years until the visible descent of
testicles, which occurs between ages 10.0-11.0 years at Ngogo (Watts 2015).

I built GLMs representing all combinations of predictor variables and compared them using
Akaike’s Information Criterion with correction for small sample sizes (AICc) and Akaike model
weights (Burnham & Anderson 2002). I report model-averaged B coefficients and standard errors

for each predictor across the 22 top models (i.e., for which summed AICc weight > 0.95).

Table 2.2. Summary of predictor variables for models predicting home range size (GLM2)

Predictor variable Categories

1 | Reproductive cycle stage Cycling; lactation 1 (0 — 6 months); lactation 2
(six months — weaning); transition from
pregnancy to lactation

2 | Parity Nulliparas, primiparous, multiparous
3 | Infant less than three years of age Yes/no
4 | Infant more than three years of age Yes/no
and/or a juvenile
5 | Neighborhood Central or West

6 | Number of location points -

Spatial analyses were conducted using ArcMap, version 10.3.1 (© ESRI). Cluster and

correlation analyses were conducted using SPSS for Macintosh, version 22 (© IBM
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Corporation). Linear regression and model selection was conducted using the Ime4 package in R,

version 3.2.0 (R Core Team 2015).

RESULTS

Female space use

I recorded approximately 5300 locations of individual female subjects during the 12-month
study. I detected 75 spatial outliers in the dataset with individuals having 0-4 outliers each. After
excluding these outliers, individual females had an average of 140 location points (SD=37, range
59-222).

A MCP delineated from the location points of all female subjects indicated they ranged over
20.2 km” within the larger Ngogo community territory (Figure 2.1). Individual MCPs revealed
that each female subject concentrated her space use to a home range within the Ngogo
chimpanzee community territory (Figure 2.2). Home ranges were spread throughout the

community territory and varied in size from 4.5-9.7 km* (mean=6.8, SD=1.3).
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Fig. 2.1 Minimum convex polygon estimating space use of female chimpanzee subjects. Polygon
overlays the Ngogo trail system; dot denotes the centroid of the polygon and is in the same
location on each figure for ease of comparison.
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Fig. 2.2 Minimum convex polygons estimating space use of individual female chimpanzees. Dot
denotes the centroid of the minimum convex polygon delineated from all females’ location

points (see Fig 2.1).

Proportions of overlap between any two females’ home ranges varied between 0.03-1.00. As

home ranges differed in size, the proportion of overlap varied depending on the perspective of

each female in a dyad. The two proportions of overlap from each dyad were correlated (N=703,

Kendall’s 1=0.61, P<0.01). Overlap values were bimodally distributed indicating that dyadic

similarity tended to be either high or low. Results of the cluster analysis based on dyadic home
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range overlap indicated that female subjects formed two distinct clusters representing subgroups
of individuals with similar ranging patterns (Figure 2.3).

To reveal the extent of each neighborhood, I delineated MCPs from the ranging points of
females assigned to each of the two clusters. One neighborhood was located in the central part of
the territory, while the other was located in the western part (Figure 2.4). The central and western
neighborhoods shared a 7.2 km” area of overlap. The two neighborhoods are compared in Table
2.3. It should be noted that subjects in the present study were a subset of the large number of
females at Ngogo. I preferentially collected observations in the central and western
neighborhoods, as females there were better habituated than those who ranged in the eastern part
of the territory (personal observation). It is likely that an additional neighborhood existed in the

eastern part of the territory.
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Fig. 2.3 Dendrogram of the results of the UPGMA cluster analysis calculated from dyadic
indices of ranging similarity for female study subjects. Two distinct clusters emerged
representing subgroups of individuals with similar ranging patterns (represented by red and blue
boxes).
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Fig. 2.4 Space use of female subjects separated by neighborhood. Darker shades of green
indicate areas of heavier use by subjects. Dot denotes centroid of the minimum convex polygon

delineated from all females’ location points (see Fig 2.1). Female subjects ranged in one of two
neighborhoods, which shared an overlap zone containing several areas of heavy use.
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Table 2.3. Comparison of attributes of two spatial neighborhoods of female chimpanzees

Neighborhood Central Western
MCP area (km") 13.0 14.2
Proportion of 0.55 0.51
neighborhood
overlapped by the
other
Total subjects 14 22
Adolescents 2(1/1) 5(3/2)
(natal/immigrant)
Parous females 13 (5/8) 17 (8/6)
(primiparous/
multiparous)
Primiparas 5 7
Multiparas 8 7
Transition 1 A->P 2 P>M

Adolescent (A); primipara (P); multipara (M)

For dyads of females belonging to the same neighborhood (N=367), the mean proportion of
home range overlap was 0.79. In contrast, for dyads in which the two females belonged to
different neighborhoods (N=336), the mean proportion overlap of home ranges was 0.29.
Considering dyads belonging to the central (N=91) and western (N=276) neighborhoods

separately, the mean dyadic proportions of home range overlap were 0.69 and 0.83, respectively.

Territory utilization and food

To examine how females utilized different parts of the Ngogo territory, I overlaid a map of

the trail system with 100x100-m grid cells and counted the number of individual female location

points that were contained in each cell. The natural breaks classification method (Jenks 1967)

revealed 13 grid cells with the heaviest use. I examined focal observations that corresponded to
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the location points found within each grid cell to determine the activities females were engaged
in at each location.

All 13 grid cells contained plant foods upon which I observed multiple females feeding.
Twelve of the 13 grid cells contained one or two fruiting tree species (Table 2.4). The species
found in the highest number of cells (eight of 13) was Ficus mucuso. This is in accordance with
data indicating that chimpanzees at Ngogo devoted the highest amount of their feeding time
(18%) to this fig species (Watts et al. 2012). Six additional fruiting tree species were fed upon in
one or two grid cells. All six species ranked within the top 16 plant food species at Ngogo, based
on the percentage of time spent feeding on each (Watts et al. 2012). Additionally, the tree,
Neoboutonia macrocalyx, was fed upon in two grid cells. Chimpanzees at Ngogo wadge wood
from the roots of this species (Watts et al. 2012), which may contain important micronutrients or

medicinal compounds (Aruga et al. 2015).

Table 2.4. Major plant food species found in grid cells used most heavily by female chimpanzee
subjects at Ngogo

Grid cell Plant food Plant food
1 Ficus mucuso Uvariopsis congensis
2 Ficus mucuso -
3 Ficus mucuso Chrysophyllum albidum
4 Aningeria altissima Neoboutonia macrocalyx
5 Ficus mucuso Mimusops bagshawei
6 Ficus mucuso -
7 Ficus mucuso Mimusops bagshawei
8 Ficus mucuso Uvariopsis congensis
9 Aningeria altissima -
10 Neoboutonia macrocalyx -
11 Ficus natalensis Morus mesozygia
12 Ficus natalensis -
13 Ficus mucuso -
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Home range size

I analyzed several factors that may have influenced the estimated home range size of
individual female subjects. In the first set of models (GLM1), I included all subjects (parous and
nulliparous) and investigated the effect of four variables on home range size: reproductive cycle
stage, parity, neighborhood affiliation, and the number of location points. The model with the
lowest AICc included the number of location points as the sole predictor and was assigned a
model weight of 55% (Table 2.5). Model-averaged coefficient estimates (including 95%
confidence intervals) for averaged models indicated that the intervals for all parameters, except

number of location points, spanned zero (Table 2.6).

Table 2.5. Results of AICc analysis for three models of home range size in female chimpanzees

Model | No. df | Parameters AlCc AAIC wAIC Log
parameters likelihood
1 1 3 Points 121.39 0.00 0.55 -57.34
2 4 Points, 122.03 0.64 0.40 -56.41
neighborhood
3 2 5 Points, parity 125.88 4.49 0.06 -57.00

Table 2.6. Model-averaged coefficient estimates (including 95% confidence intervals) for
averaged models

Estimate | Std. | Adj. std. z Pr(>|z]) | Confidence intervals

error error value 2.5% 97.5%

Intercept 3.9039 | 0.7414 | 0.7671 | 5.089 | 4e-07 2.400 5.407

Points 0.0198 | 0.0051 | 0.0052 | 3.793 | 0.0001 0.010 0.030
49

Neighborhood: | 0.1987 | 0.3413 | 0.3472 | 0.572 | 0.5671 | -0.265 1.266
west 35

Parity: 0.0004 | 0.1262 | 0.1308 | 0.003 | 0.9975 | -1.059 1.073
multipara 51

Parity: -0.0172 | 0.1464 | 0.1506 | 0.114 | 0.9089 | -1.387 0.791
primipara 97
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In the second set of analyses (GLM?2), I included only parous subjects and examined the
effect of six predictor variables on home range size: reproductive cycle stage, parity, presence of
a carried infant (infant < three years), presence of a non-carried dependent offspring (infant >
three years and/or a or juvenile), neighborhood affiliation, and number of location points. As in
the first set of analyses (GLM1), the model with the lowest AICc had the number of location
points as the sole predictor. The top model was assigned a model weight of only 21% (Table
2.7). Model-averaged coefficient estimates (including 95% confidence intervals) for averaged
models indicated that the intervals for all parameters, except number of location points, spanned

zero (Table 2.8).

Table 2.7. Results of AICc analysis for 22 models of home range size in parous female
chimpanzees

Model | No. df | Parameters AlCc AAIC wAIC Log
parameters likelihood
1 1 3 Points 104.86 0 0.21 -48.99
2 4 | Points, 106.08 1.22 0.12 -48.27

neighborhood

3 2 4 | Points, 106.13 1.26 0.11 -48.29
infant/juvenile

4 2 4 Points, infant < 3 106.44 1.57 0.10 -48.45

5 2 4 Points, parity 106.99 2.13 0.07 -48.73

6 3 5 Points, 107.31 245 0.06 -47.46
neighborhood,
infant/juvenile

7 3 5 Points, 107.54 2.67 0.06 -47.57
neighborhood,
infant <3

8 3 5 Points, 108.10 3.23 0.04 -47.85
neighborhood,
parity

9 3 5 Points, 108.56 3.69 0.03 -48.08
neighborhood,
parity

10 3 5 Points, 108.58 3.71 0.03 -48.09
neighborhood,
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infant/juvenile

11 3 5 Points, infant <3, | 108.91 4.05 0.03 -48.26
infant/juvenile

12 4 6 | Points, 109.82 4.96 0.02 -47.16
neighborhood,
infant/juvenile,
infant <3

13 4 6 Points, parity, 109.96 5.10 0.02 -47.23
neighborhood,
infant <3

14 2 4 | Neighborhood, 110.02 5.16 0.02 -50.24
infant/juvenile

15 1 3 Neighborhood 110.03 5.16 0.02 -51.57

16 4 6 Points, parity, 110.23 5.36 0.01 -47.36
neighborhood,
infant/juvenile

17 Null 2 |- 110.52 5.66 0.01 -53.05

18 1 3 Infant/juvenile 110.60 5.74 0.01 -51.86

19 2 4 | Neighborhood, 111.14 6.28 0.01 -50.80
infant <3

20 2 4 | Neighborhood, 111.46 6.60 0.01 -50.96
parity

21 4 6 Points, parity, 111.53 6.67 0.01 -48.02
infant < 3,
infant/juvenile

22 2 6 | Points, cycle 111.69 6.83 0.01 -48.10

Table 2.8. Model-averaged coefficient estimates (including 95% confidence intervals) for
averaged models

Estimate Std. Adj. std. z Pr(>|z|) | Confidence intervals

error error value 2.5% 97.5%
Intercept 423396 | 1.24041 | 1.28006 | 3.308 | 0.0009 1.725 6.743
Points 0.01881 | 0.00780 | 0.00741 | 2.538 | 0.0112 0.004 0.033

Neighborhood: 0.58914 | 0.46947 | 0.49023 | 1.202 | 0.2295 -0.372 1.550
west

Infant/juvenile: | 0.60350 | 0.62991 | 0.65674 | 0.919 | 0.3581 | -0.684 1.891
yes

Infant <3:yes | -0.52622 | 0.57890 | 0.60508 | 0.870 | 0.3845 | -1.712 0.660

Parity: -0.12550 | 0.71443 | 0.73955 | 0.170 | 0.8652 | -1.575 1.324
primipara
Cycle: -1.26707 | 1.04659 | 1.09762 | 1.154 | 0.2483 | -3.418 0.884
lactation 1
Cycle: -0.83558 | 0.92581 | 0.97095 | 0.861 | 0.3895 | -2.739 1.067
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lactation 2

Cycle: -1.00937 | 1.07981 | 1.13246 | 0.891 | 0.3728 -3.229 1.210
transition from
pregnancy to
lactation

DISCUSSION

Results of this study indicate that females at Ngogo formed small, overlapping home ranges.
Individual home ranges clustered into two neighborhoods based on ranging similarity.
Additionally, individual ranges varied in size and this variation was greatly influenced by the
number of location points recorded for each female during the study. No clear picture emerged
regarding whether reproductive cycle stage, parity, or the presence of dependent offspring
influenced home range size.

Female chimpanzees at Ngogo restricted their use of space use to small, overlapping home
ranges. This accords with patterns of space use typical of East African chimpanzee communities,
in which females use distinct areas that are smaller than the entire community territory (Gombe:
Wrangham 1979; Wrangham & Smuts 1980; Goodall 1986, Williams et al. 2002b; Murray et al.
2007; Mahale: Hasegawa 1989; Kanyawara: Wrangham et al. 1996, Emery Thompson et al.
2007; Ngogo: Wakefield 2013). Ranging in small areas may decrease intrasexual competition by
reducing the number of neighbors with whom each female must regularly compete (Wrangham
1979; Williams et al. 2002b). Additionally, by foraging in small areas, females likely gain
specialized knowledge of food resources contained therein (Pusey et al. 1997), maximizing their

foraging efficiency in the process (Wrangham & Smuts 1980; Williams et al. 2002b).
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Despite potential benefits of differentiating individual ranges, in West African chimpanzee
communities, females do not show this pattern and instead range more uniformly within the
community’s territory (Tai: Lehmann & Boesch 2005; Boussou: Sugiyama 1988; Sakura 1994).
Specific to the Tai community, higher gregariousness and more uniform ranging patterns among
females may be influenced by predation risk. Tai chimpanzees experience predation by leopards
(Boesch 1991; Boesch & Boesch-Achermann 2000), whereas predation is low or absent at most
other chimpanzee study sites (Boesch 1991, 2009). Tai chimpanzees likely avoid predation by
spending time in groups, and it may be risky for females to travel alone and differentiate their
space use (Boesch 1991; Boesch & Boesch-Achermann 2000). Instead of traveling alone,
females at Tai may deal with intrasexual competition in a different way, by forming a linear
dominance hierarchy (Wittig & Boesch 2003). In other chimpanzee communities, dominance
relationships between females are less well defined (Goodall 1986; Pusey et al. 1997; Emery
Thompson et al. 2007).

Although female chimpanzees in East Africa typically range in individual areas within a
community, at Sonso in the Budongo Forest, Uganda, females instead maintain relatively
uniform ranges (Emery Thompson et al. 2006). While the risk of predation may contribute to the
pattern of uniform female ranging at Tai, this does not appear to be the case at Budongo, where
this risk is low (Reynolds & Reynolds 1965).

A comparison between Ngogo and Sonso provides insight as these communities are similar
in several ways, but have different patterns of female ranging. The two communities are located
in Uganda, and separated by 180 km (Gruber et al. 2012). Both Ngogo and Sonso cover
productive habitats that support high densities of chimpanzees (Sonso: 3.2-6.8 chimpanzees/km?,

(Newton-Fisher 2003); Ngogo: 5.1 chimpanzees/km?, Potts et al. 2011). Chimpanzees in both
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communities devote a similar percentage of their feeding time to fruit, particularly figs (Watts et
al. 2012). However, Sonso is unique in that it has a particularly diverse availability of
chimpanzee foods (Gruber et al. 2012). This diversity may buffer chimpanzees at Sonso from
experiencing periods of food scarcity, which occur infrequently there (Gruber et al. 2012). Future
studies are needed to determine whether this diet diversity, or other factors result in the ranging

differences observed between Ngogo and Sonso.

Neighborhoods

Home ranges of female subjects at Ngogo formed two neighborhoods. Spatial neighborhoods
have also been reported at Gombe (Williams et al. 2002b), and Kanyawara (Emery Thompson et
al. 2007). Unlike neighborhoods at Kanyawara, which barely overlap, the two neighborhoods at
Ngogo overlapped extensively. Further, the overlap zone of neighborhoods at Ngogo was used
intensively by females. Why might this difference occur? While the Ngogo and Kanyawara
communities are in close geographic proximity (10 km apart), Ngogo has a density of
chimpanzees that is three times higher than at Kanyawara. This is likely due to the greater
abundance of several species of fruiting trees, such as figs, found at Ngogo (Potts et al. 2009,
2011; Watts et al. 2011). It is possible that due to higher food availability, feeding competition is
relaxed at Ngogo compared to Kanyawara, and sharing space may be less costly (see Murray et
al. 2007). It is also possible that the high density of females at Ngogo makes it difficult to avoid

space use overlap.
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Home range size

The size of individual female ranges varies within and between chimpanzee communities. In
this study, home range size varied from approximately 4-9 km®. This is similar to the ~5-10 km”
home ranges reported for parous females in the Kanyawara community (Chapman & Wrangham
1993). Adult females at Gombe are reported to range over core areas of approximately 2 km”
(Pusey et al. 1997), although areas of approximately 5 km?” are reported by Williams et al.
(2002b). In the Tai community, where females range widely across the territory, individual
ranging areas exceed 10 km® (Lehmann & Boesch 2005). Inter-site comparison should be
interpreted with caution, however, as territory size, habitat, and spatial analyses differed between
studies.

The most important factor influencing home range size at Ngogo was the number of location
points per female. The home range sizes reported here may underestimate actual ranges utilized
by females during the study because individual range sizes did not reach an asymptote with the
number of observations. The inability to properly characterize female range size affects my
findings regarding the effect of reproductive factors on home range size, and as a consequence,

these should be considered preliminary.

Reproductive factors

I did not find evidence that reproductive variables (reproductive cycle stage, parity, presence

of dependent offspring) predicted home range size. This is in contrast to several studies from

chimpanzees and other taxa, which report that lactating females range less widely than non-
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lactating females (Wrangham 1979; Wrangham & Smuts 1980; Goodall 1986; Hasegawa 1990;
Matsumoto-Oda & Oda 1998; Bates & Byrne 2009; Dahle & Swenson 2003; Wartmann et al.
2008). My ranging data are based mainly on observations of lactating mothers, as only two
parous female subjects cycled throughout the majority of the study period. Sexually receptive
female chimpanzees often associate with males, which can result in the formation of large parties
(Watts 2007). As chimpanzee mothers with dependent offspring avoid associating with males
(Otali & Gilchrist 2006) and large parties (Wrangham et al. 1993; Janson & Goldsmith 1995), I
lack detailed observations of the spatial movements of sexually receptive females.

My observations did not support the hypothesis that parity affects home range size. Although
primiparous chimpanzees probably lack the foraging skills of multiparas and may be lower-
ranking, my results do not indicate that the first-time mothers are forced to range more widely. I
also did not find evidence that the presence of dependent offspring influenced home range size.
Indeed, between chimpanzee communities, no clear picture emerges concerning effect of
dependent offspring on mothers’ ranging. While infant carrying is hypothesized to be costly
(Altmann & Samuels 1992; Ross 2000), several studies have failed to detect a relationship
between the presence of dependent offspring and chimpanzee mothers’ range size (Gombe:
Murray et al. 2007; Tai: Lehmann & Boesch 2005). At Kanyawara, the presence of a carried
infant did not affect mothers’ daily travel distance, but the presence of a juvenile did (Pontzer &
Wrangham 2006). In contrast, the presence of dependent offspring had no influence on female
travel distance at Tai (Riedel 2011). Examining additional ranging metrics at Ngogo, such as
daily distance traveled, would be useful in this context.

Interestingly, I did not find evidence that nulliparas, who neither lactate nor care for

dependent offspring, ranged more widely than parous females. Other studies of chimpanzees
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have noted that immigrants may range widely over a community territory. Immigrants may be
forced to forage away from dominant females, who have priority of access to resources (Murray
et al. 2007). Immigrants also frequently spend time with adult males, who range widely across a
territory (Kahlenberg et al. 2008b). Regarding the present study, the two immigrant subjects had
been in the Ngogo community for one and four years at the study’s inception. As such, these
immigrants were somewhat familiar with food resources and other members of the community,
potentially explaining why they did not need to range widely compared to parous females. In
addition, one immigrant female was pregnant during most of the study and gave birth a few
months before the study’s end, which could have affected her ranging. To explore these
possibilities, it will be necessary to examine how new immigrants to the community use space,
and how this may change as immigrants spend more time and integrate themselves into a
community.

Like the immigrant study subjects, natal adolescents also possessed home ranges of a similar
size to those of parous females. All of the natal adolescents in this study spent at least some time
traveling with their mothers. A mother’s home range size and location thus can influence that of
her daughter. In addition, most of the natal subjects had not yet displayed swellings reaching
maximal size. Upon the onset of sexual receptivity, adolescent females decrease time spent with
their mothers and begin associating with community males (Pusey 1983, 1990). As the natal
adolescents in this study were likely not yet fully reproductively mature they might not have
started ranging widely.

Observations from this study reinforce the assertion that ranging in small overlapping areas
within a shared community territory is the typical pattern of space use for female chimpanzees in

East Africa. By focusing space use in small individual areas spread throughout a territory,
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females may avoid potentially costly resource competition and maximize foraging efficiency.
Further research is needed to resolve questions raised by this study. For example, how do
patterns of space use interact with food availability at Ngogo? What factors influence patterns of
female ranging over the long-term? Understanding relationships between reproduction and
female space use at Ngogo, an unusually large community inhabiting a food-rich territory, is an

important goal for future research.
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CHAPTER 3

Aggression between wild female chimpanzees varies with parity

INTRODUCTION

Parental investment and sexual selection theory provide a framework to investigate female
competition (Trivers 1972). Because females tend to invest more in reproduction than do males,
female fitness is limited by the ability to acquire food and convert it into offspring, while male
fitness is limited by mating opportunities. Consequently, females typically compete for access to
food, and males compete for mates.

Chimpanzees (Pan troglodytes) provide a model species in which to investigate female
competition. These animals live in multi-female, multi-male, fission-fusion communities in
which individuals form temporary subgroups, or parties (Nishida 1968). Females usually
disperse from their natal communities during adolescence when they are around 12-13 years old
and start to reproduce about two years later (Emery Thompson 2013). Chimpanzees rely on a
diet of ripe fruit (Nishida & Hiraiwa-Hasegawa 1987; Wrangham et al. 1998), a limited resource
whose availability fluctuates in time and space (Wrangham 1979). Given the aforementioned
constraints imposed by parental care, female chimpanzees compete for food, albeit subtly and
indirectly. Recent research has revealed that this competition has attendant effects on female

reproduction (Pusey et al. 1997; Emery Thompson et al. 2007a). In East Africa, female
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chimpanzees compete for space (Murray et al. 2007; Kahlenberg et al. 2008b; Miller et al. 2014).
Chimpanzee mothers occupy small individual core areas within the communal territory. Core
areas overlap extensively, and female fidelity to an area is high across years (Williams et al.
2002; Emery Thompson et al. 2007a). Habitats are heterogeneous, and observations from the
Gombe and Kanyawara chimpanzee communities indicate that high-ranking females inhabit high
quality core areas with more food than do low-ranking females, who occupy low-quality core
areas (Murray et al. 2007; Emery Thompson et al. 2007; Kahlenberg et al. 2008). As a
consequence, high-ranking females obtain access to more food compared with low-ranking
females. High-ranking females are able to use this to their advantage and display shorter birth
intervals and increased infant survivorship compared with low-ranking females (Emery
Thompson et al. 2007a).

Female chimpanzees behave aggressively toward each other as they compete for resources,
including space, which are required to successfully reproduce. In East African chimpanzee
communities, female intrasexual aggression tends to be sustained, but of low intensity (Pusey et
al. 2008). This is likely due to potential risks associated with behaving aggressively, such as
injury to dependent offspring, and because winning a single aggressive interaction rarely has a
high payoff. However, aggression between female chimpanzees has been observed to intensify
when access to resources is threatened. This has occurred during times of community growth
when infants are born and when new females transfer into a community. In cases involving the
latter, aggression tends to be directed by parous females towards immigrant nulliparas (Goodall
1986; Muller 2002; Kahlenberg et al. 2008). Nulliparas, who seek to establish their own core

areas, represent a competitive threat to parous females.
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While reproductive status has been shown to influence aggression between parous and
nulliparous female chimpanzees, the parity of mothers is likely to affect matters in additional
ways. Primiparous females (“primiparas”), mothers who have given birth for the first time, are
young and may be continuing to invest in their own growth and maturation (Bercovitch et al.
1998; Setchell et al. 2002; Rah et al. 2008). Primiparas are also physiologically immature, which
can reduce the efficiency of lactation (Hinde et al. 2009). The relatively poor quality of first-time
mothers is displayed in several ways. Primiparas may forego investment in personal growth
(humans, Rah et al. 2008; Pauli et al. 2013) or prolong lactation (rhesus macaques (Macaca
mulatta), Hinde et al. 2009). Primiparous female chimpanzees delay subsequent births (Jones et
al. 2010) and devote more time to the care of young infants than do multiparous females (i.e.,
“multiparas”) (Stanton et al. 2014). Primiparas may be lower-ranking than multiparas as female
chimpanzees in some communities rise in rank with both age (Nishida 1989; Greengrass 2005;
Kahlenberg 2006; Murray et al. 2006) and tenure in the community (Kahlenberg et al. 2008b).
Primiparous chimpanzees may also be at a disadvantage as they lack familiarity with food
resources in the community territory. Such knowledge is likely crucial to female chimpanzees
(Wrangham & Smuts 1980; Williams et al. 2002), who appear to gain foraging knowledge over
time (Murray et al. 2006). Taken together, the preceding observations suggest that, faced with
the challenges of first time motherhood, primiparous female chimpanzees will be affected by
competition for resources to a greater extent than multiparas. To compete effectively, primiparas
may engage in more frequent intrasexual aggression compared to multiparas.

Here, I investigate whether female parity influences rates of aggression between female
chimpanzees. To do so, I took advantage of an unusual situation at Ngogo in the Kibale National

Park, Uganda. The Ngogo chimpanzee community is exceptionally large (Watts 1998; Watts &
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Mitani 2001; Mitani & Amsler 2003) and contains many females. Between 2010-2012 the
community experienced considerable growth, increasing 20% over about 27 months. During this
time, 31 surviving infants were born, 12 of them to first-time mothers. These circumstances
permitted a comparison of primiparous and multiparous mothers during a period when
competition for resources was likely very high. In what follows I examine two questions. First, I
investigated whether females experienced heightened levels of aggression in the large and
expanding community at Ngogo. I compared levels of female aggression to those reported in
previously published studies of chimpanzees. Second, I asked whether primiparas directed higher
rates of aggression toward adolescent nulliparas than did multiparas. My aim is to clarify how

parity affects aggressive behavior between females in our closest living relatives.

METHODS

Study site and subjects

I observed chimpanzees at Ngogo in the Kibale National Park, Uganda. The Kibale Park (795
km?) is located in western Uganda (0°13’-0°41'N and 30°19’-30°32E), and lies at an elevation of
approximately 1350 m above sea level. The Ngogo chimpanzee community ranges over a 35 km?
territory (Mitani et al. 2010) near the center of the Park. Rain falls throughout the year with an
annual mean = SD of 1397 = 174 mm (N=10 years, 1998-2007; Mitani 2009). Typically,
September-December and March-May are wetter than average, while intervening months are
drier (Butynski 1990; Struhsaker 1997). The study site lies at a transition between lowland and

montane rainforest and comprises moist, evergreen forest interspersed with patches of

61



Pennisetum purpureum grassland (Struhsaker 1997). Detailed descriptions of Ngogo and the
ecology of the surrounding area can be found in Butynski (1990); Ghiglieri (1984); Struhsaker
(1997) and Lwanga et al. (2000).

I collected data over 15 months, May-July 2010 and August 2011-July 2012. During this
time the Ngogo community had 17-24 adolescent and 41-51 adult female chimpanzees. I divided
adult females into two groups based on parity: primiparas (mothers raising their first offspring)
and multiparas (mothers with two or more offspring). My primary study subjects included 15
primiparas, 17 multiparas, and 6 mothers who transitioned between these parity categories during
the study, for a total of 38 individuals.

I observed how subjects interacted with both parous and nulliparous females. My 16
nulliparous adolescent subjects included 7 natal and 9 immigrant females. In addition to these
recognizable nulliparas, parous subjects sometimes interacted with ‘unknown’ adolescents who
could not be identified as individuals. During the study, five adolescents from other areas
immigrated into the Ngogo community, and they were not always recognizable as individuals
during the first months following immigration. In addition, several peripheral parous females at
Ngogo had adolescent daughters, who I also could not easily identify as individuals. Due to this,
I treated adolescents as a single category. I considered natal females to be adolescents at 10 years
of age (Nishida et al. 2003; cf. Pusey 1980), approximately the time female chimpanzees begin
to exhibit sexual swellings (Goodall 1986; Nishida et al. 2003). During the study, two natal
juvenile females transitioned to adolescence.

I collected observations at a time when the Ngogo chimpanzee community grew from 157 to
190 members. This growth was primarily due to births. Twelve adolescent females gave birth to

their first surviving infant either during the study period or within four months prior to the start.
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Additionally, six primiparas gave birth to a second infant, transitioning to multiparous status, and
13 multiparas gave birth. Two infants (less than one year old) died during the study, one from an
inferred intra-community infanticide (K. Langergraber, unpublished data) and one of unknown
causes. The infanticide victim was a neonate born to a first-time mother. Subsequent to the
infanticide, I classified the female subject as an adolescent, not a primipara. This is because most
observations made on this female took place prior to parturition, when she was an adolescent.
Also, no observations were made during the few days her infant was alive. The other infant was
born to a multipara, and thus its death did not affect my classification of the mother’s

reproductive status. No additional deaths occurred in the community.

Behavioral Observations

During the 15-month study period, I completed approximately 1100 one-hour focal follows
(Altmann 1974) of individual parous females, the main study subjects. In 2010, I also collected
approximately 100 hours of focal observations on adolescent females. During the study,
individual females varied greatly in their degree of habituation to human presence. Due to this,
relatively short (one-hour) focal sessions were conducted, maximizing the amount of data that
could be consistently collected from a large sample of females.

On a given day, I collected no more than two focal samples of a particular individual, with
observation sessions separated by at least two hours. During each focal session, six instantaneous
scan samples were conducted at 10-minute intervals (Altmann 1974). During each scan, the

identity of all adult and adolescent females judged to be within visual range of the focal female

63



was recorded. Chimpanzees within this visual range were considered to be ‘in association’
(Pepper et al. 1999; Mitani et al. 2002).

With the help of field assistants, I monitored adult and adolescent females’ reproductive
cycles. Sexual swellings of females were scored daily based on turgidity, following Dahl et al.
(1991). I considered females exhibiting maximal tumescent swellings to be sexually receptive
(Tutin 1979). I did not include maximally tumescent females as focal subjects because females
are known to alter their association patterns during this time (Pepper et al. 1999; Matsumoto-Oda
1999), and I was only interested in intrasexual relationships. In 2010, I conducted focal sessions
on adolescent females opportunistically, both during and outside periods of sexual receptivity.

During focal sessions, I recorded observations of aggression that occurred between
adolescent nulliparas and adult females ad libitum. 1 considered aggression to include behaviors
such as threats, charging displays, and physical contact, which were directed toward one or more
recipients. Mild aggression involved threats, such as shaking a branch at or flapping arms at an
opponent. Threats could constitute an entire aggressive episode, but more often they were
incorporated into charging displays, the most common type of aggression observed. During
charging displays chimpanzees direct exaggerated body motions and/or move rapidly toward
recipients (Bygott 1979; Goodall 1986). Female chimpanzees at Ngogo typically lunged,
stomped toward, or chased opponents during charging displays. When physical contact occurred
it was usually brief, involving hitting an opponent with hands or feet. Extended physical contact,
including grappling or biting, occurred rarely.

I defined an aggressive interaction as a sequence of aggressive behaviors that occurred
between female participants. Bouts of aggression involving the same participants were defined as

separate interactions after more than 10 minutes elapsed between aggressive behaviors
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(Kahlenberg et al. 2008b). For each interaction I recorded the identity and parity of all females
involved and their roles directing and/or receiving aggression. Most aggressive interactions
involved two females, but some involved three or more. I considered an interaction to be
‘decided’ when a recipient submitted to an aggressor, but did not retaliate. Submissive behaviors
include screaming, physical avoidance, and pant grunting, a vocal signal of submission in
chimpanzees (de Waal 1978; Bygott 1979; Noé et al. 1980).

I evaluated females’ involvement in aggression on a dyadic level, considering each unique
director-recipient dyad separately in a given interaction. I counted only the initial act of
aggression between each director-recipient dyad in an interaction. For example, a coalition of
two females chasing a single recipient two times in less than a minute was counted as one act for
each aggressor. Although some female chimpanzees at Ngogo clearly dominated others,
agonistic interactions between them did not occur with sufficient frequency to permit detection

of a dominance hierarchy.

Analyses

Prior studies have quantified aggression between female chimpanzees in different ways
(Nishida 1989; Muller 2002; Kahlenberg et al. 2008a; Wakefield 2008; Miller et al. 2014). To
permit comparison with these studies, I quantified rates of female aggression in three ways. First,
I calculated an overall rate of aggression by dividing the total number of dyadic aggressive
interactions recorded during focal sessions by the total number of hours females spent in
association. This allowed me to compare rates of aggression at Ngogo to previously published

reports from two other East African communities, Mahale (Nishida 1989) and Kanyawara
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(Muller 2002). Second, I computed an overall rate of decided aggressive interactions for
comparison to the only published rate of female aggression at Ngogo (Wakefield 2008). To do
this, I divided the number of times females were involved in decided aggressive interactions
during focal sessions by the total number of hours females spent in association. Third, I
calculated the mean rate of aggression directed by individual mothers for comparison to a rate
based on long-term data from Kasekela community at Gombe (Miller et al. 2014). For each
subject, I divided the number of aggressive acts she directed during her focal sessions by the
number of focal hours she associated with other females.

To determine whether patterns of female aggression varied as a function of parity, I
conducted analyses using observations in which the parity of both the aggressor (mother) and
recipient were known. I employed these analyses to test the predictions that: (1) mothers direct
aggression more often toward adolescent nulliparas than toward other mothers, and (2)
primiparas direct aggression more often toward adolescent nulliparas than do multiparas. To do
this, I compared rates of aggression directed by mothers toward three types of females:
adolescent nulliparas, primiparas, and multiparas, using general linear models (GLMs). To
answer the first question (do mothers direct more aggression towards adolescents than toward
other mothers), I conducted a GLM with the number of aggressive acts directed by individual
mothers as the outcome variable (GLM1). For this model, I considered mothers a single group,
regardless of parity. The main predictor variable was the parity of the recipient of aggression.

To answer the second question (do primiparas direct more aggression towards adolescents
than do multiparas), I conducted a second GLM (GLM2). As in GLM1, the number of aggressive
acts directed by individual mothers was the outcome variable. However, for this model I

considered both the parity of the aggressor (parous subjects) and the recipients of aggression
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(adolescent nulliparas, primiparas, and multiparas) as predictors. The interaction of these two
predictors involved six aggressor-recipient (AR) combinations: primipara-adolescent (PA),
primipara-primipara (PP), primipara-multipara (PM), multipara-adolescent (MA), multipara-
primipara (MP), and multipara-multipara (MM) [Table 1]. In both models, I counted aggressive
acts separately in each year of the study (2010-2012) and included ‘year of study’ as a predictor

variable to account for changes in rates of aggression between periods.

Table 3.1 Schematic of potential interactions between two types of chimpanzee mothers and
three types of female recipients

Parity group Aggressor-recipient
Aggressor Recipient dyad (AR)
Primipara | Adolescent PA

Primipara PP
Multipara PM
Multipara | Adolescent MA
Primipara MP
Multipara MM

My data on female aggression violate assumptions of independence because there are
repeated measures of individual females within and between years of data collection. Violation
of assumptions of independence can increase the frequency of type I errors (Clifford et al. 1989).
To address this, I utilized generalized estimating equations (GEEs), which account for potential
unknown correlation within outcomes of a GLM (Liang & Zeger 1986). Specifically, GEEs use a
quasi-likelihood estimation approach, adjusting the standard error to account for the correlation
within observations from the same group, in this case repeated observations of an individual

female chimpanzee.
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For each GLM, I numbered repeated observations from the same female with a dummy
variable. I fit both models with an exchangeable working correlation matrix, which assumes that
the correlation between any two observations from the same female is the same o (Jang 2011). A
benefit of GEEs is that parameter estimates and standard errors are robust to misspecification of
the correlation matrix (Overall & Tonidandel 2004). However, if data are not missing at random,
pooling observations across study subjects may bias results towards frequently observed
individuals (Gillies et al. 2006; Aarts et al. 2008). I implemented two procedures to avoid this: an
exchangeable working correlation matrix, as mentioned above, and robust standard errors (Koper
& Manseau 2009).

For each parous female subject, I counted the number of aggressive acts she directed toward
three groups of opponents who differed in parity: adolescent nulliparas, primiparas, and
multiparas. In both GLMs I utilized counts of directed aggression as the response variable and
‘year of study’ as a predictor variable. Because count data of directed aggression were
overdispersed, I fit both GLMs with a negative binomial distribution and a log link function.

To account for individual differences in association, I quantified the number of opportunities
each focal female had to interact aggressively with individuals from each of the three parity
groups. For each year, I calculated “female-scans” per parity group by counting the number of
adolescent nulliparas, primiparas, and multiparas that the focal female associated with across all
scans. Counts of female-scans were right skewed so I applied a natural log transformation. I
divided each female’s yearly count of directed aggressive acts by the natural logarithm of the
yearly sum of scan samples in which she was observed associating with at least one female of the
parity group of interest. I multiplied raw rates by six to obtain hourly rates because scan samples

were made at 10-minute intervals. I compared rates of aggression using rate ratios (R) where:
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R =rate of aggression in aggressor-recipient group A (reference category)

rate of aggression in aggressor-recipient group B

Statistical analyses were conducted using SPSS for Macintosh, version 22 (© IBM

Corporation). I set the level of significance at P < 0.05.

RESULTS

Rates of female intrasexual aggression

To test my first prediction that rates of female chimpanzee aggression were higher in this
study compared to other sites, I calculated three rates. First, females at Ngogo engaged in
intrasexual aggression at a rate of 8.3 interactions per 100 hours. This is 2-12 times more often
than the rates reported from two other East African communities (Table 3.2).

Second, I found decided aggressive interactions between females occurred at a rate of 3.5 per
100 hours. This is two times higher than the previously published rate of female aggression at
Ngogo (Table 3.3). Based on observations of mainly parous and a few adolescent females
between 2003 and 2005, Wakefield (2008) observed 1.7 decided aggressive interactions per 100

focal hours.
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Table 3.2 Rates of aggressive interactions between female chimpanzees in three East African
communities

: | Aggressive Rate ratio® Community
Community | interactions per . .
100 hours (Ngogo: other) size
Kibale- 8.3 - 157-190
Ngogob
Mahale, 4.6 1.8 ~100-110
M Group®
Kibale- 0.7 11.9 48-50
Kanyawaracl
*Kibale-Ngogo study is the reference category for rate ratios
®This study

‘Nishida 1989 (p. 75; 39 incidences of aggression during 844.2 hours of focal observation)
“Muller 2002 (Tables 8.1 and 8.3; 5 incidences of aggression during 679.8 hours of observation)

Table 3.3 Rates of decided aggressive interactions between female chimpanzees in the Ngogo
community

Years of Decided Rate ratio® Community
study aggressive (Wakefield:other) size
interactions
per 100 hours

2003- 1.7 - 145-156
2005

2010- 3.5 2.1 157-190
2012°

*Wakefield 2008 study is the reference category for rate ratios
Wakefield 2008 (p. 917; 18 incidences of aggression during 1080 hours of focal observation)

“This study

Third, overall rates of aggression (number of interactions per 100 hours) did not account for
the number of competitors in a group. If overall rates of aggression at Ngogo were elevated due
to the large female population, this does not necessarily indicate that individual females
experience high rates of aggression compared to females in other communities. To examine this

possibility, I compared the mean individual rate of aggression directed by mothers at Ngogo to a
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rate based on long-term data from Gombe-Kasekela (Miller et al. 2014; Table 3.4). Mothers at
Ngogo directed intrasexual aggression at a mean rate of 3.0 acts per 100 hours + standard error

0.6. This is 12 times more often than mothers at Gombe-Kasekela (Table 3.4).

Table 3.4 Individual rates of intrasexual aggression directed by chimpanzee mothers in two East
African communities

Community Acts of Standard | Rate Community
directed error ratio” size
aggression (Ngogo:
per 100 other)
hours
Kibale- 3.0 0.6 - 157-190
Ngogob
Gombe- 0.26 0.04 12 41-62
Kasekela®
*Kibale-Ngogo study is the reference category for rate ratios
®This study

“Miller et al. 2014

Rate of aggression by mothers: variation with recipient parity

To test the prediction that mothers were more aggressive toward adolescent females than
toward mothers, I compared individual rates of aggression directed by parous females towards
adolescent nulliparas, primiparas, and multiparas. The parity of recipients was a highly
significant predictor of the rate of aggressive acts directed by mothers (GLM1: X* = 34,958,
P<0.001). Year of data collection was a non-significant predictor and excluded from the final
model.

Figure 1 shows mean individual rates of aggressive acts directed by mothers toward

recipients who differed in reproductive status. Mothers directed aggression toward adolescent
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nulliparas significantly more often than toward either primiparas or multiparas (Table 3.5). I did
not detect a significant difference in rates of aggressive acts directed by parous females toward
primiparas versus multiparas (GLM1: estimate 0.421; standard error 0.3249, X* = 1.682,
P=0.195). Comparing rates indicated that parous females directed aggression towards
adolescents 3-4 times more often than towards primiparas and multiparas, respectively (mean

rate: adolescent nulliparas: 2.5; primiparas: 0.8; multiparas: 0.6 acts/100 hours).

4.07

3.0

Aggressive acts directed per 100 hours

1.07

0.0~ I I I
Adolescents Primiparas Multiparas

Recipients by parity

Fig. 3.1 Rates of aggression directed by chimpanzee mothers toward females in three
reproductive categories. Means + 2 standard errors are shown; see text for statistics.
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Table 3.5 Results of GLM1, a test of the effect of recipient parity on the rate of intrasexual
aggression directed by chimpanzee mothers

Effect Estimate Standard error X P
Intercept -5.462 0.1618 1139.784 | <0.001
Multipara -1.423 0.2800 25.828 <0.001
Primipara -1.002 0.2428 17.028 <0.001
Adolescent” 0

*Adolescent is the reference category

Rates of aggression directed by mothers: comparing primiparas and multiparas

To test the prediction that primiparas directed more aggression toward adolescents than did
multiparas, I compared the rates primiparas and multiparas directed aggression toward
adolescent nulliparas, primiparas, and multiparas. Here I found that the interaction of aggressor
and recipient parity (AR) predicted the rate of intrasexual aggressive acts directed by mothers
(GLM2: X* = 45.220, P<0.001). Year of the study was a non-significant predictor and excluded
from the final model. Figure 3.2 shows individual rates of aggressive acts directed by two groups
of mothers toward recipients of three parity groups.

Primiparas directed aggression toward adolescent nulliparas more often than did multiparas.
In fact, the rate primiparas directed aggression toward adolescents was significantly greater than
rates that occurred between all other aggressor-recipient groups (Table 3.6). Primiparas targeted
adolescents with aggression 3-6 times more often than rates between other aggressor-recipient

groups.
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6.0

5.0

4.0

3.0+

Aggressive acts directed per 100 hours

IE{EE

-1.0
| | I I I |
Primpara-  Multipara-  Prumpara-  Prmupara-  Multipara-  Multipara-
adolescent  adolescent  pnimupara multipara primipara multipara

Aggressor-recipient dyad

Fig. 3.2 Individual rates of aggression directed by primiparas and multiparas to females of
varying reproductive status. Means = 2 standard errors are shown; see text for statistics.

I conducted multiple iterations of the model, using each AR dyad as the reference category.
Excluding primiparas’ direction of aggression toward adolescent nulliparas, I detected no

significant differences in rates of aggression between aggressor-recipient groups.
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Table 3.6 Results of GLM2, a test of the effect of the interaction of aggressor and recipient
parity (AR) on the rate of intrasexual aggression directed by chimpanzee mothers

Parameter Estimate | Standard X P value | Mean rate | Rate ratio®
error (acts/100 | (other:PA)

Intercept -5.158 | 0.1827 | 797.117 <0.001 hours)

Primipara- 0 3.8 -
adolescent (PA)

Multipara- -0.664 | 0.2753 5.818 0.016 1.4 0.37
adolescent (MA)

Primipara- -1.235 0.3644 11.492 0.001 1.0 0.26
primipara (PP)

Primipara- -1.887 | 0.4405 18.355 <0.001 0.6 0.16
multipara (PM)

Multipara- -1.371 0.3467 15.631 <0.001 0.7 0.18
primipara (MP)

Multipara- -1.602 | 0.2857 31.454 <0.001 0.6 0.16
multipara (MM)

*Primipara-adolescent (PA) is the reference category for rate ratios

DISCUSSION

In this study, I have shown that rates of female intrasexual aggression at Ngogo were higher

than those previously reported in East African communities. My findings concur with results

reported from other chimpanzee communities, indicating that most of this aggression is directed

by mothers toward adolescent nulliparas. Additional analyses revealed that not all mothers

behaved the same. Primiparous mothers were more aggressive toward adolescents than were

multiparas. Pooling observations of aggressive behavior across mothers therefore masks

important variation. In the following, I discuss the two major findings from this research.
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Rates of female chimpanzee intrasexual aggression

Few publications report rates of aggression between wild female chimpanzees. Those that do
vary methodologically, making comparisons difficult. I calculated three different rates of female
aggression for comparison with other studies. I documented higher rates of female aggression in
this study compared to a previous study at Ngogo and reports from three other East African
chimpanzee communities.

Relatively high rates of aggression at Ngogo are expected for several reasons. In this
unusually large community (Watts 1998; Watts & Mitani 2001; Mitani & Amsler 2003), females
live together at high density (Wakefield 2008). In primates, rates of female agonism increase
with the number of female competitors in a group (Wheeler et al. 2013). Further, female
chimpanzees at Ngogo are more gregarious than are females in other East African chimpanzee
communities (Wakefield 2008, 2013); thus they associate often with potential competitors.

Demographic change probably also contributed to the high rates of female aggression
observed during this study. In 2003-2005, there were 145-157 community members at Ngogo
(Wakefield 2008). When this study began in 2010, the community was similar in size, but grew
20% over the following two years (Table 3.7). Compared to 2003-2005, during the present study
there were a greater number of adult and adolescent females. As 31 infants were born, there were
many lactating females experiencing the most energetically expensive period in a female
mammal’s reproductive career (Hanwell & Peaker 1977; Gittleman & Thompson 1988; Clutton-
Brock et al. 1989). Taken together, these observations suggest that female chimpanzees at Ngogo
likely displayed high rates of aggression to compete for scarce resources during the course of this

study.
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Table 3.7 Demographic characteristics of the Ngogo chimpanzee community during two studies

Years of | Community | Adolescent Adult
study size females females
2003- 145-157 6-14 42-43
2005°
2010- 157-190 17-24 41-51
2012°

*Wakefield 2008

®This study

Previous studies have demonstrated an association between demographic change and
aggression between female chimpanzees. In the Mahale chimpanzee community, female
aggression increased when several females immigrated into the community (Nishida 1989).
Similarly, in the Kanyawara chimpanzee community, female intrasexual aggression increased
four-fold when immigrants entered the community, peaking when multiple immigrants were
present (Kahlenberg et al. 2008b). At Budongo, the Sonso community nearly doubled in size
over a decade, leading to a highly female-biased sex ratio (Townsend et al. 2007). Three female-
led infanticides, a rare behavior, likely took place near the end of this period. Female-led
infanticide in chimpanzees is considered an extreme response to feeding competition whereby
females eliminate vulnerable competitors (Pusey 1983; Townsend et al. 2007). These
observations, together with the present study, suggest that East African female chimpanzees

intensify aggression when competition for resources is exacerbated.

Aggression by mothers toward adolescent nulliparas

Chimpanzee mothers at Ngogo regard adolescent nulliparas, who seek to establish their own

core areas, as competitors. As a consequence, mothers at Ngogo directed higher rates of
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aggression toward adolescent females than towards other mothers. Specifically, mothers behaved
aggressively to adolescent nulliparas 2-3 times more often than they did towards mothers.

During the study, five adolescent females emigrated into the Ngogo community. This is a
higher rate than reported in a previous study at Ngogo (Wakefield 2008) and studies from other
East African communities (Gombe: Goodall 1983; Kanyawara: Kahlenberg et al. 2008a). The
presence of several natal adolescents during the study is also relevant. Female chimpanzees
typically disperse from their natal community at adolescence (Nishida & Kawanaka 1972; Pusey
& Packer 1987). However, some females at Ngogo do not disperse, instead remaining and
reproducing in their natal community. Eight of the 38 parous study subjects have been identified
as natal females via genetic analysis (Langergraber et al. 2009).

Although mothers at Ngogo often directed aggression toward adolescent females, this pattern
was not consistent across all classes of mothers. Primiparas directed more aggression toward
adolescent nulliparas than did multiparas. Primiparas targeted adolescent females with
aggression often; they did so three times more often than did multiparas and 3-6 times more
often than mothers targeted mothers. Furthermore, I found that multiparas did not target
adolescent females with aggression more often than they targeted primiparas or multiparas. Thus,
the high rates of aggression directed by mothers towards adolescent females was mainly driven
by primiparas.

Several factors may explain why primiparas engaged so often in potentially costly aggression
with adolescent nulliparas. Primiparas are at the start of potentially long reproductive careers and
early dominance acquisition may influence their subsequent reproduction in important ways. At
Gombe, a female chimpanzee’s rank at age 21 strongly predicts her rank a decade later (Pusey et

al. 1997). Young mothers who behave aggressively, whether to defend a new core area or
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establish dominance rank, benefit by reducing feeding competition (Nishida 1989). Evidence
indicates that by increasing access to food, female chimpanzees gain reproductive benefits. In the
Kanyawara chimpanzee community, females inhabiting areas with more preferred foods had
elevated ovarian hormone production, shorter birth intervals, and higher infant survivorship
compared to females inhabiting areas with fewer preferred foods (Emery Thompson et al.
2007a).

Evidence also suggests that multiparas may be buffered from intrasexual competition, as they
likely outrank other females in the community. High-ranking female chimpanzees at Gombe
forage more efficiently and have a higher quality diet than do subordinate females (Murray et al.
2006). Additionally, immigrants there settle in parts of the territory rarely used by high-ranking
females (Williams 2000; Murray et al. 2007). How do dominant female chimpanzees outcompete
others in the absence of frequent aggression? A study of captive chimpanzees described female
dominance relationships as characterized by “respect from below rather than intimidation and a
show of strength from above” (de Waal 1982, pp. 179). This also appears to describe dominance
relationships between wild female chimpanzees. Subordinate behavior tends to be directed from
young to old females and from females whose tenure in the community has been short compared
to those who have been residents for longer (Nishida 1989; Kahlenberg et al. 2008b; Wakefield
2008). In the same manner, relatively frequent competition between primiparas and adolescent
nulliparas at Ngogo could result from the latter avoiding aggression from multiparas, who have
been in the community longer and are likely to be higher ranking.

The finding that primiparas, but not multiparas, often directed aggression toward adolescents
differs from other published reports. At Mahale, Nishida (1989) considered primiparas and

adolescent nulliparas a single group. There, these females directed more aggression towards each
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other than expected. However, multiparas also gave more aggression to primiparas and
adolescent nulliparas than expected. In the Kanyawara chimpanzee community, Kahlenberg et al.
(2008b) found that high-ranking mothers who occupied high quality core areas were the most
aggressive toward immigrants. Currently, it is not well understood why patterns of intrasexual
aggression displayed by mothers vary between chimpanzee communities.

In sum, observations from this study and others indicate that intrasexual aggression is a tool
female chimpanzees use flexibly to compete with others. Because female chimpanzees must
balance the costs and benefits of competition, they direct intrasexual aggression strategically at
specific opponents (e.g., adolescent nulliparas, infants) during periods of resource scarcity (e.g.,
population growth). However, it is also clear that competition between female chimpanzees
varies over time and between communities. Further research is needed to resolve several
questions raised by this study. For example, will the high rates of aggression directed toward
adolescents by primiparas, but not multiparas, persist over time at Ngogo? Does this pattern of
aggression occur in other chimpanzee communities? Answers to these questions will continue to
enrich our understanding of the subtle way females chimpanzees compete with each other in the

wild.
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CHAPTER 4
Primiparous and multiparous female chimpanzees differ in patterns of intrasexual

affiliation

INTRODUCTION

Females in several primate species form strong social bonds with each other. Recent studies
indicate that females who forge these bonds obtain short-term physiological and long-term
fitness benefits by doing so. For example, female baboons (Papio spp.) who form strong social
bonds with others display lower glucocorticoid levels, produce more surviving offspring, and
live longer than do females who are unable to establish similar bonds (Silk et al. 2003; Silk et al.
2010; Wittig et al. 2008).

Thus far, these findings have largely been derived from studies of two species of baboons in
which females are the philopatric sex. In these cases, strong bonds are often forged between
closely related females, and as a consequence, kinship plays an important role in determining
who befriends whom and who benefits. Female primates, however, do not always live together
with close kin because in some species females disperse from their natal groups. After females
disperse, they are likely to live with unrelated females with whom they maintain weak affiliative
relationships (e.g., mountain gorillas (Gorilla beringei beringei), Watts 2002; hamadryas

baboons (P. hamadryas hamadryas), Barton et al. 1996, but see Swedell 2002; woolly monkeys
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(Lagothrix poeppigii), Di Fiore & Fleischer 2005). In some cases, however, unrelated females
form close social bonds that confer physiological benefits, such as reduced stress (spider
monkeys (Ateles geoffroyi), Rodrigues 2013).

Chimpanzees provide an opportunity to investigate whether unrelated females establish
social bonds and the factors that influence the formation of such bonds. Female chimpanzees
typically disperse from their natal communities (Nishida & Kawanaka 1972; Pusey 1979), and as
a result, pairs of females who live together are typically unrelated (Vigilant et al. 2001;
Langergraber et al. 2009). Previous research indicates that some pairs of unrelated female
chimpanzees forge strong social bonds (Nishida 1989; Boesch & Boesch 2000; Wakefield 2008,
2013; Langergraber et al. 2009; Foerster et al. 2015), but the factors affecting the formation of
these bonds are presently unclear.

Affiliative relationships often occur between individuals who are similar in some way (“the
similarity principle,” de Waal & Luttrell 1986; homophily, reviewed in McPherson et al. 2001).
Unrelated individuals frequently select social partners of similar age or dominance rank (e.g.,
rhesus macaques (Macaca mulatta), de Waal & Luttrell 1986; humans, Kapsalis & Berman
1996; hyenas (Crocuta crocuta), Smith et al. 2007). Female reproductive status is also likely to
affect affiliative relationships. Mothers face a particular set of challenges due to reproduction and
they may benefit from associating with other parous females. Doing so may reduce the risk of
predation through the dilution effect (e.g., order Cetacea, Whitehead & Mann 2000; mouflon
(Ovis aries), Pipia et al. 2009). In species where mothers and offspring receive aggression from
male conspecifics, associating with other mothers may create a safer environment in which to
socialize (Connor & Peterson 1994; Otali & Gilchrist 2006). Creating opportunities for offspring

to develop and maintain relationships is especially important in long-lived, social species, whose
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members must compete and cooperate to reproduce successfully (Poirier & Smith 1974;
Burghardt 2014).

Although the challenges of motherhood can unite females, there is also evidence that mothers
differ. Primiparas, or first-time mothers, differ in many ways from multiparas, mothers who have
given birth multiple times. Primiparas may be young and physiologically immature, which can
reduce the efficiency of lactation (rhesus macaques, Hinde et al. 2009; brown rats (Rattus
norwegicus), Kiinkele & Kenagy 1997). Compared to multiparas, primiparas may invest more
time interacting with or caring for infants (Stanton et al. 2014; Dettmer et al. 2015). This
increased investment may be due to first-time mothers’ inexperience caring for offspring or it
could be a strategy primiparas use to compensate for their relative youth, immaturity, and
inability to compete effectively with multiparas. Differences between primiparas and multiparas
can extend beyond mothers and their offspring. Compared to multiparous brown bear (Ursus
arctos) mothers, primiparas are socially inexperienced and may be less able to defend cubs
against infanticidal conspecifics (Zedrosser et al. 2009). In a population of bottlenose dolphins
(Tursiops truncatus), primiparas associated with nulliparous females or females without
dependent calves while multiparas associated with other mothers with dependent calves (Owen
2000).

Here, I investigate whether the social bonds formed between female chimpanzees varied as a
function of parity. To do so, I examine patterns of association and grooming between females at
Ngogo in the Kibale National Park, Uganda. The Ngogo chimpanzee community is exceptionally
large (Watts 1998; Watts & Mitani 2001; Mitani & Amsler 2003) and contains many females.
Between 2010-2012, 31 surviving infants were born in the community, 12 of them to first-time

mothers. This allowed me to investigate the affiliative behavior of primiparous and multiparous
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mothers. In what follows I address two questions. First, do mothers of different parity associate
more with parous females or with non-mothers (i.e., nulliparous adolescents)? Answering this
question will reveal whether parous females preferentially spend time with females of a similar
reproductive status. Second, do primiparas and multiparas display different patterns of grooming
with unrelated females? Answering this question will reveal whether patterns of intrasexual

grooming vary as a function of mothers’ parity.

METHODS

Study site and subjects

I observed chimpanzees at Ngogo in the Kibale National Park, Uganda. The Kibale Park is
located in western Uganda (0°13'-0°41'N and 30°19’-30°32'E) and covers 795 km®. The Ngogo
chimpanzee community ranges over a 35 km? territory (Mitani et al. 2010) near the center of the
Park. Rain falls throughout the year with an annual mean * standard error of 1397 + 174 mm
(N=10 years, 1998-2007; Mitani 2009). Typically, September-December and March-May are
wetter than average, while intervening months are drier (Butynski 1990; Struhsaker 1997). At an
elevation of approximately 1350 m above sea level, the Ngogo study site lies at a transition
between lowland and montane rainforest and comprises moist, evergreen forest interspersed with
patches of Pennisetum purpureum grassland (Struhsaker 1997). Detailed descriptions of Ngogo
and the ecology of the surrounding area can be found in Butynski (1990); Ghiglieri (1984);
Struhsaker (1997) and Lwanga et al. (2000).

I collected data over 15 months, May-July 2010 and August 2011-July 2012. During this

time the Ngogo community had 17-24 adolescent and 41-51 adult female chimpanzees. My
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analyses on how parity is involved in female social relationships took advantage of the known
reproductive histories of females at Ngogo, which have been continuously recorded since study
began there in 1995. I divided adult females into two groups based on parity: primiparas
(mothers raising their first offspring) and multiparas (mothers with two or more offspring). My
primary study subjects were females with dependent offspring and included 15 primiparas, 18
multiparas, and five mothers who transitioned between these parity categories during the study.

I recorded observations of female chimpanzees interacting with both parous females and
nulliparous adolescents. Here, I use ‘nullipara’ to refer only to adolescent females who have not
yet produced a surviving offspring. Nulliparas comprised 16 individuals: seven natal females and
nine immigrants. Natal adolescent female subjects ranged in age from 10—16 years. Because the
immigrant females dispersed into the Ngogo community from elsewhere, their histories and ages
were unknown.

In addition to these 16 nulliparas, parous subjects sometimes interacted with ‘unknown’
adolescents who could not be identified as individuals. During the study, five adolescents from
other communities immigrated into Ngogo, and they were not always recognizable during the
first few months following immigration. In addition, several peripheral parous females at Ngogo
had adolescent daughters who I also could not easily identify as individuals. Due to this, I treated
adolescents as a category and not as individuals. Although female chimpanzees typically
disperse from their natal community at adolescence (Nishida & Kawanaka 1972; Pusey & Packer
1987), some females at Ngogo do not disperse, instead remaining and reproducing in their natal
community. Eight of the 38 parous study subjects were identified as natal females using long-
term behavioral observations and genetic analyses (Langergraber et al. 2009).

During the study period, the Ngogo chimpanzee community increased from 157 to 190
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individuals, primarily due to births. Twelve adolescent females gave birth to their first surviving
infant either during the study period or within four months prior to the start. Additionally, six
primiparas gave birth to a second infant, transitioning to multiparous status, and 13 multiparas
gave birth. Two infants (less than one year old) died during the study, one from an inferred intra-
community infanticide (K. Langergraber, unpublished data) and one of unknown causes. The
infanticide victim was a neonate born to a first-time mother. Subsequent to the infanticide I
considered the female subject to be an adolescent, not a primipara. This is because the majority
of observations collected on this female took place prior to parturition, when she was an
adolescent. Also, no observations were made during the few days when her infant was alive. The
other infant was born to a multipara, and thus its death did not affect the mother’s reproductive

status.

Behavioral Observations

During the study, I conducted approximately 1100 one-hour focal follows (Altmann 1974) of
individual parous females. On any given day, I conducted no more than two focal follows per
individual, with observation sessions separated by at least two hours. During focal observation
sessions, I made six instantaneous scan samples at 10-minute intervals (Altmann 1974). During
each scan I recorded the composition of the party, noting the identity of adults and adolescents
that I judged to be within visual range of the focal female. I considered all chimpanzees within
this visual range to be ‘in association’ (Pepper et al. 1999; Mitani et al. 2002). I recorded
grooming involving focal subjects and unrelated parous and adolescent females ad libitum,

noting the duration of grooming to the nearest 15 seconds. Females usually groomed in pairs, but
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focal subjects sometimes groomed with two females simultaneously. In the latter cases, I
recorded these as two separate grooming interactions. During each interaction, I recorded the
identity of participants and whether the focal subject was the groomer or recipient of grooming.
With the help of field assistants, I monitored adult and adolescent females’ reproductive
cycles. The sexual swellings of females were scored daily based on turgidity following Dahl et
al. (1991). I considered females exhibiting maximally tumescent swellings to be sexually
receptive (Tutin 1979). I did not include maximally tumescent females as focal subjects because
females are known to alter their association patterns during this time (Pepper et al. 1999;

Matsumoto-Oda 1999), and I was only interested in intrasexual relationships.
Data analyses
Association patterns
Chimpanzees live in a fission—fusion society, and party composition reflects association
preferences (Newton-Fisher 1999). To determine whether association patterns varied with parity,

for each female dyad I calculated a pairwise affinity index (PAI) based on party association

(Pepper et al. 1999). Numerically, this index is:

Iy ™ Zsi(si - 1)
E ai(s;i—1)* E bi(s;i— 1)
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where 1., = the number of scan samples where individuals a and b are in the same party, a; = the
total number of scan samples of a, b; = the total number of scan samples of b, and S; = the size of
group i, where a “group” is defined as the number of individuals in the same party. I normalized
the observed indices by dividing them by their expected values. To generate expected values and
provide a statistical test of the null hypothesis that all individuals behaved the same way, I used a
randomization technique. This procedure repeatedly re-shuffled the membership of observed
parties, while retaining the number of times each individual was observed and the observed
distribution of party sizes. After each randomization, the PAI was calculated for each dyad. I
repeated this process 10,000 times, using the average of the randomized values to generate an
expected value for each pair. I log transformed the observed/expected ratios to ensure that dyadic
interactions above and below expected levels would have equal weight. After log transformation,
x and 1/x have the same magnitude but the opposite sign. To avoid undefined values resulting
from observed or expected values of zero, I truncated the range of the log-transformed values to
—2 <x <2, corresponding to a floor of 0.01 and a ceiling of 100 for observed/expected ratios. As
the composition of females in the community changed over time and not all subjects were
observed each year, I calculated three separate PAIs — one for each year of the study (2010,
2011, and 2012).

To examine whether females formed subgroups based on associations, I conducted
hierarchical cluster analyses implementing the unweighted pair-groups method using arithmetic
averages (UPGMA, Sneath & Sokal 1973). The UPGMA approach is a simple, agglomerative
(bottom-up) hierarchical clustering technique (Norusis 2012). At each step, the two clusters that
are closest in distance are combined into a higher-level cluster. The distance between any two

clusters is calculated as the mean distance between all pairs of objects in the different clusters.
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For the analysis, I used PAIs to construct distance matrices between female subjects and used
squared Euclidean distances. As such, a high PAI is associated with a small inter-female
distance.

The cluster analysis produced a dendrogram, a visual representation of the distance matrix
depicting association patterns of individual females. I identified associative clusters of females
by determining the cutoff points that produced well-defined clusters with the deepest branches,
i.e., the greatest distance between subsequent splitting events or clusters (Romesburg 2004).
These clusters represent subgroups of females who were observed in association often.

Following cluster analysis, an examination of PAIs revealed females belonging to different
clusters rarely or never associated. I therefore used PAls from females belonging to the same
cluster for the subsequent analysis of parity and association. I amalgamated within-cluster PAIs
across the three years of study to create a single dataset. Using a generalized linear model (GLM)
I compared PAIs between females in five dyadic combinations based on parity: primiparas and
adolescent nulliparas, multiparas and adolescent nulliparas, primiparas and primiparas,
primiparas and multiparas, and multiparas and multiparas. In this analysis (GLM1), I utilized
PAISs as the dependent variable and parity of associates as the predictor. Because I was interested
only in affiliation between non-kin, I excluded PAIs between mothers and daughters and sisters
to produce this model. I excluded PAIs involving parous females who were not focal subjects
(due to too few observations) and PAIs involving adolescent nulliparas who were observed in

fewer than 20 association scans in each year of the study.
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Grooming

I investigated whether grooming varied as a function of parity, considering both the focal
mother and three categories of non-kin who themselves differed in parity: adolescent nulliparas,
primiparas, and multiparas. I assessed grooming involvement separately for each year of the
study as some female subjects changed parity status between years. I did not restrict analyses to
within-cluster grooming for two reasons: (1) female chimpanzees groom one another
infrequently (Goodall 1986; Wrangham et al. 1992; Wheeler et al. 2013) and therefore to do so
would overly restrict my sample size; and (2) some adolescent grooming partners of focal
subjects could not be identified as individuals, and therefore they could not be accurately
assigned to a cluster.

In the first grooming model, GLM2, I compared how often individual primiparous and
multiparous mothers were involved in intrasexual grooming. The dependent variable was the
annual amount of time (represented by counts of 15-second segments) that individual mothers
were involved in intrasexual grooming (either as the director and/or recipient of grooming). I
included two predictor variables, the parity of the mother and the parity of the grooming partner
(adolescent nullipara, primipara, or multipara). I also examined the interaction between these two
variables, which involved the same five categories as in GLM1 (see previous description).

Counts of grooming segments were overdispersed, therefore I fit GLM2 with a negative
binomial distribution and a log link function. To account for individual differences in
association, I quantified the number of opportunities each focal female had to groom with
individuals from each of the three parity groups. For each year, I calculated “female-scans” per

parity group by counting the number of adolescent nulliparas, primiparas, and multiparas that the
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focal female associated with across all her focal scans. Counts of female-scans were right
skewed so I applied a natural log transformation. I offset each female’s yearly count of grooming
segments by the natural logarithm of the yearly sum of scan samples in which she was observed
associating with at least one female of the parity group of interest.

Because scan samples were made at 10-minute intervals, I multiplied the resulting rates by

six to obtain hourly rates. I compared rates of grooming using rate ratios (R) where:

R = rate of grooming in group A (reference category)

rate of grooming in group B

Grooming involves two individuals who participate in the interaction in different ways. The
preceding analysis on grooming involvement (GLM2) does not reveal whether mothers were
grooming other females or being groomed by them. To address this, I conducted additional
GLMs examining how often mothers directed and received intrasexual grooming (GLM3 and
GLM4, respectively).

For directed grooming (GLM3), the dependent variable was the annual amount of time
(represented by counts of 15-second segments) that each mother groomed other females. I
included a single predictor variable, the parity of the mother. As I did not observe mothers groom
females in all parity groups, I could not include the parity of grooming partners in GLM3. Lastly,
for GLM4, I examined how much grooming mothers received from females in each of the three
parity groups. The dependent variable was the amount of grooming each mother received from
other females. I included two predictor variables, the parity of the mother, and the parity of the
grooming partner (adolescent nullipara, primipara or multipara). I also examined the interaction

between these two variables, which involved six director-recipient combinations: adolescent-
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primipara, adolescent-multipara, primipara-primipara, primipara-multipara, multipara-primipara,
and multipara-multipara. As directionality is pertinent in the receipt of grooming, there is an
additional category of grooming partners in this analysis (here, multipara-primipara and the
reverse, primipara-multipara are separate categories), compared to the analysis on grooming
involvement.

For both grooming directed and received, counts of grooming segments were overdispersed,
therefore I fit GLMs 3 and 4 with a negative binomial distribution and a log link function. As
with GLM2, I offset each female’s yearly count of grooming segments by the natural logarithm
of the yearly sum of scan samples in which she was observed associating with at least one female
of the parity group of interest.

Statistical analyses were conducted using SPSS for Macintosh, version 22 (© IBM

Corporation). I set the a-level of significance at P < 0.05.

Generalized estimating equations

My observations of female chimpanzee social interactions violate assumptions of
independence for several reasons. Most notably, there are repeated measures within and between
years of data collection (a female observed in all three years of the study would have three rates
per year per GLM). Also, five study subjects transitioned from primiparous to multiparous status
during the study and are represented in more than one parity group. Violation of assumptions of
independence can increase the frequency of type I errors (Clifford et al. 1989). To circumvent
these problems, I utilized generalized estimating equations (GEEs), which account for potential

unknown correlation among outcomes of a GLM (Liang & Zeger 1986). Specifically, GEEs
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use a quasi-likelihood estimation approach, adjusting the standard error to account for the
correlation within observations from the same group, in this case repeated observations of an
individual female chimpanzee. GEEs are favorable as parameter estimates and empirical
standard errors are robust to misspecification of the correlation structure (Dobson 2002; Overall
& Tonidandel 2004). In addition, GEEs are usually less analytically complex than generalized
linear mixed models (Agresti 2002), making model convergence more likely (Koper & Manseau
2009).

For PAI data, there are repeated observations from the same female in different dyads within
the same cluster. In GLM1, I numbered dyads from the same yearly cluster with a dummy
variable. For grooming data, there were repeated observations of individual females within and
between years. In GLMs 2 through 4, I numbered observations from the same focal female with
a dummy variable. I fit all GLMs with an ‘exchangeable’ working correlation matrix, which
assumes that the correlation between any two observations from the same group is the same o

(Jang 2011).

RESULTS

Association

Pairwise affinity indices between female chimpanzees ranged from -2.0 to 1.5. Distributions

of PAIs were similar across the three years of study, although fewer female subjects were

observed in 2010. In all years different female dyads associated more and less than expected,
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based on the null hypothesis that individuals associate randomly (Figure 4.1). In each year

several female dyads were never observed in association (represented by PAls of -2.0).

2010 2011 2012

Frequency

-2.0 0.0 20 -2.0 0.0 20 -2.0 0.0 2.0

PAI

Fig. 4.1. Frequency of pairwise affinity indices of female chimpanzee association during three
years of study. Positive values indicate association greater than expected, while negative values
indicate association less than expected.

Results of cluster analysis using PAIs indices indicate that in each year of the study, females
formed two distinct clusters representing subgroups of individuals who associated frequently
(Figures 4.2, 4.3, 4.4). Each association cluster contained 12-24 study subjects and at least two
females from each parity group. The topology of the dendrogram from 2010 differs from the
other two years, revealing large inter-individual differences. This is likely due to the fact that the
duration of data collection was shorter in 2010 compared to 2011 and 2012, and fewer female
dyads were observed. Despite these differences, cluster membership was stable across the three-
year study period. Of 43 females who were subjects in multiple years of the study, only three

(two natal adolescents, one natal primipara) associated with different clusters across years.
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Fig 4.2. Dendrogram of the results of the UPGMA cluster analysis calculated from the pairwise
affinity indices for females in 2010. Each three-letter code represents a female subject
(adolescent nulliparas are indicated by lowercase letters, primiparas by only the first letter
capitalized, and multiparas by all letters capitalized). Females formed two clusters, which
represent association cliques (red and blue squares).
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Fig 4.3. Dendrogram of the results of the UPGMA cluster analysis calculated from the pairwise
affinity indices for females in 2011. Each three-letter code represents a female subject
(adolescent nulliparas are indicated by lowercase letters, primiparas by only the first letter
capitalized, and multiparas by all letters capitalized). Females formed two clusters, which
represent association cliques (red and blue squares).
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Fig 4.4. Dendrogram of the results of the UPGMA cluster analysis calculated from the pairwise
affinity indices for females in 2012. Each three-letter code represents a female subject
(adolescent nulliparas are indicated by lowercase letters, primiparas by only the first letter
capitalized, and multiparas by all letters capitalized). Females formed two clusters, which
represent association cliques (red and blue squares).
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Fig 4.5. Pairwise affinity indices between parous female chimpanzees and female associates
during three years of study. Means =+ 2 standard errors are shown for indices of females in

different (blue) or the same (green) associative clusters.

To investigate whether female association varied with parity, I compared PAIs between five
groups of females who differed in parity. For females in the same yearly cluster, the parity of
associates was a significant predictor of PAI (GLM1, X°=17.547, df=4, P=0.002). Primiparas and
multiparas had higher PAIs with mothers than they did with adolescent nulliparas (Table 4.3).
Primiparas and multiparas did not differ in PAIs with adolescent nulliparas. Additional
comparisons indicated that there were no differences in PAIs between the three groups involving

only parous females (primipara-primipara, primipara-multipara, and multipara-multipara).
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Table 4.1 Results of GLM1, a test of the effect of parity of associates on pairwise affinity index
(PAI)

Parameter Estimate | Standard | X P Mean PAI ratio”
error value PAI (other:AM)

Intercept -0.248 0.0713 | 12.066 | 0.001

Adolescent- 0.073 0.0916 | 0.0642 | 0.423 0.15 0.93
primipara

Adolescent- 0 . . . 0.16 -
multipara

Primipara- 0.320 0.0967 | 10.923 | 0.001 0.29 1.80
primipara

Multipara- 0.288 0.0856 | 11.368 | 0.001 0.22 1.36
primipara

Multipara- 0.227 0.1011 | 5.024 | 0.025 0.22 1.38
multipara

*Adolescent-multipara (AM) is the reference category for PAI ratios

Grooming

Chimpanzee researchers define grooming interactions in different ways (Goodall 1986;
Lehmann & Boesch 2009; Newton-Fisher 2011; Wakefield 2013). Considering only one bout of
grooming per dyad daily, I observed 179 interactions between mothers and unrelated parous or
adolescent females during 1052 focal hours of females in association. This equates to
approximately one grooming interaction per five hours of observation. There was considerable
inter-individual variation in grooming behavior. In each year of the study, some subjects were
never observed engaged in intrasexual grooming while others groomed with several partners
(range: 0-10 partners per year, mean and median: 2, SD: 2.2). Additionally, parous female
subjects predominantly groomed with partners within their associative cluster. Of 179 grooming
interactions, 145 occurred in dyads for which partners could be assigned to a cluster (not all

females who groomed with focal subjects were observed often enough to be included in cluster
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analysis, and sometimes the identity of adolescent grooming partners could not be ascertained).

Only 11 (8%) of grooming interactions occurred between females assigned to different clusters.

Grooming involvement

To determine whether grooming behavior varied with parity, I compared the amount of time
individual mothers were involved in grooming interactions with adolescent nulliparas,
primiparas, and multiparas. A mother’s parity did indeed predict how often she was involved in
grooming (GLM2, X*=4.016, df=1, P=0.045). Primiparas groomed with other females nearly
three times more often than did multiparas (mean of individual minutes spent per 100 hours +
SD: 30.0 + 73.0 and 10.7 £ 28.7 respectively). Partner parity, on the other hand, did not predict
how often mothers were involved in grooming (GLM2: X*=2.168, df=2, P=0.338).

The interaction of mother and partner parity showed a trend toward predicting mothers’
grooming involvement (GLM2: X*=9.140, df=2, P=0.058). This indicates that the parity of both
the mother and her grooming partner predicted grooming involvement. Of the five parity
combinations, multiparas and adolescent nulliparas spent the least amount of time grooming with
each other (Table 4.2). A comparison of rates indicated primiparas groomed with adolescent
females seven times more often than did multiparas and that this difference was statistically
significant. Additional iterations of the model did not reveal any other differences in duration of

grooming involvement between groups.
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Table 4.2 Results of GLM2, a test of the effect of the interaction of parity of associates on the
duration of intrasexual grooming involving chimpanzee mothers

Parameter Estimate | Standard X P value Mean Rate ratio”
error minutes/100 | (other:AM)

Intercept -3.171 0.5674 31.238 <0.001 hours

Adolescent- 1.308 0.6771 3.732 0.053 24.1 6.5
primipara

Adolescent - 0 . . . 3.7 -
multipara

Primipara- 1.681 0.6969 5.818 0.016 39.3 10.6
primipara

Primipara- 1.091 0.6218 3.080 0.079 18.3 4.9
multipara

Multipara- 1.347 0.5719 5.545 0.019 19.4 52
multipara

*Adolescent-multipara (AM) is the reference category for rate ratios

Grooming given

Grooming involves two individuals who participate in the interaction in different ways. The
preceding results do not make clear whether patterns of grooming resulted from mothers’
involvement as groomers or recipients. To examine this, I conducted a series of additional
analyses. First, I examined whether the amount of grooming mothers gave to other females
varied with parity. Primiparas groomed females more than did multiparas (mean of individual
minutes given per 100 hours = SD: 16.3 + 52.6 and 6.8 + 25.8 respectively). However, this
difference was not significant (GLM3, X°=1.447, df=1, P=0.229). Partner parity was a significant
predictor of an individual mother’s rate of directed grooming (GLM3, X?=15.902, df=2,
P<0.001). Mothers groomed primiparas and multiparas similar amounts (mean of individual
minutes given per 100 hours + SD, respectively: 15.8 + 61.8 and 15.0 + 35.7). However, mothers

groomed adolescents (mean of individual minutes + SD: 4.4 & 14.7 minutes per 100 hours) less
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than they groomed primiparas (P<0.001) or multiparas (P=0.006). Because I did not observe
multiparas grooming adolescent nulliparas during focal observation, I could not investigate the

interaction between groomer and recipient parity.

Grooming received

After I examined grooming mothers gave to other females, I analyzed the receipt of
grooming by mothers. I compared amounts of grooming individual mothers received from
adolescent nulliparas, primiparas, and multiparas. Primiparas received three times more
grooming than did multiparas (mean of individual minutes received per 100 hours + SD: 11.5 +
22.7 and 4.4 + 13.3 respectively). However, this difference was not significant (GLM4:
X*=3.336, df=1, P=0.068). Although the amount of grooming mothers received did not vary as a
function of partner parity (GLM4: X*=4.636, df=1, P=0.098), mothers received significantly less
grooming from multiparas than they did from adolescent nulliparas (GLM4: X°=4.636, df=1,
P=0.038). The mean + SD minutes of grooming individual mothers received per 100 hours from
adolescents and multiparas were 10.0 +23.8 and 5.1 + 11.3 minutes, respectively.

The interaction of groomer and recipient parity did not predict how often mothers received
grooming (GLM4: X*=7.958, df=2, P=0.159). Out of all parity combinations, primiparas
received grooming from adolescent nulliparas most often (Table 4.3). However, this rate was not
significantly different than those between other parity combinations. I conducted multiple
iterations of the model, using each parity group as the reference category and detected no

significant differences in how often mothers groomed mothers.
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Table 4.3 Results of GLM4, a test of the effect of the interaction of groomer and recipient parity
on the rates of intrasexual grooming received by chimpanzee mothers

Parameter Estimate | Standard X P value Mean Rate ratio”
error minutes/100 | (other:AM)

Intercept -3.333 0.6595 25.539 0.000 hours

Adolescent- 1.134 0.7614 2.219 0.136 15.7 4.2
primipara

Adolescent - 0 . . . 3.7 -
multipara

Primipara- 0.745 0.7622 0.955 0.328 12.4 3.4
primipara

Primipara- 0.269 0.8579 0.098 0.754 6.0 1.6
multipara

Multipara- 0.300 0.7238 0.172 0.678 6.6 1.8
primipara

Multipara- -0.215 | 0.3437 0.392 0.531 3.4 0.9
multipara

*Adolescent-multipara (AM) is the reference category for rate ratios. The parity of the groomer is
listed first followed by the parity of the recipient.

DISCUSSION

Results of this study indicated that female chimpanzees did affiliate with non-kin females,
and that patterns of affiliation varied with parity. Mothers associated mainly with other mothers,
rather than with adolescent nulliparas. Mothers of different parity groups also varied in their
grooming interactions. Primiparas were involved in more intrasexual grooming than were
multiparas. This was due, in part, to the high rates of grooming between adolescent nulliparas

and primiparas. In contrast, adolescents and multiparas did not groom often.
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With whom do chimpanzee mothers form intrasexual social bonds?

Chimpanzee mothers at Ngogo associated primarily with other parous females. This finding
is consistent with reports from several other chimpanzee communities. When in association,
mothers are often in nursery parties, groups of mothers and dependent offspring (Kortlandt 1962;
Goodall 1968, Halperin 1979; Boesch 1996; Pepper et al. 1999; but see Wrangham et al. 1992).
Observations from several species suggest that mothers benefit by affiliating with other parous
females. Mothers and their dependents are vulnerable to predation and intersexual aggression,
threats that are stressful and potentially lethal (Corkeron et al. 1987; Boonstra et al. 1998; Taylor
et al. 2000). Gathering together in groups affords mothers protection against such threats (Moller
& Harcourt 2008; Pipia et al. 2009).

In chimpanzees, nursery parties also provide a relatively safe environment in which to
socialize (see Otali & Gilchrist 2006) because aggression between parous female chimpanzees is
rare (Muller 2002; Wakefield 2008). In the Tai chimpanzee community, close intrasexual bonds
are associated with reduced aggression between female partners (Lehmann & Boesch 2009).
Also, in nursery parties mothers gain opportunities to groom same-sex peers. Subsequent to
grooming each other, closely bonded female chimpanzee partners in the Budongo Forest
experienced elevated levels of oxytocin, regardless of their genetic relatedness (Crockford et al.
2013). Oxytocin is a hormone that facilitates bonding in social mammals (Curley & Keverne
2005).

In addition to providing opportunities for mothers to interact with conspecifics, nursery
parties allow dependent offspring to develop relationships and practice social skills (Poirier &

Smith 1974; Watts & Pusey 1993; Williams et al. 2002). This is especially important in species
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with complex social systems and an extended maturation period (Pellis et al. 2014), as
experiences in youth influence future reproductive success (Cameron et al. 2008; Blumstein et al.
2013; Nunes 2014). For example, social play behavior influences social development in several
species (Fagen 1981; Beckhoff & Byers 1998). In chimpanzees, there is evidence that young
individuals seek particular social partners (Watts & Pusey 1993), thus influencing the association
patterns of their mothers (Murray et al. 2014).

While chimpanzee mothers likely benefit from associating with one another, affiliation
between nulliparous and parous chimpanzees is constrained for several reasons. First, while
mothers avoid associating with males (Pepper et al. 1999) due to the risk of aggression (Otali &
Gilchrist 2006), nulliparas, especially immigrants, seek the company of males (Pusey 1980;
Kahlenberg et al. 2008a). Second, nulliparas represent feeding competitors to parous females.
Parous female chimpanzees feed in small, overlapping core areas (Williams et al. 2002; Murray
et al. 2007; Kahlenberg et al. 2008; Hasegawa 1989; Emery Thompson et al. 2007). To
successfully reproduce, adolescent nulliparas must establish a core area, and this likely increases
feeding competition. Thus, parous females are likely to shun adolescents (Nishida 1989;
Kahlenberg et al. 2008; Pusey et al. 2008), rather than affiliate with them. Lastly, from the
perspective of parous females, nulliparas are not desirable social partners, as they may not be
permanent residents of the community and are likely low-ranking (Nishida 1989; Kahlenberg et

al. 2008).
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Do the intrasexual social bonds of primiparas and multiparas differ?

As described above, there are several reasons why mothers, regardless of parity, may benefit
from affiliating with other mothers. My findings on association patterns support this. However,
my results regarding grooming indicate that interactions differed as a function of a female parity.
Primiparas groomed with unrelated females more than did multiparas. Why might primiparas
and multiparas differ in their grooming interactions? One possibility involves the availability of
partners. Chimpanzee mothers preferentially groom offspring, especially dependents (Nishida
1988; Goodall 1986; Sugiyama 1988; Wrangham et al. 1992; Boesch & Boesch 2000). While
primiparas have only one offspring, multiparas may have two dependents, as well as adolescent
and adult offspring. As a consequence, primiparas may have more time available to groom with
non-kin than do multiparas. In the Mahale Mountains chimpanzee community, multiparas
devoted over 85% of their grooming time to offspring while primiparas devoted only around
45% (Nishida 1988").

At Ngogo, differences in mothers’ grooming involvement were related to their interactions
with adolescent nulliparas. Primiparas groomed more often with adolescent nulliparas than did
multiparas. Primiparas sometimes directed grooming toward adolescent females while multiparas
were not observed to do so during focal observation sessions. I observed multiparas grooming
unrelated adolescents a few times outside of focal following episodes, which indicates that these

two types of females do groom each other, but only very rarely. In contrast, the parity

'Values based on data reported in Table II. For individuals with multiple measurements within a
parity category, I calculated a mean. I then calculated a mean of all individuals within each parity
class, and these are the percentages I report.
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combination with highest rate of received grooming was primiparas receiving grooming from
adolescents.

Several reasons may explain why primiparas groomed more with adolescents than did
multiparas. As discussed previously, one reason relates to parity; compared to multiparas,
primiparas likely have more time available for grooming because they only have one offspring.
Observations from several taxa suggest that, for a variety of reasons, primiparity is a particularly
challenging period. If these challenges induce stress, it is possible that first-time mothers invest
in intrasexual grooming relationships as a coping mechanism (see Taylor et al. 2000).
Adolescent nulliparas, who lack offspring and are in the process of integrating themselves
socially into a new community, may be willing partners (e.g., Idani 1991; Guan et al. 2013).

In addition to parity, demographic factors specific to Ngogo may have contributed to the
relatively close social bonds between primiparas and nulliparas. When this study began in 2010,
there was a large cohort of 20 adolescents in the community. Ten of these individuals
transitioned to motherhood over 27 months, while eight (five natal, three immigrant) remained
nulliparous. Affiliative bonds between female chimpanzees may form during adolescence
(Nishida 2012; Foerster et al. 2015), and studies indicate that social bonds between female
chimpanzees are stable across years (Nishida 1989; Boesch & Boesch 2000; Wakefield 2008,
2013; Langergraber et al. 2009; Lehmann & Boesch 2009). Females who forge bonds as
adolescents may retain those bonds, even if one individual transitions to motherhood before the
other. Thus, the high rates of grooming between primiparas and adolescents in this study may
reflect social bonds formed as adolescents. This is supported by the observation that nearly all
grooming interactions between mothers and adolescents at Ngogo involved familiar adolescents,

natal and immigrant, rather than new immigrants to the community.
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One limitation of this study is that the variable of interest, parity, is positively correlated with
age, which may also play an important role in influencing affiliation between female
chimpanzees. Additional research will be required to tease apart the influences of parity and age
on female association patterns. Several other questions about female chimpanzee sociality
remain unanswered. For example, it is not clear whether the differences observed between
primiparas and multiparas in this study are specific to Ngogo, or whether they apply to other
communities. In addition, we do not yet know whether differences in female chimpanzee
affiliation have any implications for their health and reproductive success. As primiparity is an
important life history event (Stearns 1992) and female social bonds influence fitness in other

species, this is a critical area that warrants further study.
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CHAPTER 5

CONCLUSION

In this thesis I examined the question: do the lives of first-time chimpanzee mothers differ
from those of mothers with two or more offspring? To address this question I conducted a
systematic study of the behavior of wild female chimpanzees at Ngogo in the Kibale National
Park, Uganda. Specifically, I compared patterns of ranging, aggression, and affiliation between

primiparous and multiparous mothers.

Female ranging patterns

In chapter 2 I quantified how females used space in the Ngogo territory. I found that
individuals restricted their movements to small overlapping home ranges that are embedded
within the larger community territory. These observations support prior research from several
other chimpanzee communities (Gombe: Williams et al. 2002; Murray et al. 2007; Kanyawara:
Wrangham et al. 1996; Kahlenberg et al. 2008b; Mahale: Hasegawa 1989). The additional data
from Ngogo provided in this dissertation therefore strengthen the assertion that this pattern of
space use is typical for female chimpanzees in East Africa. Ranging over a small area likely

allows females to gain specialized knowledge of food resources and maximize their foraging
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efficiency (Wrangham & Smuts 1980; Pusey et al. 1997; Williams et al. 2002). This differential
use of space may also prevent potentially costly competition by reducing the number of females
with whom each individual must regularly compete (Wrangham 1979; Williams et al. 2002).

The data presented in Chapter 2 also demonstrate that the home ranges of Ngogo females
clustered into two neighborhoods based on ranging similarity. Spatial neighborhoods have also
been reported in communities at Gombe (Williams et al. 2002) and Kanyawara (Emery
Thompson et al. 2007). The two neighborhoods at Ngogo overlapped extensively and contained
food resources utilized intensively by females. The degree of neighborhood overlap at Ngogo
differs from Kanyawara, where neighborhoods barely overlap. Compared to Kanyawara, high
neighborhood overlap at Ngogo may relate to the relatively abundant food there, which may
make sharing space less costly for females (see Murray et al. 2007). It is also possible that the
high density of females at Ngogo makes it difficult to avoid space use overlap. At Gombe and
Kanyawara, neighborhood affiliation is important as it affects a female’s ability to access food,
her behavior, and ultimately her fitness (Williams et al. 2002; Emery Thompson et al. 2007).
Future studies will be necessary to evaluate whether similar relationships exist at Ngogo.

Finally in chapter 2, I investigated whether parity, reproductive cycle stage, and the presence
of dependent offspring influenced female home range size. Some studies report that female
chimpanzees experiencing the burdens of energetically costly lactation and traveling with
dependent offspring restrict their ranging compared to other females (Wrangham & Smuts 1980;
Goodall 1986; Hasegawa 1990; Boesch & Boesch-Achermann 2000; Wrangham 2000; Williams
et al. 2002; Bates & Byrne 2009). Based on these findings, I was particularly interested in

determining if parity, more generally, influenced female space use at Ngogo.
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I did not find evidence that parity, reproductive cycle stage, or the presence of dependent
offspring affected the size of individual female home ranges. However, my results did indicate
that the number of observations per female influenced estimates of home range size. Therefore,
these results should be considered preliminary. Additional research will be required to obtain
larger samples of observations. These samples, in turn, can be used to test the relationships
between these factors and individual female home range size. As there is no consensus in the
literature regarding the influence of reproductive factors on female ranging patterns, future
research of space use at Ngogo, which possesses both a dense population of females and

abundant food resources, is likely to provide novel insights.

Female intrasexual aggression

Evidence from several communities indicates that female chimpanzees compete aggressively
for resources (Williams et al. 2002; Murray et al. 2007; Kahlenberg et al. 2008a,b; Miller et al.
2014), and that this behavior influences fitness (Pusey et al. 1997; Emery Thompson et al. 2007).
In chapter 3, I examined patterns of female aggression at Ngogo and found that aggression
between females occurred more often than has been reported in other East African communities.
There are several reasons that may explain the high rates of female intrasexual aggression
observed at Ngogo. First, among primates, rates of female agonism increase with the number of
female competitors in a group (Wheeler et al. 2013). The Ngogo community is large and group
members live at relatively high density (Watts 1998; Watts & Mitani 2001; Mitani & Amsler
2003; Potts et al. 2009). Second, females at Ngogo are gregarious compared to females in other

East African chimpanzee communities (Wakefield 2008, 2013), and thus they frequently
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associate with potential competitors. Third, during this study, the number of chimpanzees at
Ngogo increased both due to births and the immigration of adolescent nulliparas into the
community. It is likely that this increase in community size exacerbated competition for
resources. Observations from several East African chimpanzee communities indicate nulliparous
adolescent females seek to establish individual ranges, and increased feeding competition ensues
where they settle (reviewed in Pusey at al. 2013). As a result, chimpanzee mothers regard
adolescents as competitors and target them with aggression to prevent them from settling
(Nishida 1989; Kahlenberg et al. 2008a; Pusey et al. 2008). In accord with results reported from
other chimpanzee communities, I found that female aggression at Ngogo was most often directed
by mothers toward adolescent nulliparas. However, when I considered primiparas and multiparas
separately, I found that first-time mothers drove this pattern. Why did primiparas engage in
potentially costly aggression so often?

First, primiparas are beginning potentially long reproductive careers. Utilizing aggression to
resist the presence of nulliparous competitors may be especially beneficial for first-time mothers.
In this way, they can increase the amount of food available to themselves over the long-term.
Secondly, if the challenges of being a mother for the first time cause primiparas to experience
relatively high levels of resource competition, this could explain why primiparas directed high
rates of aggression towards adolescents. These two scenarios are supported by observations from
Gombe, which indicate that female chimpanzees appear to escalate aggression when the potential
benefits of doing so are high (Pusey et al. 2008). Lastly, the relatively high rates of aggression
between primiparas and adolescent nulliparas at Ngogo could result from the latter avoiding

aggression from multiparas, who may be higher ranking.
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The high rates of aggression directed toward adolescents by primiparas documented in this
study differ from findings reported in prior research. At Mahale, Nishida (1989) considered
primiparas and adolescent nulliparas a single group and found that they directed more aggression
towards each other than expected. However, multiparas also directed more aggression towards
primiparas and adolescents than expected, which contrasts with my observations. Additionally,
in the Kanyawara chimpanzee community, high-ranking mothers ranging in high quality areas
were the most aggressive toward immigrant nulliparas (Kahlenberg et al. 2008a). At Kanyawara,
females rise in rank with age, and thus the dominant females are likely multiparous. These
comparisons suggest that inter-community variation exists in the aggressive behavior of mothers
who vary in parity. However, methodological differences between studies and demographic and
ecological variations between sites (e.g. community size, food availability) make it difficult to
interpret intercommunity differences in female aggression.

Observations from Ngogo support the assertion that female chimpanzees utilize intrasexual
aggression to compete. By considering primiparas and multiparas separately, I showed that
females displayed different patterns of aggression. This suggests that competition affects mothers
in different ways. These results expand our knowledge regarding how female chimpanzees

compete in the wild.

Female affiliative relationships

While females compete directly with each other, as explored in Chapter 3, they must also

invest in forging social bonds. Females in several primate species form strong social bonds with

each other, and research indicates they obtain short-term physiological and long-term fitness

128



benefits by doing so (Seyfarth & Cheney 2012). These findings have been derived from species
in which females are the philopatric sex. In these cases, females form bonds with other closely
related females, and kinship strongly influences who does what with whom. Less is known about
female social bonds in species, such as chimpanzees, where females are dispersing sex.

I began chapter 4 by investigating whether unrelated female chimpanzees at Ngogo formed
social bonds with one another. Results indicated that mothers most often associated and groomed
with other mothers, rather than with adolescent nulliparas. This mirrors the results from prior
studies of chimpanzees and several other species, which indicate affiliative social interactions
between parous females benefit mothers and their dependent offspring (Taylor et al. 2000;
Boesch & Boesch-Achermann 2000; Cameron et al. 2009).

Subsequently in chapter 4, I examined whether primiparas and multiparas displayed different
patterns of affiliation with unrelated females. Similar to the results on aggression in chapter 3,
different patterns emerged when mothers were classified by parity. Primiparas were more often
involved in grooming interactions with adolescent nulliparas than were multiparas. This was
driven by the relatively high rates of grooming that primiparas received from adolescent females.
Several factors may help explain this pattern. First, primiparas, who have only one offspring,
have more time available to groom non-kin compared to multiparas, who may have several
offspring to attend and care for. Second, affiliative bonds between female chimpanzees may
begin forming in adolescence (Nishida 2012; Foerster et al. 2015). Bonds between female
chimpanzees have been observed to persist across years (Nishida 1989; Boesch & Boesch-
Achermann 2000; Wakefield 2008; Langergraber et al. 2009; Lehmann & Boesch 2009). These
observations suggest that females who forge bonds as adolescents may retain those bonds, even

if one individual transitions to motherhood before the other.
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Future directions

This thesis reveals the importance of considering parity when investigating the behavior of
chimpanzee mothers, as primiparas and multiparas differ. The results presented here also
highlight several important areas in need of further study. In the following, I discuss three of
these areas.

First, it will be instructive to compare the results of this study with additional studies at
Ngogo that take place during a time of population stability. Compared with longer-studied
communities such as those at Gombe, Mahale, and Kanyawara, less is known about the lives of
female chimpanzees at Ngogo. The paucity of data makes it impossible to determine whether the
patterns of behavior observed in this study are generalizable. Were these patterns a reflection of
what is typical in this extremely large community, or do they stem from the increase in
community size and the large cohort of females who gave birth for the first time? Studying the
behavior of females at Ngogo during a period of population stability or even decline would
provide the necessary data to address and resolve these questions.

Second, this thesis provides insight into female behavior from the perspective of mothers.
While I have shown that mothers’ social interactions vary with parity, the influence of parity
extends beyond these females. The results presented here indicate that behavioral differences
between primiparas and multiparas involved their interactions with adolescent nulliparas.
Examining matters from the perspective of adolescent females and how they range and interact
with other females in the Ngogo community would complement the results presented in this

thesis.
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Third, in this thesis I focused on one variable, a mother’s parity. However, parity is
positively correlated with female age, which can make it challenging to disentangle the
individual effects of each (e.g., Fessler et al. 2005). As mentioned previously, reports from some
other chimpanzee communities indicate that as females age, they also tend to rise in dominance
rank (Nishida 1989; Pusey et al. 1997; Greengrass 2005; Kahlenberg 2006; Murray et al. 2006).
Thus, rank and parity are also likely to be positively correlated. In this study, I focused on parity
because the ages of many female subjects, as well as their dominance relationships, were not
well known. Depending on the specific research questions asked, one variable may a better
predicator than another. Ideally, as data on parity, age, and dominance relationships become
known, they can all be analyzed together to tease apart their effects as explanatory mechanisms.

While previous research on female chimpanzees has emphasized differences between parous
and nulliparous females, this dissertation reveals that the parity of mothers is also important. A
major contribution of my research is that I have shown that primiparous and multiparous mothers
differed in their aggressive and affiliative behavior. Thus, if mothers are considered a single
category, this may mask important behavioral variation. Building on previous work (e.g.,
Nishida 1989; Stanton et al. 2014), my findings highlight the importance of examining how
females navigate the unique challenges of primiparity. In doing so, added insight has been

provided into how evolution has shaped the behavior of primate mothers.
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