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Abstract of the Dissertation
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(Pan troglodytes schweinfurthii)
by
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Doctor of Philosophy
in
Anthropology
Stony Brook University

2009

In species characterized by fission-fusion, individuals typically experience fewer
constraints of cohesive grouping and have greater control over individual foraging
decisions. Fission-fusion is often accompanied by clear sex differencesin ranging and
association patterns thought to reflect a female strategy of avoiding potential feeding
competition (spending more time alone or in smaller parties and in smaller differentiated
home ranges) and a male strategy of improving mating success through increased
sociality and cooperative territory defense (larger parties, larger home range). While this
pattern has been observed in anumber of fission-fusion species, little is known regarding
how this translates into sex differencesin actual feeding and foraging behavior. In this

thesis | investigate sex differencesin the behavioral ecology of chimpanzees (Pan



troglodytes schweinfurthii) by examining whether: 1) males and females differ in
foraging effort and diet quality, 2) males and females respond differently to effects of
increased party size, and 3) differencesin range use relate to foraging. Data collection
focused on comparing the foraging behavior of anestrous females and adult malesin the
Kanyawara community of Kibale Nationa Park, Ugandafrom May 2004 to July 2005.
Results indicate that while overall feeding behavior was similar, foraging strategies
diverged significantly during periods of preferred fruit scarcity. Males and females
exhibited a similar pattern of caloric and macronutrient intake. However, females
responded moreto fruit availability by increasing the time they spent feeding and feeding
more on fig fruit when preferred fruits were scarce. Despite the fact that females
increased their foraging effort, they were not as energetically efficient as males due to the
high energetic costs of reproduction and their choice of fallback foods that were high in
absolute caloric value but lower in energy return per unit time as compared to the
fallback foods favored by males. Females were more likely to experience costs associated
with increased party size, but energetic analysis revealed that they were largely able to
avoid such costs by remaining in smaller partiesin which they could compensate for
increased travel effort with increased intake. Both males and females travelled the same
daily distance, visiting patches of similar size and number, but females used a smaller
range more intensively indicating that their range use reflects foraging effort more so
than male range use. These results provide evidence supporting the hypothesis that
female chimpanzees, in contrast to males, remain in smaller parties and use smaller core
areas in order to avoid resource competition and improve their access to food resources.

The fact that males and females exhibited similar overall foraging effort and obtained a



similar quality diet despite such behavioral differences, indicates that studies of sex
differences in foraging require detailed data that incorporates nutritional and seasonal

adaptations.
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And landed back home in a garden of green”
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Chapter 1

Introduction and summary of chapters

Socioecological theory is largely based on the latirtdetween reproductive
effort in male and female mammals (Trivers 1972akigham 1979a, Sterck et al. 1997).
Females typically invest more energy in parentirethrough gestation, lactation and
infant rearing while males devote more energy ttimgaeffort, which may include
maintenance of larger body size in sexually dimargpecies or increased aggression
and agonistic displays through territorial and ndgfense (Coehlo 1974, Key and Aiello
2000). Female reproductive success thus primaepedds on the ability to acquire high
quality resources, while the reproductive succéssmale depends mainly on obtaining
access to receptive females (Williams 1966, Triu&s2, Emlen and Oring 1977,
Wrangham 1980). In species characterized by higtldeof mate competition, sex
differences in diet may be a byproduct of sexualatphism due to differences in the
costs of maintaining large body mass as well gsadate abilities to exploit certain
resources (Clutton-Brock 1977, lllius and GordoB2,9yiraffe: Ginnett and Demment
1997; elephant: Stokke 1999). However, in mammadtis w to moderate dimorphism,
the high metabolic costs of gestation, lactation @fant rearing encountered by
females, increasing as much as 50% in primates,smagrsede the additional body size

costs faced by males (Portman 1970, Key and Rd38)19n cases where female



requirements are greater than males, it is expe¢btgdemales will employ more
efficient foraging and energy conservation strasghan males (primates: Nakagawa
2000, house mice: Perrigo and Bronson 1985, Rislear‘d ground squirrels: Michener
1998, big brown bats: Wilkinson and Barclay 19%4ls: Beck et al. 2003). This
distinction has a major impact on mammalian sa&yatems, influencing variation in
dominance regimes, mating systems, and rangingrpat{Wrangham 1980, Clutton-
Brock 1989).

Fission-fusion social systems are a prominent eawithe interplay between
sex differences in reproductive effort and sociglmization. Individuals in fission-
fusion groups (communities) travel and forage ibgsaups of varying size and
composition throughout the day, but share a defoedmunity range (Wrangham
1979a, Goodall 1986). These fluid patterns of nag@ind association often vary
according to sex as is observed in chimpanzZeas t¢oglodytes). Philopatric males tend
to travel in larger groups and cover the entire wamity range, whereas females spend
more time alone or in smaller parties and concentreeir activity in smaller home
ranges dispersed within the community range (Wrangh979b, Wrangham and Smuts
1980, Hasegawa 1990).This system is thought teakthe fact that females are
particularly vulnerable to resource competitiong@upet al. 1997, Wrangham 2000,
Murray et al 2006). While males may also be suligatcreased feeding competition in
larger parties (Murray 2006), studies suggestttiet are more likely to benefit from
group membership in terms of patrol and huntingess (Watts and Mitani 2002),
mating tolerance (Duffy et al. 2007) and the opmaity to establish social bonds and

rank relations (Goodall 1986, Nishida and Hosaka6).9



The social and ecological flexibility of fissiongion has resulted in chimpanzees
serving as illustrative case studies for many $@aid foraging theories (Chapman and
Chapman 2000). Firstly, they are not constrainethbypressures of cohesive grouping
which may result in a lack of interindividual varan in foraging decisions due to the
need for group synchrony. In addition, like manlyestprimates they are frugivorous and
must search for patches distributed in a seas@imiat (Chapman et al. 1995, Chapman
and Chapman 2000). The ability of individuals tmjand leave a party in such feeding
contexts therefore creates a system in which basaging models can be tested
relatively free of social constraints. In additi@hjmpanzees display a moderate level of
dimorphism in body mass and this is therefore @hilto be a major confounding factor
in examining feeding behavior in this species. Gianeees therefore offer an ideal
system in which to test sex differences in foragiegavior. However, such differences
have primarily been described in reference to ¢éimealle bias in extractive foraging,
resulting in increased consumption of insects artd,ras well as a male bias in hunting
and meat consumption (McGrew 1979, Boesch 1981 &@b»886 Pandolfi 2003, Doran
1997). In both cases, these behaviors are viewed asosocial and cultural phenomena
than as adaptations to dietary requirements ogiiegestrategy (Whiten et al. 2001,
Pandolfi et al. 2003, but see Gilby et al. 2007).

In this study | investigate sex differences iedeg ecology in chimpanzees. The
goal of this research was to evaluate whether thersex differences in diet and
foraging behavior when individuals are releasedthfgroup constraints. By looking at

this question in the absence of confounding factach as group cohesion and extensive



body mass dimorphism, this study seeks to testlwasnponents of the theoretical model
of chimpanzee social organization and relate thisther primate social systems.

| begin by comparing general foraging behavior dietl quality among males and
females in chapter 2. Specifically, | investigateether females, driven by high energetic
requirements of reproduction, exhibit greater farggeffort and obtain a higher quality
diet or alternatively, whether males, as the domtisax, enjoy a higher quality diet. |
relate foraging behavior to efficiency by measumetual intake, diet selection and
response to preferred fruit availability.

In chapter 3, | examine the relative effects otyaize on males and females.
The flexibility of fission-fusion provides a natliexperimental setting in which to test
whether females are more likely to avoid costs itiiiw group scramble competition
(WGS) by foraging in smaller parties. In contrasales are expected to tolerate
competition imposed by greater gregariousnesséhange for social and mating
benefits. | investigate this relation by compargifgcts of party size on intake and
locomotor expenditure in males and females.

Finally, in chapter 4, | evaluate whether the comim@bserved sex differences
in chimpanzee ranging relate to corresponding diffees in foraging strategy. In
addition to travelling in smaller parties, anesgrdéemales are expected to avoid potential
competition by dispersing themselves in smallee@eas of varying quality. Male
ranging is expected to maximize access to femallesrehrough direct mate defense or
resource defense, and chimpanzee males are thetwetido cooperatively defend the

community range, travelling farther distances atilizing the extent of the range. To



examine how these patterns are related to forddoak at how daily travel distance

relates to patch use in each sex and compare hdes mad females use their range.
The chapters in this dissertation are presentétdapendent papers. However,

the topics in each are closely related. The cometudhapter offers a synthesis of these

results and puts them in the context of sex diffees in other primates and mammals.
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Chapter 2

Sex differences in the foraging ecology of chimpaaes Pan troglodytes)

Abstract

Sex differences in feeding and foraging behavioorgmmammals are ultimately
expected to reflect divergent reproductive priedgtiFemales are primarily constrained by
their ability to meet the high energetic costsegroduction, whereas male mating
success is largely limited by access to receptaweafes. It is therefore generally
expected that females will be more likely to maxentheir foraging efficiency in order
to maintain optimal maternal condition while mabg8 tend to place greater priority on
social and mating tactics. Chimpanzean(troglodytes), unlike most primates, are
characterized by a fission-fusion social systenh dflaws for greater individual
flexibility in foraging. However, how this flexibtly translates into sex differences in diet
quality, foraging effort and foraging efficiencyusknown. This study therefore
examines whether males and females differ in noyd intake and foraging strategy.
Over 1,400 hours of data were collected on 5 adales and 5 anestrous females in the
Kanyawara community of Kibale National Park, Ugafrdan mid 2004-mid 2005.

Using full day focal animal sampling, data on 1gtdry intake, 2) activity, and 3)



seasonal variation were collected and combined avitextensive nutritional database for
the community. Overall, both males and females woresl about 3,000 kcal on a daily
basis (females: 3, 068kcal, males: 3, 247kcal)sgeaht around 30% of time feeding
(females: 32.9% of time, males: 32.7% of time). ldgar, when preferred fruit was
limited, females, but not males, increased the tiney spent feeding and spent more
time feeding on fig fruits compared to males. Mal&knot change their activity budget
but spent more time feeding on herbs as compartahtales. Despite the fact that
females spent more time feeding on fig fruits thaales, males had a higher net caloric
intake as they relied more on fallback foods whighile lower in absolute nutrient
value, had a higher net caloric return due to highteke rates. These results indicate
that studies of sex differences in foraging behariast be accompanied by data on
nutritional and seasonal intake as differences b@agoncealed by overall similarities ,

even in species unconstrained by group cohesion.

Introduction

Sex differences in reproductive priorities oftenveeas the basis for hypotheses
explaining variation in foraging strategy and sbor@anization in mammals (Wrangham
1980, van Schaik 1989, Main et al. 1996). Femadecapected to maximize energetic
and nutritional intake due to the high costs ofedpction whereas males are expected to
maximize time spent acquiring mates (Schoener 19 B number of taxa, females may
cope with these added costs by spending more gewirfg (capuchins: Fragaszy 1986,
giraffes: Ginnett and Demment 1997), feeding oméigyuality items (red deer: Clutton-

Brock et al. 1982, squirrel monkeys: Boinski 198@phants: Stokke 1999), feeding at
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higher rates (bighorn sheep: Ruckstuhl et al. 2803y sheep: Pérez-Barberia et al.
2007), or storing energy more efficiently (sealscBet al. 2003) than males. Males on
the other hand may reduce foraging effort in fasoactivities related to resource and/or
mate defense, primarily through direct mate coitipetor territoriality (baboons:
Alberts et al. 1996, ground squirrels: Michener8,9®hgulates: Mysterud et al. 2004,
bighorn rams: Pelletier et al. 2006). However, eimiany studies have documented sex
differences in foraging behavior, the relative gre¢ic and nutritional consequences of
these differences are less clear (but see Kno®,1198kagawa 2000). This is in part due
to the confounding effects of sexual dimorphismvai as the constraints of activity
synchrony in species living in cohesive social geun addition, dominance interactions
between individuals limit intake and foraging ayiland in most gregarious species,
males are dominant to females and may have priofiaccess when foraging. Thus, it is
often difficult to isolate factors driving sex difences in foraging. In this paper |
examine sex differences by comparing nutrient ietééraging effort and foraging
efficiency in wild chimpanzee$én troglodytes).

Unlike most primates, chimpanzees are characteliyetfission-fusion system
in which community members share a common homeerangtravel in dispersed parties
of varying size and composition (Wrangham 1979, da¢ldl 986). Anestrous females
tend to travel in small parties centered aroune emeas, presumably to avoid
competition and secure access to higher qualiguress (Wrangham and Smuts 1980,
Pusey et al. 1997, Murray et al. 2006, Emery Thamp al. 2007). Males are
philopatric and maximize mating success througteaance of rank and social bonds

(Constable et al. 2001, Boesch et al. 2006, Dufgl.€2007). They are thus typically
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more gregarious and found in larger parties thapeaatively defend the community
territory (Wrangham 1979, Williams et al. 2004) cBwa distinction would suggest sex
differences in foraging and intake, but to datdy ¢ime well documented male bias in
hunting (e.g. meat consumption) and female biaxtractive foraging (e.g. termite
fishing and nut pounding) have been documentedthereof which is likely to result in a
substantial contribution to overall nutritionalake as they constitute a relatively minor
portion of the chimpanzee diet (McGrew 1979, Golbd@86, Mitani et al. 2002,
Pandolfi et al. 2003).

Differences in nutritional intake are often preditts a result of distinct costs of
reproduction. Gestation and lactation are partitpldemanding, with energy and protein
requirements increasing as much as 50% in prin{R@sman 1970, Oftedahl 1984,
Aiello and Key 2002). A female’s energetic statad averall body condition have also
been shown to influence timing of conception, infaurvival, and infant growth rate
(Altmann 1980, Bercovitch 1987, Koenig et al. 198/ mann and Alberts 2005). Such
reproductive costs may outweigh those encounteyeddbes due to body size in
moderately sexually dimorphic species (males <68%er than females) (Key and Ross
1999). Chimpanzees are characterized by a relgtioef level of sexual dimorphism in
body mass (males are 30% heavier than femalesh@mit Jungers 1997) as well as
extended periods of gestation, lactation and infi@velopment (Goodall 1986, Aiello
and Key 2002). Moreover, studies have shown thmbrkictive parameters such as
estrogen level and waiting time to conception &wsaty linked with fruit availability and
presumably energy balance in female chimpanzeesrElhompson and Wrangham

2008). It is therefore predicted that female chingeges will require a more nutritious,
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high energy diet as compared to males and thashiaald therefore translate into greater
foraging effort.

Individuals may maximize intake by increasing tHemaging effort, selecting for
higher quality foods and/or feeding at higher rabegohesive species, these strategies
may be limited by group level decisions and domeaainteractions (Janson 1985,
Conradt and Roeper 2000, Vogel 2005). In chimpas)zeales are consistently dominant
to females as measured by indicators such as pantsgand submissive behavior
(Goodall 1986). However, greater flexibility in gnwing may allow both males and
females to avoid extensive competition and consainigh quality diet, dominated by
ripe fruit (Goodall 1986, Conklin-Brittain et al998). Like most primates, they respond
to reduced food availability and distribution bgiieasing time spent feeding (Doran
1997), either increasing or decreasing travel {iDwran 1997, Herbinger et al. 2001,
Matsumoto-Oda 2002) or broadening the diet to ihela variety of lower quality but
readily available fallback foods including pithalees, and nuts (Isabirye-Basuta 1989,
Furuichi et al. 2001). Chimpanzees may also respofichited resource availability by
reducing party size (Chapman et al. 1995, Dorar7 1BBtani et al. 2002). Since males
invest more in maintaining rank relations and arestoften found in larger parties, the
ability to adapt their foraging strategy may be enlimited than females (Murray et al.
2006).

In this study | test the hypothesis that femaleseth by high costs of
reproduction obtain a higher quality diet througbaier foraging effort and efficiency.
Here | define efficiency in terms of 1) diet compio®, 2) net energy gain per unit

foraging time and 3) response to resource avaitiabHemales are predicted to spend
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more time feeding on higher quality foods, resgjtim a higher net energy gain. Females
are also expected to increase their feeding edfwdtfeed on higher quality fallback foods
in order to maintain a more consistent intake wherferred foods become scarce. In
addition, | consider the alternative hypothesig thales, as the dominant sex, obtain a

higher quality diet.

Methods
Sudy Ste and Community

Research was conducted from May 2004 to July 20@Bea Kibale National Park
located in western Uganda (site described prewdmgiChapman et al. 1995, Struhsaker
1997). The majority of the 766 Kymid-altitude park is characterized by moist,
evergreen forest and includes a mix of swamp, adspine plantations, thicket, and
secondary forest. Annual rainfall averages 1,662 waith two rainy seasons per year
(typically March through May and August through avwber) (Struhsaker 1997).

This study focused on the Kanyawara community whigs been the subject of
long-term study by Dr. Richard Wrangham and theakéliChimpanzee Project (KCP)
since 1987 (Wrangham et al. 1992). During the spe&tjod, the community consisted of
55 known individuals including 10 adult males addatiult females (11 of which were

encountered during this study).
Data Collection

Full day focal follows (Altmann 1974) were conduwttan adult males and

anestrous females (i.e. pregnant or lactating fes)dTable 2.1). Five individuals of
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varying rank and age were sampled from each sexdier to obtain a consistent and
unbiased sample of the community throughout theysperiod. Each female traveled
with at least one infant and one juvenile during study. If a female focal animal came
into estrus, she was not followed during the pldseaximal anogenital swelling
(typically lasting 10-12 days (Goodall 1986)) irder to avoid confounding socio-sexual
influences. Complete nest to nest follows wereatotiys possible (mean follow = 9.2
hours), thus partial day follows consisting of o@drours of observation were also
included as they closely approximated full day ealu~ocal follows were distributed

evenly by sex and season (Table 2.1).

Behavioral Data

During focal follows, activity was recorded ugione minute instantaneous
sampling (Altmann 1974). Activity was categorizedfeeding, traveling, resting, social,
and other. Travel was further classified to reftdiffierent energetic costs (e.qg. terrestrial
guadrupedal walking, arboreal quadrupedal walkitigybing, and descending). Travel
distance on the ground was measured continuougbabing behind the focal animal. All
arboreal travel distance was visually estimated.

When the focal individual was feeding, the spequant part, and phytophase
(e.g. ripe, unripe, young, mature) of the food wex@rded. Intake rates were recorded
opportunistically and were measured as the numfaégras (e.g. fruits, leaves) ingested
during a continuous 60 second interval. If the fadeth was large, the percentage of the
item consumed during the interval was recordedcamyerted to an estimated weight.

When feeding on pith, intake was estimated andigdrby collecting the remnant peel
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after the focal individual had moved on. | attenoptie sample at least ten intake rates per
individual per food item. In cases where this waspossible (n=19 out of 240 cases) |
assigned an estimated rate based on the averagelifaduals of the same sex. Intake

rates for meat consumption were estimated basedlonlations from Boesch (1994).

Nutritional Data

Nutritional data for all major foods eaten by thangawara community were
provided by Dr. Nancy-Lou Conklin-Brittain and DRichard Wrangham of Harvard
University (see Conklin-Britain et al. 1998, 2008)easurements included
concentrations of crude protein, water soluble aydrates (WSC), total nonstructural
carbohydrates (TNC), lipids, neutral detergentrfidDF), acid detergent fiber (ADF),
hemicellulose (HC), and condensed tannins (CT).ithaidhl food items that were
underrepresented or absent in the existing databasecollected during this study (n=
29 items). Samples were collected as close aslpedsithe location where an individual
was observed feeding and transported back to seareh camp. For each sample item
(minimum of 10 samples per food item), the whokt weight was recorded and the
item was separated into component parts (e.g. pedul, skin, peel, pith) before being
dried in an onsite dryer, reweighed to the neayesh, and stored for transport.
Macronutrient analyses of newly collected itemsenssnducted by the laboratory of Dr.
Joerg Ganzhorn in the Department of Ecology ands@mation, Hamburg University.
Methods used were comparable to those of Dr. Coildittain (Ganzhorn and Harthun

2000, Conklin-Brittain et al. 1998).
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Energy content was calculated using standard plogsaal fuel values of 4
kcal/g carbohydrate, 4 kcal/g crude protein, akdd@/g lipid based on human data
(National Research Council 1980). Since chimpanmegsbe able to extract additional
energy from NDF through fermentation, an alterreativeasure of potential energy
including fermentation was calculated using thespdiggical fuel value of 1.5kcal/g
NDF (Milton and Demment 1988, Conklin and Wranght884, Conklin-Brittain et al.
2006). All nutritional values are presented in temif percentage of organic matter (OM)
(Conklin-Brittain et al. 2006). Nutritional inforntian was available for items
representing 93% of total feeding time (n=51 faens). The nutritional values for items
constituting an additional 5% of feeding time (nfo@d items) were estimated based on
data for similar items, or, in the case of measgdlon the mean value for African

bushmeat (Ntiamoa-Baidu 1997) as per Boesch (1994).

Analysis
Intake
Total intake was determined as the total energetitmacronutrient intake,

calculated as:

Total intake == (T;x IR; X ENC;)

Where T is the time spent feeding on food itém minutes, IR is the average ingestion
rate for food item in grams dry weight per minute, and EN€the caloric or

nutritional content of food item For each focal individual, IRwas calculated as the
product of the average intake rate and the weifjfdaa itemi. Intake was analyzed

using measures of 1) total daily intake based erdtta set containing only nest to nest

17



follows (females: n=32 days, male: n=25 days),&)rly intake based on the full dataset
containing all follows greater than 5 hours (fersale= 691 hrs, males: n=682 hrs) , 3)
and intake per unit body mass (kg) to control fox differences in body mass (using both

full day and complete data sets).

Foraging Effort

Foraging is defined in terms of the exploitatiorfadd resources as well as the
search for new resources (Janson 1988). Chimpanzagsften travel long distances
between major food patches and food oriented tremdlld therefore not be reliably
distinguished from travel in general. | therefose time spent traveling both within and
between food patches as a proxy for search timexerlis a possibility that this definition
could introduce a bias since chimpanzee males meedly go on extended patrols of the
territory (Mitani and Watts 2005). However, patralsre rare during this study period
and did not occur on any of the focal follow dagediin this analysis. Time spent
foraging was therefore defined as the cumulative tspent feeding and travelling within

and between food resources.

Foraging Efficiency
Diet Composition

The diet composition of males and females was nmiedsas the time spent
feeding on different food categories (non-fig frdig fruit, pith, herb leaves etc.). Since
there is typically high variability in nutrient ctamt and ingestion rates within food

categories, | also evaluated time spent feedingpecific food items (Schuelke et al.
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2006). Time spent feeding is expressed as the pxge of total observation time in
order to control for unequal observation time ammtyviduals. Foods were assessed by
comparing absolute nutrient content and nutrietakia rate (defined as nutrients ingested
per minute). Nutrient intake rates were calculdtedach sex as the product of the mean
ingestion rate (grams/min, as calculated above)lamdutrient content (nutrient per

gram).

Net Foraging Efficiency

Calculations of net foraging efficiency follow tleased by Stacey (1986):

Net Foraging Efficiency = E E
T
f

where Eis the total energy intake (calculated as per apdy is the total energy
expended while foraging, andis the time spent foraging. In this study, foragisig
measured as feeding (handling and ingestion obd fi@m) in addition to travel (both
within and between food patches).

Energy expenditure while feeding was calculated as

A=(G xBMR X T))

where C is the energy constant for feeding (derivaith Coehlo 1974 as adjusted in
Leonard and Robertson 1997:4&= 1.38), BMR is the basal metabolic rate and thés
time spent feeding in hours. BMR was calculatedgighe allometric relation described

by Kleiber (1961):

BMR = 70W7®
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where W is an animal’s body weight in kilograms.ig¥ies were based on Smith and
Jungers (1997) with a mean of 42.7 kg for adultamaind 33.7 kg for adult females.
To calculate expenditure during both terrestrial arboreal quadrupedal walking,

| adapted the equation given by Taylor et al. (3982 primate locomotion:

kcalyak =( 0.0025 x V9'702) D+ (0.0017 x \A)/84:<5 T

Where D is distance traveled in meters and T ig Spent traveling in seconds. It has
been noted that the equation developed by Taylak €1982) may overestimate travel
costs in chimpanzees since it was based on a grisaatple including only juvenile
chimpanzees (Pontzer and Wrangham 2004). Whilenttght impact the absolute
measurements of expenditure, the relative sexrdiifees should remain unbiased.

| used Hanna’s (2006) equation for the cost ofdpant during climbing since she
found that the mass specific cost of climbing remmaionstant across primates of
different body mass:

COTgjimb= (106.17) (WJ*%

where COTimpis measured in Joules kgn™. The relation 1 Joule: 0.00024 kcal was
used to convert energy expenditure to kilocalories.

To calculate energy expended while descendingtacaksupport, | used the
equation for potential energy

Ee=WGD

where W is mass in kilograms, G is the force ofvgyaand D is distance traveled in
meters. This was converted to metabolic energyiagidg by an efficiency of 95% and

converting to kilocalories (Warren and Crompton 8099
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The additional costs of pregnancy, lactation afanintransport were factored
into expenditure calculations for reproductive féesaExpenditure for pregnant and
lactating individuals was multiplied by a factorb®5 and 1.5 respectively to
compensate for increased costs of reproductiortrfaor 1970, Oftedahl 1984, Key and
Ross 1999, Aiello and Key 2002). Infants were déddnto three age categories (0-6mo,
7mo-2yr, 3-5yr) and weights were assigned basgareviously estimated birth weights
and growth trajectories (Zihlmann 1997, Pusey .€2@05). The proportion of time spent
carrying an infant of a given class was calculdtased on focal scan data and the
locomotor expenditure was adjusted for the add&hirweight by multiplying by a

constant (1.05, 1.15, and 1.30 respectively).

Seasonal Response

In order to investigate variation in intake andafging according to resource
availability, 1 defined two distinct seasons basadhe presence or absence of preferred
non-fig fruit species in the diet. Long-term reséeaat Kibale indicates that the
chimpanzees exhibit a clear preference for certamfig, or succulent drupe, fruit
species including/limusops bagshawel, Pseudospondias microcarpa, andUvariopsis
congensis (Wrangham et al. 1996, Emery Thompson 2005). Iresipus study of the
Kanyawara community, Sherry (2003) found that tspent feeding on preferred fruits
was correlated with fruit availability. These spesctend to fruit synchronously at the
intraspecific level but asynchronously at the speéevel. This results in clear and
isolated periods of preferred fruit availabilityrthg which these foods dominate the

chimpanzee diet (Chapman et al. 1999). Figs, itrast) are available year round but are

21



unpredictable and scattered throughout the rangaf@an et al. 2005). Therefore, using
similar methods to previous studies at this site€Ey Thompson 2005, Gilby and
Wrangham 2007), the season was defined as thefigdrnit season” (NFF) if over 40%
of the diet consisted of preferred fruit for thmmsecutive days. All other days were
attributed to the “fig fruit season” (FF). Durinlget study period, the non-fig fruit season

corresponded to two major periods including Septmhi December and March to May.

Satistical Analysis

General linear models (GLM ANOVA) were used to exaarsex differences in
intake and foraging parameters. Individuals werstered as independent samples (n=
10). Results based on the analysis of intake fitwrfull day follow data subset are
presented unless analysis of the complete datasdeg different results. Seasonal
variation within each sex was examined using aatgeemeasures design. In order to
investigate variation in quality among differenbtbcategories | used a GLM ANOVA
with a post-hoc Tukey test for unequal sample gMieproportional data were arcsine
transformed to conform to the assumptions of naitgnall tests were conducted using

SPSSv. 13.0.

Results
Intake

Overall, males and females exhibited similar intp&#erns. Absolute daily
intake did not differ in terms of total dry weight caloric intake (Table 2.2). There was

also no significant difference in total daily magudrient intake (Figure 2.1). However,
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when calculated relative to body weight, females &aignificantly higher intake of
nonstructural carbohydrates (females: 11.4 + kg gmales: 8.9 + 2.1 g/kgaFs) =

5.410, p =0.04) and showed a tendency towards higtleric intake (females: 91.1+ 8.8
kcal/kg , males: 76.0 + 15.0 kcal/kgiy lgy = 3.742, p =0.08). A comparison of hourly
intake (both absolute and standardized by bodyhtgigsing the complete data set,
yielded similar results with the exceptithrat males exhibited a higher absolute intake of
calories (females: 202.1 + 20.2 kcal /hr, males3.@3 22.2 kcal /hr, fr )= 5.483, p =
0.04) and protein (females: 12.2 + 1.8 g/hr, mal€sl + 2.6 g/hr, fr = 7.711, p =

0.02).

Foraging Effort

There was no sex difference in overall foragingeffMales and females spent
32.7% and 32.9 % of their time feedingy(fy = 0.059, p =0.81) and 10.2% and 10.1% of
their time traveling (fr,s)= 0.022, p =0.89) respectiveliks there was no sex difference
in daily active period (defined as the time betwksaving the morning nest to building
the night nest), these proportions were directipparable (females: 11.3 + 0.6 hrs,

males: 11.7 + 0.3 hrsFg) = 1.08, p=0.34).

Foraging Efficiency
Diet Composition

Overall males and females spent a similar amounire feeding on both non-fig
(F1,8=0.004, p=0.95) and fig fruit (fr sy= 1.993, p =0.20) (Table 3). However, females

spent more time feeding on mature tree leaves = 8.880, p =0.02) while males spent
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more time feeding on herb leaves{k)= 10.601, p =0.01) and pith (Fg = 4.088, p
=0.08) (Table 2.3). Although only males were obedrto consume meat (0.51 £ 0.61%
of total observation time), the rare occurrencemduthe study period did not allow for a
statistical comparison. An evaluation of food greumdicated that new leaves and herbs
had higher concentrations of protein than pith, alhfuits (R7, 49)6.797, p< 0.001).
Shrub fruits contained higher levels of water st@utarbohydrates than fig and non-fig
fruit, mature leaves, pith and herbg; (k= 6.307, p<0.001) and more total nonstructural

carbohydrates than herbs, new leaves and pithi{f 3.554, p<0.01).

Net Foraging Efficiency

Males exhibited a higher overall net foraging efficy than females regardless
of whether caloric intake was measured using thweit@r upper limit of fermentation
(no fermentation: females: 5.6 + 0.8 kcal /min, @sal7.1+ 0.7 kcal /min,Eg = 9.242, p
= 0.02; fermentation: females: 8.2 + 1.0 kcal /mmmales: 9.9 + 1.0 kcal/minyFg) =

7.850, p = 0.02).

Seasonality

Both males and females suffered a decrease imdaity when preferred fruit
became scarce. Specifically total dry weight arldra@intake was significantly lower in
the FF season (Table 2.4).This was reflected iacasdse in carbohydrate and
hemicellulose consumption (Figure 2.2). Althougbabte intake of NDF and ADF did
not vary by season, the relative proportion offfilbethe diet increased for both males

and females when preferred fruit was limited (feesahADF: ky, 4= 9.830, p=0.04, NDF:
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F, 4= 6.760, p=0.06; males ADF{1Fs = 15.702, p=0.02, NDF:(F4 = 12.743, p=0.02)
(Figure 2.2). These results did not differ depegdin dataset used or whether
standardized by body weight.

When preferred fruit was scarce, females signitigancreased the time they
spent feeding (NFF: 29.9 + 1.6% of time, FF: 35X.9% of time, k1,4=81.73, p=<
0.01) and showed a slight but non significant iaseein travel time (NFF: 9.2 £ 1.9% of
time, FF: 10.9 + 2.1% of time, (£ 4)= 0.955, p = 0.38) (Figure 2.3). Males did not
significantly alter their activity in response teaflability. Neither sex changed their total
daily active period across season (females: NFE 40.7 hours, FF 10.8 + 0.4 hours,
Fa, 4 = 3.231, p=0.15; males: NFF: 11.1 + 0.6 hours16 + 0.9 hours,E 4= 5.103,
p=0.09), meaning that there had to be a tradendémale activity budget due to the
increase in feeding time. Further investigatioresded that there was a significant
negative relation between feeding time and regting in females (Pearson correlation
coefficient: -0.860, p<0.01) . Although males dmt sBhow a seasonal change in feeding
time, any increase in feeding came at the cosita spent in social activities (Pearson
correlation coefficient: -0.264, p=0.02).

Males and females also differed in their use db&alk foods. Based on the
definition of season used in this study, all indivals spent more time feeding on figs
when preferred fruit was scarce. However, femaleseased fig feeding to a greater
degree (sex by season interactio: §y= 5.94, p =0.04) (Figure 2.4). Females also
increased the time they spent feeding on pith (NF&+ 1.4 % of time, FF: 4.2 + 1.39%
of time, F14)= 21.570, p =0.01) while males increased the timg spent feeding on

herb leaves (NFF= 1.4 + 1.1% of time, FF = 4.89%4 of time, R14)= 9.49, p = 0.03).
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Analysis by food item indicated a significant séffedtence in time spent feeding
on the fig fruitFicus exasperata (F 1,8y = 8.796, p = 0.02) and the herb l&apistemon
owariense (F (18)= 7.268, p = 0.03) (Table 2.5). Qualitative conpam of the two plant
foods reveals thdt. exasperata is higher in carbohydrates and lower in fiber qrea
gram basis when comparedLtoowariense. However L. owariense was eaten at a higher
nutrient intake rate in terms of both protein aatbdes per minute (Table 2.5). Females
also fed more on the high calorie shrub fRhitolacca dodecandra than males when
preferred fruit was scarce(lg) = 5.553, p=0.05) (Table 2.5).

Both males and females exhibited a lower net foigegificiency in the FF season
relative to the NFF season (femaleg;sf= 32.671, p<0.01, malesi k)= 42.451,
p<0.01). Males had a higher net efficiency as casgéo females only during the fig

season but not the non-fig season (Table 2.6).

Discussion

Contrary to the predictions, male and female chimapas showed little difference
in overall intake and foraging effort. Although falas consumed more carbohydrates
when body weight was controlled for, males hadalar, if not higher, absolute
energetic and nutritional intake despite devothgygame amount of time to foraging.
Males were thus found to forage more efficientlg@i as compared to females. These
results might be expected based on body size dimsrpalone (27% higher
requirements in males), but when the added cosepobduction in chimpanzees are
factored in (anywhere from 35-65% higher than basdévels in females) female

energetic requirements should exceed those of nileégsand Ross 1999). However,
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these costs to females may be overestimates asitbdely to be more variable across
species and the reproductive cycle (Aiello and R@92). While female chimpanzees are
expected to have high long-term requirements dgéteon due to long interbirth intervals,
the daily costs may be reduced (Dufour and Sa@b@2). It is therefore possible that
short-term energetic costs for male and female paimees are in fact similar (Key and
Ross 1999), resulting in the similar patterns tdle observed in this study. Recent
research on chimpanzee hormonal function suggest&hergy intake may be more
important at certain phases such as conception femeales tend to peak in energy
intake (Emery Thompson 2005). It may therefore t&sfble that sex differences in
energy intake are limited to these phases.

Alternatively, a female’s ability to maximize intaknay also be constrained by
male dominance. While male aggression through $exagacion has been well
documented in chimpanzees (Wrangham 2002, Mullak. @007), the effects of male
dominance in feeding contexts is less clear. ltudysevaluating the relation between
chimpanzee rank and access to higher quality regiathin a feeding tree, no difference
in feeding location was found based on sex (KatdemB006). In the current study, 40%
of male aggression directed toward the focal fematzurred while feeding (Pokempner,
unpublished data). At Gombe, 12% of male—femaleesgion (including females of all
sexual states) was observed in the context of igealith the majority of this aggression
occurring during meat eating (Goodall 1986). If enagression does directly limit
female feeding, this should result in reduced iatgdarticularly in contestable fruit
patches (van Schaik and van Noordwijk 1988). Howealhough this study did not test

the effects of intersexual competition, the resiniticate that females in fact fed on more
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fruit than males when resources were scarce pkiisaps more likely that male
dominance has an indirect effect on female feeds\mothers may choose to avoid
males (Otali and Gilchrist 2006) or leave a patpbruthe approach of males (pers. obs.)

While overall intake was similar between the sefes strategies used to obtain
these nutrients were not. Males and females priyndiffered in their response to the
seasonal availability of preferred fruits. Femak=ssponded to reduced availability by
increasing the time they spent feeding, and spadiji feeding more on fig fruits. Males
did not change their activity budget, but reliedrenon herbs, in addition to figs, when
preferred fruit was scarce. In a study of fematagong in Gombe, Murray et al. (2006)
also found that chimpanzee females increasedfibr@iging effort in response to limited
resources. They concluded that these females exped less seasonal variation in diet
guality, as defined by the time spent feeding aspmed low quality items such as pith
and leaves. Rather, it was suggested that maleklweunore vulnerable to fluctuations
in resources due to constraints of male socialtyr(ay et al. 2006). While the results of
the current study support these predictions baeeattivity and diet alone, the nutritional
data indicate that both males and females suffeigthilar decrease in diet quality
despite seemingly different strategies.

Males were found to have a higher feeding efficgeinccomparison to females
when preferred fruit was scarce. Given the sintijan intake and activity, this
difference in efficiency may in part be explaingdtbe fact that energetic expenditure in
females was compounded by added costs of reproduitiat were factored into the
calculations. In addition, this difference may e do the fact that males fed more on

fallback foods that were lower in nutritional valoet could be processed more quickly.
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During the fig seasoh. owariense contributed over 15% to male caloric intake and
ranked as the second top food for males. Similarlg, study of capuchin€ébus
capucinus), Rose (1994) found that males spent less tingirigehan females but may
have had a greater intake since they devoted rmeetd feeding on items with less
handling time. A number of studies of primate fongghave shown that the ingestion
rate of a food may be as important, if not moretisan the nutritional content in
determining food choice and total intake (HladikZ9Barton and Whiten 1994,
Nakagawa 1997, Schuelke et al. 2006). For malées;tsey fallback foods based on
intake rates may fit more with a time minimizingaségy that would allow them to
conserve their social time across seasons sindefgéme and social activity were
found to be inversely related. Goodall (1986) st that competition for estrous
females and participation in patrols led to deaddseding in males. Males may
therefore compensate through food choice basedtake rates.

However, these results must be viewed with caw®they do not factor in the
relative effects of digestion. Calculations usedetermine energy intake and net
foraging efficiency rely on measures of digestipjlbut do not account for individual
differences in gut passage rate (Conklin-Brittdiale2006). Ideally, digestion should be
considered as a component of handling time andvaayby food (Courtney and
Sallabanks 1992, Bozinovic and Torres-Contrera8398ince more fibrous foods will
take longer to process in the gut, there may belaydn the relative availability of this
energy (Milton and Demment 1988). Additionally, tés no evidence of a significant
sex difference in gut size or retention times thatild suggest that male chimpanzees are

more efficient at extracting nutrients from fiberedto larger body size as is the case in
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some more dimorphic species (Lambert 2002). Theutations used here may therefore
overestimate the energy content of these foods.

Measuring quality, particularly from the perspeetof the foraging animal is thus
more complex (Janson et al. 1986). Research orafesrsuggest that individuals use a
variety of sensory cues to determine ripeness atritional content of fruits and leaves —
specifically in terms of sugar content (Riba Hemtemet al. 2005, Dominy et al. 2006).
Chimpanzees are known to select for fruits highugars (Reynolds et al. 1998,
Matsumota-Oda and Hayashi 1999) and leaves highoitein (Takemoto 2003). In this
study, females were found to feed more on thesfuiexasperata andP. dodecandra ,
both of which had high levels of sugar on an alisdbasis. In addition, fig fruits from
Kibale are high in calcium compared to other fo@@®rien et al. 1998), and this may
be particularly important to mothers during laaat{Galloway 1997). This would
suggest that females may be following an energyimaing strategy by spending more
time feeding on foods with higher sugar content enade readily available energy as
perceived by physical traits such as ripeness.

The overall similarity between the sexes obsermdtiis study is unexpected
given the that individuals in a fission-fusion sgigican forage independently, thus
allowing greater variation among males and femalesvever, despite flexible grouping,
chimpanzees may still be subject to social con#isdhat limit foraging options. The
“social factors” hypothesis maintains that malengbéinzees will favor resources that
allow for foraging in larger social groups (Boestid Boesch 1984). This hypothesis is
typically applied to sex differences in tool usel dmunting, in chimpanzees (Pandolfi et

al. 2003). This same logic may extend to feedingitimand herbs (terrestrial herbaceous
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pith and leaves or TPL) as these resources uso@lyr in superabundant, non
contestable patches which allow for larger feegiagies (Wrangham 1986, Wrangham
et al. 1996). It would therefore follow that maleay be more likely to feed on TPL,
particularly when fruit patches are small and scatt. While Malenky and Wrangham
(1994) found that there was no difference in paite in fruit or TPL patches, they did
not differentiate between males and females. Totliat males in this study spent more
time feeding on herbs, particularly when prefeffreit was scarce, suggests that this may
be a social tactic that allows males to maintaghhevels of gregariousness throughout
the year. Although party size was not includechis &nalysis, it is likely to be an
important factor in distinguishing male and fem@aging constraints (Wrangham
1986).

In addition, the difference detected in diet conifams may reflect a sex
difference in range use. Female chimpanzees arenoolfy observed to be more arboreal
than males (Wrangham and Smuts 1980, Hunt 198®rD®93, Takemoto 2004). This
difference may reflect the greater reliance of male terrestrial vegetation since an
increase in terrestriality was associated with Tédding at Bossou (Takemoto 2004).
Although there are a number of factors that malperfce differences in arboreality,
including ecological factors and degree of habituaf{Wrangham 1977, Takemoto
2004), it is also possible that this may be due $ex difference in predation risk as
females, travelling alone and in smaller partiethwheir offspring, may be more
reluctant to feed in the often open and exposed g&thes.

In summary, while females displayed more foragifigrein response to

fluctuations in resource availability, males wectually more energetically efficient.
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Overall, these differences were concealed by gépeaimilar patterns of feeding
behavior and intake. Across primates, sex diffezeni feeding ecology are influenced
by a number of factors including social organizatioody mass dimorphism, and diet
choice with no clear pattern emerging (Clutton-Br@877, Pandolfi 2005, Kamilar and
Pokempner 2008). In many ungulates and solitargispesexual segregation is more
common, often reflecting body size dimorphism ars@adifferences in activity
asynchrony (Ruckstuhl and Kokko 2002, Du Toit 20@ihce chimpanzees conform to
the gregarious social pattern common to most pasdiut employ a more flexible
grouping system that is similar to that observeohany sexually segregated species, they
serve as an important study system in the speatfithre evolution of sex differences
(Watts 2005). Despite the relatively constraingefsocial organization of fission-fusion,
male and female chimpanzees were found to exhihites overall foraging behavior and
consumed a similar quality diet. Females adjudted behavior more in times of
preferred fruit scarcity by devoting more time éediing and specifically feeding more on
fig fruit. However this did not translate to anfiease in intake due to the fact that these
fruits were high in absolute nutritional contenif bbwer in caloric return per minute in
comparison to the fallback foods preferred by malesile there may be a number of
social and physiological reasons (discussed alfovéhis sex difference in consumption
of fallback food, this study illustrates the im@orte of quantifying diet in terms of both
nutritional content and seasonal adaptations. Inynpaimate studies, sex differences in
foraging are reported as absent or not noted.afladl results of this study indicate that a

lack of difference in overall parameters such aslifeg time and diet composition may
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give a false impression of similarity and may conceal more subtle differences in foraging

strategy.
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Table 2.1 Summary of focal sample data.

Number of Number of Number of Number of day

Age dependent days hours sampled by
FocalID Rank  (years} offsprind sampled sampled seasoh
AL 6 26 1.5 14 135 9/5
BL 1 47 2 15 135 718
Females NL 7 25 2 13 123 6/7
ou 2 28 35 17 161 9/8
TG 5 27 2 15 137 9/6
Al 5 30 14 126 717
KK 2 19 15 145 7/8
Males LK 6 22 15 123 7/8
MS 1 29 14 134 717
YB 10 31 17 154 9/8
Total 149 1,373 77172

2Female rank for the period 1997-2003 taken froml&mierg 2006, Male rank for 2004-2005 courtesy
of Kahlenberg, Muller and Wrangham pers. comm. Ri#etkrmined based on direction of pant grunts
and outcome of dyadic aggressive interactionseabth case, 1 indicates alpha rank, followed by
subsequent rank order out of all adult individdatseach sex.

PAge estimates based on KCP long-term records

°‘Number of dependent offspring expressed as avenagder of infants and juveniles (age 0-7yrs)
traveling with the mother during the study period

9The number on the left refers to days sampled dutie fig season; the number on the right refetheo
non-fig season

Data include all focal observations greater thab iith per day
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Table 2.2 Sex specific overall daily dry weight ahcaloric intake.
Values are based on data subset consisting ot} @afay, nest to nest follows.

Total dry weight (g)

Caloric intake: no
fermentation (kcal)
Caloric intake:
fermentation (kcal)

Mean Daily Intake

Females Males
1,044.6 +89.7 1,110.7 £ 237.0  F(1,4~0.340, p=0.58
2,323.0+ 2454 2,445.1 +482.4  F;4~0.254, p=0.63
3,068.6 + 296.0 3,247.0+639.1 F;4~0.321, p =0.59
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Table 2.3 Sex differences in diet by food group

Time spent feeding on different food groups is clated as the mean proportion of total observéatior for the five
individuals in each sex (n= 691 hours for femaled @32 hours for males). Nutritional content isregged as percentage
of organic matter. WSC= water soluble carbohydral®kC = total nonstructural carbohydrates, NDF=treduetergent
fiber, ADF = acid detergent fiber, HC = hemicellsdp CT = condensed tannins. For each food categangjcates the
niimher of food items analvs

% Time Spent Feeding Nutritional Content
kcal/100 g
(no kcal hi/100 g
Females Males fermentation)  (fermentation) Lipid Protein WSC TNC NDF ADF HC CT

Non Fig Fruit 12.2 12.2 283.8 345.2 8.1 12.6 20.6 40.2 409 58 132 3.9
n=13 +2.3 +1.4 +136.9 +124.8 +17.3 +10.6 +10.4 +17.7 +11.1 .28 8.3 +6.0
Fig Fruit 9.6 7.3 225.6 299.4 4.5 9.6 12.6 36.7 49.2 41.5 76 54
n=6 +3.1 +1.8 +50.3 +30.9 +2.2 +5.6 +3.5 +15.6 +13.3 +14.3 2. *4.4
Herb Leaf 1.0 3.2 p=0.01 223.0 294.4 2.3 26.1 5.7 24.6 47.6 28.9 18.7 3.2
n=5 +0.9 +1.2 +58.3 +33.0 +1.6 +3.2 +1.1 +17.0 +17.0 +8.1 8l4. 7.0
Pith 3.0 4.6 p<0.10 155.8 248.7 0.7 115 14.8 25.8 61.9 40.0 21.9 0.3
n=7 1.4 +1.4 +48.0 +30.5 10.7 9.4 4.7 8.7 +11.7 17.4 6.8 0.6
New Tree Leaf 4.2 3.8 223.2 292.3 15 28.0 5.6 244 46.8 31.014.4 7.2
n=11 1.4 +1.9 +41.1 +25.5 +1.1 +7.6 +2.8 +8.8 +10.6 +10.1  &3. 8.9
Mature Tree Leaf 1.3 0.3 p=0.02 218.6 288.4 1.0 24.4 7.3 27.8 46.5 19.1 2.2 0.4
n=2 +0.8 +0.2 +15.4 7.1 +1.3 +1.3 +8.3 +5.6 55 +27.0 +3.1 .G:0
Shrub Fruit 0.8 0.8 303.1 348.0 4.6 11.8 355 53.8 29.9 226 07 32
n=5 +0.6 +0.6 +79.6 +53.6 +3.7 6.5 +23.7 +17.6 +18.0 +129 &5 6.0
Other 0.7 0.7 168.8 257.8 1.2 104 15.3 29.1 59.3 45.2 141 0.0
n=3 +0.4 +0.6 +141.8 +87.2 +0.8 +11.7 +20.0 +25.5 +36.4 +32.5+4.0 +0.0
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Table 2.4 Seasonal variation in daily intake

NFF= Non fig fruit seasqrFF = Fig fruit season. Statistics for seasonakdgifices within the sexes are listed across rows.
Statistics for sex differences within seasonsiated in columns. Caloric intake measured as tatal consumed per full day.
For females, n= 34 days in the NFF season, 40idaie FF season. For males, n= 38 days in thed¢aBon, 37 days in the
FF season.

Total Dry Weight (g) Caloric Intake: No Fermentation Caloric Intake: Fermentation

NFF FF Between seasons NFF FF Between seasons NFF FF Betwsemsons
Females 1,159 + 61 927 £175  (F=8.70, p=0.04 2,747 + 300 1,842 £364  §=25.42,p<0.0 3,500 £ 270 2,596 +487 (f3=18.47, p=0.01
Males 1,296 + 312 930+196  (F3=22.24,p<0.0 2,932+676 1,952 +£389 (#3=17.59, p=0.0 3,827 + 898 2,670 +510 (5=17.11, p=0.01
Within
season F ,=0.93, p=0.36 [,~=0.00, p=0.98 k 4=0.31, p=0.60 f 4=0.22, p=0.66 k4=0.61, p=0.46 f ,=0.55, p=0.82
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Table 2.5 Sex differences in diet during the FF ason

Table includes all foods contributing to >1% ofaladiet during the FF season. Time spent feedinditberent foods is
calculated as the mean of the proportion of tolalervation time for the five individuals of ea@x$n= 184 hours for
females and 140 hours for males). Nutritional ietekcalculated as the product of the ingestiom aad nutritional content.
A statistical comparison of intake fBr dodecandra was not possible due to limited data for males.

* indicates significance at the level of p<0.05.

% Time Feeding Intake in kcal/min Intake in proteimm Nutritional Intake
. kCall100g  (n  kCal/100g n

Species Part Female Male Female Male Female Male  fermentation  (fermentation Lipid CP WSC TNC NDF ADF HC CT
Acanthus pubescens pith 0.6+04 1.2+0.8 75+04 125+28 * 0.7+0.01.1+03 * 238 299 0.3 272 153 31.7 408 284 124 0.2
Aframomum mildbr aedii pith 09=+09 11+01 204+6.6 233x46 0.7+0.D.7+x0.2 122 227 05 72 76 220 702 463 239 0.2
Celtisafricana young leaves (buds) 1.2+1.1 24+23 26+0.7 2070 0.3+x09 0400 246 304 0.0 39.7 41 219 384 25261 46
Celtis africana young leaves 1.1+09 08+11 119+24 16.0+2215+03 20x03 * 275 323 05 406 36 272 31.7 169 1401
Cordia abyssinica non-fig fruit 15+07 22+11 131+19 16.0+0904+01 05%+00 * 218 290 19 8.0 244 420 477 304 175
Ficus sansibarica
(brachylepsis) fig fruit 23+09 18=%1.2 40+11 84+21 * 01040 0301 * 272 327 3.7 103 13.0 493 36.7 315 73 17
Ficus sur (capensis) fig fruit 16+20 11%15 13.8+3.8 19.1+4.0 @®.1 09+0.2 156 264 88 130 145 6.1 720 66.6 55 13.0
Ficus dawei fig fruit 1.3+£1.2 0.5+0.8 13.8+25 153+3.8 @&49.1 0501 208 288 44 85 6.7 336 535 451 103 3.1
Ficus exasperata fig fruit 3410 13+14 * 85%18 89+09 0.60£1 0.6+0.1 277 334 6.1 218 128 335 386 241 9.6 0.9
Ficus exasperata mature leaves 1.1+£13 0.3+0.5 16.7+9.6 19.1+051.5+0.8 1.7+0.0 230 293 0.0 256 1.8 31.7 426 382 444 0.
Ficus natelensis fig fruit 6.8 +4.6 5417 9.0+£25 10313 0.4 0.3=x00 152 249 19 65 83 273 643 550 9.2 3.1
Lepistemon owariense herb leaves 09+14 29+12 * 185+55 234+26 .8405 23%03 216 290 27 288 47 19.1 495 351 14.40 O.
Linociera johnsonii non-fig fruit 03+06 1517 175+42 143+2506%01 05%0.1 230 301 3.7 103 195 39.1 47.0 374 967 0
Marantochloa leucantha pith 1.3+15 1.1+09 41+14 48+1.0 0.2+0.1 28.0.0 143 240 04 93 181 256 64.7 408 239 0.0
Pennisetum purpureum pith 10+11 0604 32+05 3203 0.1+0.0 18.0.0 116 223 03 41 185 242 714 463 251 0.0
Phytolacca dodecandra shrub fruit 08+0.7 01+01 * 27.6+0.6 13.33+0.01.7+0.0 0.8%0.0 347 383 8.8 239 347 428 244 183 6.11 0
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Table 2.6 Seasonal variation in foraging efficiency
NFF= Non fig fruit seasqri-F = Fig fruit season. Statistics for seasonal difiees within the sexes are listed across rows.

Statistics for sex differences within seasonsiated in columns.

Females
Males

Within season

Foraging Efficiency: No
Fermentation

Foraging Efficiency: Fermentation

NFF FF Between seasons NFF FF Between seasons
8.0+1.5 3.8+0.7 F=26.781, p<0.01 10.8+ 1.7 6L A F=32.671, p<0.01
86+1.0 55+0.8 F=40.683, p<0.01 11.6+1.3 8.2c1 F=42.451, p<0.01

F=0.604, p=0.46 F=12.358, p<0.01
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Mean total dailv intake (aramr

Figure 2.1 Sex specific daily intake of macronutriets.

Macronutrient contribution expressed in terms @ings. Numbers above bars indicate the
percentage of total intake.WSC= water soluble daytates, TNC = total nonstructural
carbohydrates, NDF= neutral detergent fiber, AD&cil detergent fiber, HC =
hemicellulose, CT = condensed tannins. For eaclianatrient considered, there was no
significant difference between males and female$.@b).
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Figure 2.2 Seasonal variation in daily macronutriehconsumption

For each sex, bars on the light bars on the dgitasent the NFF season and the dark bars orgtite@present
the FF season. Numbers above bars represent poypoftiotal intake

* indicates significance at p=0.05, ** indicategrsficance at p =0.01
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Figure 2.3 Seasonal variation in activity budget
For each sex, bars on the light bars on the égitasent the NFF season and the dark bars orgtitaepresent the

FF season.
* indicates significant difference at p <0.05
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Figure 2.4 Seasonal variation in diet
For each sex, bars on the light bars on the égitasent the NFF season and the dark bars orgtitaepresent the
FF season. Striped bars indicate the proportidmad spent feeding on fig fruit specifically.

* indicates significant difference at p <0.05
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Chapter 3

Compensating for competition: Do male and female ¢mpanzees Pan troglodytes)

differ in their response to scramble competition?

Abstract

In species characterized by fission-fusion groupindividuals may modify
group size based on social and ecological pressoites resulting in sex differences in
association and gregariousness. In chimpanRast(oglodytes), females often travel in
smaller parties and are less gregarious than mEtés strategy is expected to allow
females to better avoid the costs of feeding coitipetwhereas males may be more
likely to tolerate these costs in favor of sociahéfits. In this study | test the effects of
party size separately in male and female chimpanireerder to evaluate whether
females effectively avoid costs of competition pgrsding more time in smaller parties.
Full day follows were conducted over a period oinddnths on five focal females and
five focal males in the Kanyawara community of HéBalational Park, Uganda. Standard
proxies of scramble competition, including dailytpkength and feeding time, were
recorded and estimates of energy expenditure dakieinwere calculated. Similar to
previous studies, females in this community werentbin smaller parties (7 individuals)

than males (10 individuals). Females exhibitedn@ngase in foraging costs, in the form
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of increased travel expenditure, when in largetigsu(Beta =0.38, p=0.02), whereas
males did not (Beta= 0.25, p=0.28). However, fesabehibited a positive relation
between increased expenditure and energy intaparires below 7 individuals

indicating that they suffered costs only in largarties. Males on the other hand showed
little effect of party size constraints and coresily travelled in larger parties than
females. The results of this study therefore previt first quantitative evidence
supporting the hypothesis that female chimpanzaegé in smaller parties than males in

order to avoid costs of scramble competition.

Introduction

The influence of group size on feeding competitod social relationships has
received much attention in socioecological studiésile group living affords certain
benefits such as increased protection from pregdRulliam 1973, van Schaik 1983),
group size is ultimately constrained by the extdnhtragroup feeding competition
(Janson 1988, van Schaik 1989, Chapman 1990).eMa¢ df this competition is in turn
dependent upon the size, distribution and avaitglf essential resources (Chapman
and Chapman 2000). In the case of within groupnsicla competition (WGS), an
increase in group size is expected to result itefgsatch depletion and thus a decrease in
the per capita intake of all group members (Jai®&8, Chapman and Chapman 2000).
To compensate for this group size effect, individumay be forced to travel farther in
search of food, spend more time feeding on lowatityufoods, and/or manipulate party
size by increasing group spread or fissioning (@huBrock and Harvey 1977,

Wrangham et al 1993, Janson and Goldsmith 1998)idfincreased feeding effort does
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not result in a corresponding increase in intakéividuals are likely to suffer from WGS
and reproductive success is expected to decrease.

Studies examining the nature of resource competéitd group size in primates
tend to focus on females since their reproduciiness is more directly linked to access
to food (Trivers 1972, Emlen and Oring 1977, Wraarghl979a). While males are
nonetheless vulnerable to group size effects, tkeeroductive success depends more on
access to receptive females and they may thusibé&oefi remaining in larger groups
(Altmann 1990) The effects of WGS are therefore expected to bhayeater impact on
female grouping and foraging behavior (van Schaikwan Noordwijk 1988, Koenig
2002). Although the costs of WGS are best meadwasdd on patterns of net energy gain
and relative reproductive success, increase iy tfavel distance and time spent feeding
are useful proxies to estimate foraging effortdlation to changes in party size (van
Schaik et al 1983, Janson 1988, Koenig 2002). Basdtese parameters, evidence
suggests that both frugivorous and folivorous sggeoiten face WGS as resources
become limited (long-tailed macaques: van Schaikwam Noordwijk 1988,
chimpanzees: Chapman et al 1995, spider monkeysprGdn et al. 1995, red colobus:
Gillespie and Chapman 2001). However, few studae® [directly compared the relative
effects of party size in males and females. Sinaeynprimates live in cohesive groups in
which males and females are limited in their apiitt manipulate group size independent
of each other, study of this problem is often diift.

ChimpanzeesHan troglodytes) provide an ideal opportunity to test the relative
effects of group size on males and females duleeiio fission-fusion social organization.

In fission-fusion, individuals belong to a permangocial group (community) with a
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shared home range, but travel and feed in subgr@apses) that vary in composition
and duration (Kummer 197Wrangham 1979a, Goodall 1986). In general, fruitipa
size and availability as well as the presence cépéve females independently affect
party size and composition, with larger partiesrimg in times of fruit abundance and
female sexual receptivity (Goodall 1988atsumoto-Oda et al. 1998, Anderson et al.
2002, Mitani et al. 2002). When ripe fruit is limdt, parties tend to be smaller and
individuals resort to feeding in smaller patchesmwtower quality fallback foods such as
terrestrial pith and herbs (TPL) (Chapman et ad5]1WNewton-Fisher et al. 2000,
Isabirye-Basuta 1989, Doran 1997, Murray et al.6200t see Anderson et al. 2002,
Hashimoto et al. 2003, Itoh and Nishida 2007).

Across study sites, chimpanzee mothers are obsémsgzend more time alone or
in small single-sex “nursery “ parties (Nishida 29Wrangham 1980, Goodall 1986,
Doran 1997, Emery Thompson and Wrangham 2006 dauBsesch 1996). Males are
typically found in larger parties, tend to be meoeial and form complex dominance
hierarchies and coalitions that influence individuating success and facilitate territorial
defense and hunting (Wrangham 1979b, Constable 20@l, Boesch et al. 2006, Duffy
et al. 2007). Presumably, this difference in griegemmess allows females to maximize
foraging efficiency by reducing resource competitemd travel costs as compared to
males (Wrangham 1986, Wrangham 2000). However,stfgr this hypothesis is
mixed. Studies show that both males and femalesdsiess time feeding when in larger
parties (Wrangham 1977, Wrangham and Smuts 12&adolfi 2005). Yet despite the
fact that females are often in smaller parties thnates, these same studies show no sex

difference in time spent feeding. While males gpdally observed to range farther than
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females, the relationship between party size ailg ttavel distance within each sex is
less clear. Some studies have found that only ntedesl farther when in larger parties
(Wrangham and Smuts 1980, Chapman et al. 1995 wltilers suggest that mothers
suffer higher costs when travelling in larger pastsince they travel at slower velocities
(Wrangham 2000, Williams et al. 2002a). In the fbaest, where females are reported to
be more gregarious in comparison to other sitesafe daily path length was found to
decrease whereas feeding time increased whengerlparties (Lehmann and Boesch
2004).

Such mixed results may be due to the confoundifegsf of party composition
on party size. These may relate more to socialcspleat are often difficult to quantify.
For instance, mothers may favor all female groupgardless of size, due to the benefits
of infant socialization as well as avoidance of eradjgression against offspring
(Williams et al. 2002, Otali and Gilchrist 2008.)kewise, if female travel costs increase
at a relatively higher rate than male travel cdsis to a sex difference in velocity,
forcing females to keep up when with males (Wrangh2000), this would imply that
the number of males in a party rather than pagy alone should limit females. Although
less is known regarding the effects of male dongeam female foraging behavior,
either through direct competition or priority ofcass, such factors may also influence
female strategy (Wrangham 1979a, Smuts and SmA®&) 18 is therefore necessary to
control for social composition in the analysis afty size in relation to feeding and
travel.

In this study, | test effects of party size on ,sa@d females. | first assess

whether males and females differ in party size @mdposition and whether this relation
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varies with fluctuations in preferred fruit availéty. If females are more dependent on
access to resources and less constrained by tdembée in a large party to obtain social
benefits, it is predicted that they will be moteely to increase their party size in periods
of greater fruit availability. Secondly, | test thgpothesis that females are more
susceptible to costs of remaining in larger partdesparty size increases, both males and
females are predicted to travel farther and speoie iime feeding on lower quality
items. However, this relation is expected to bergjer in females, particularly when in
parties with more males. Finally, | test whethexr siexes differ in compensating for these
costs. If females are better able to adjust pazg/t® avoid competition, it is predicted
that they will join parties only when costs are ohad by a corresponding increase in
intake. If males are more likely to gain social &&ts, | predict that they will join larger
parties despite energetic costs. | test this ptiedidy examining whether increased
travel or feeding effort result in increased intalkeorder to distinguish the effects of
party size as opposed to the effect of the numbiedoviduals of the opposite sex in the

party | examine these questions in terms of bottyséze and composition.

Methods
Sudy Ste and Community

Research was conducted from May 2004 to July 20@Bea Kibale National Park
located in western Uganda (Chapman et al. 1996h&tker 1997). The majority of the
766 knf, mid-altitude park is characterized by moist, gveen forest and includes a mix

of swamp, grassland, pine plantations, thicket,sewbndary forest. Annual rainfall
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averages 1,662 mm, with two rainy seasons per(ygacally March through May and
August through November) (Struhsaker 1997).

This study focused on the Kanyawara community whigé been the subject of
long-term study by Dr. Richard Wrangham and theakéliChimpanzee Project (KCP)
since 1987 (Wrangham et al. 1996). During the spe&tjod, the community consisted of
55 known individuals including 10 adult males (3#&rs old), 3 adolescent males (8-15
years old), 14 adult females (> 14 years old) aaddescent females (8-13 years old).
Age classifications followed Goodall 1986 and wieased on long-term birth records

collected by the KCP.

Data Collection

Full day focal follows (Altmann 1974) were conduwttan adult males and
anestrous females (i.e. pregnant and lactatingg iRdividuals of varying rank and age
were sampled from each sex in order to obtain aistent and unbiased sample of the
community throughout the study period. Each fenraeeled with at least one infant and
one juvenile during the study. If a female focahaal came into estrus, she was not
followed during the phase of maximal anogenital lBag (typically lasting 10-12 days
(Goodall 1986)) in order to avoid confounding seséxual influences. All focal females
exhibited similar levels of habituation and hadvivasly been determined as “central”
based on the fact that their core areas were foutiee center of the community range
(Emery Thompson et al. 2007). A field assistant agsgned to independently follow an
individual to serve as a focal animal for the sgjosat day in order to reduce the

potential bias of following larger parties or ingiuals belonging to the same party for
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consecutive days. Although complete nest to ndisiie were not always possible, the

mean daily follow was 9.2 hours in duration.

Behavioral Data

During focal follows, activity (feeding, travelinggsting, social, and other) was
recorded using one minute instantaneous samplifi;méin 1974). Since different
modes of travel have different energetic costselravas further classified as terrestrial
guadrupedal walking, arboreal quadrupedal walkitig)bing, or descending. Travel
distance on the ground was measured continuougbabyg behind the focal animal. All
arboreal travel distance was visually estimatedelMime focal individual was feeding,
the species and plant part were recorded. Intaks veere recorded opportunistically and
measured as either the number of items (e.g. fle#ses) or the percentage of the food
item ingested during a continuous 60 second inteRaich size was measured for all
fruit trees fed in by focal subjects as the diamatdreast height (DBH).

Focal animaparty size and composition were recorded every ibbites with the
help of a field assistant. Previous research atdité indicates that measures at this
interval are independent and sufficient for momitgrchanges in composition (Otali and
Gilchrist 2006). Party size was defined as all adotl adolescent individuals within 50
meters of each other (50 meter chain rule Clark\@nahgham 1994. Parties were coded
as: 1) alone (no other adults or adolescents,essx (no other adults or adolescents of

the opposite sex), or mixed sex (at least one @tielt or adolescent of the opposite sex).
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Ecological and Nutritional Data

Resource availability was defined based on thegmas or absence of preferred
non-fig fruit species in the diet. Long-term reséaindicates that chimpanzees of the
Kanyawara community exhibit a clear preferencectatain non-fig, or succulent drupe
fruit species including/limusops bagshawei, Pseudospondias microcarpa, and
Uvariopsis congensis (Wrangham et al. 1996, Emery Thompson 2005). Iregipus
study at the same site, Sherry (2003) found tha 8pent feeding on preferred fruits was
correlated with fruit availability. These speciead to fruit synchronously at the
intraspecific level but asynchronously at the spedevel. This results in clear and
isolated periods of preferred fruit availabilityrthg which these foods dominate the
chimpanzee diet (Chapman et al. 1999). Figs, itrast) are available year round but are
unpredictable and scattered throughout the rangaf@an et al. 2005). Therefore, using
similar methods to previous studies at this sita€Ey Thompson 2005, Gilby and
Wrangham 2007), the season was defined as nondfigseason if over 40% of the diet
consisted of preferred fruit for three consecutags. All other days were attributed to
the fig fruit season. During the study period, tlo@-fig fruit season corresponded to two
major periods including September to December aaccMto May.

Nutritional data for major foods eaten by the Kamgiea community (n=51 items
covering 88% of total feeding time) were providgddy. Nancy-Lou Conklin-Brittain
and Dr. Richard Wrangham of Harvard University (€eaklin-Brittain et al. 1998,
Conklin-Brittain et al. 2006). Additional food itestthat were underrepresented or absent

in the existing database were collected duringgtudy (n= 29 items covering 5% of
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total feeding time). Samples were collected aseclsspossible to the location where an
individual was observed feeding and transported bathe research camp. For each
sample item (minimum of 10 samples per food itethg whole wet weight was recorded
and the item was separated into component pagss@ed, pulp, skin, peel, pith) before
being dried in an onsite dryer, reweighed to there&t gram, and stored for transport.
Macronutrient analyses of newly collected itemsenasnducted by the laboratory of Dr.
Joerg Ganzhorn in the Department of Ecology ands@mation, Hamburg University.
Methods used were comparable to those of Dr. Coildittain (Ganzhorn and Harthun
2000, Conklin-Brittain et al. 1998).

Energy content was calculated using standard plogsaal fuel values of 4
kcal/g carbohydrate, 4 kcal/g crude protein, akd&/qg lipid based on human data
(National Research 1980). Since chimpanzees mapleeto extract additional energy
from NDF through fermentation, an alternative measi potential energy including
fermentation was calculated using the physiolodigal value of 1.5kcal/g NDF (Milton

and Demment 1988, Conklin and Wrangham 1994, Coriiittain et al. 2006).

Estimates of Travel Costs

Travel costs were measured in three ways: 1) tpeatdraveling, 2) daily travel
distance, and 3) energetic expenditure due to lotiom Time and distance traveled
were included to allow for comparison with previ@igdies. Locomotor expenditure was
estimated as a more accurate measurement of ttastelhat compensates for energetic
differences due to body size and reproduction. T8pent traveling was calculated as the

total daily time spent in locomotion. In order mri@ct for possible sex differences in
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arboreality (Takemoto 2004), daily travel distam@es defined as the total distance —
both terrestrial and arboreal — covered in a dagr§y expenditure during locomotion
was calculated as the sum of quadrupedal and aklticomotion. For quadrupedal

travel, | adapted the equation given by (Taylcaleil982) for primate locomotion:

kcalyak =( 0.0025 x V9'702) D+ (0.0017 x \A)/84:<5 T

Where D is distance traveled in meters, T is tipens traveling in seconds, and W is
weight in kilograms. | used Hanna’s equation fa tlost of transport during climbing
since it was found that the mass specific costiofling remains constant across
primates of different body mass (Hanna 2006):

COTejimp= (106.17) (W%
where COTimpis measured in Joules kgn™. The relation 1 Joule: 0.00024 kcal was
used to convert energy expenditure to kilocaloff@scalculate energy expended while
descending a vertical support, | used the equétiopotential energy

Ee=WGD

where G is the force of gravity and D is distanmegeled in meters. This was converted
to metabolic energy by dividing by an efficiencyd&% and converting to kilocalories
(Warren and Crompton 1998). Weights were base®omth and Jungers 1997) with a
mean of 42.7kg for adult males and 33.7kg for afduitales. The additional costs of
pregnancy, lactation and infant transport wereoiact into expenditure calculations for
females. Expenditure for pregnant and lactatingviddals was multiplied by a factor of
1.25 and 1.5 respectively to compensate for inegkassts of reproduction (Portman

1970, Oftedal 1984, Key and Ross 1999, Aiello aeg¢ R002). Infants were divided into
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three age categories (0-6mo, 7mo-2yr, 3-5yr) andh®e were assigned based on

previously estimated birth weights and growth ttdes (Zihlman 1997, Pusey et al.
2005). The proportion of time spent carrying ammnfof a given class was calculated
based on focal scans and the locomotor expenditaseadjusted for the added infant

weight by multiplying by a constant (1.05, 1.15ddn30 respectively).

Intake and Feeding

Predictions of group size constraints differentlz@énveen resources that are
depletable and ones that are more evenly distiibiwien Schaik and van Noordwijk
1988, Chapman and Chapman 2000). Time spent feediagherefore calculated

distinguishing between fruit and TPL feeding. Daigtoric intake was calculated as:

Total intake == (T;x IR; X ENC;)

Where T is the time spent feeding on food itéim minutes, IR is the average ingestion
rate for food item in grams per minute, and EG the caloric content of food iteim,

IR ; was calculated as the product of the average inttkeand the weight of food iteim

Analysis

Sex differences in party size and composition vesi@mined using general linear
models (GLM ANOVA). Changes in party size accordiageasonal fruit availability
were tested using a repeated measures design. paegrsize, percent time spent alone,
percent time spent in single sex parties, and pétoae spent in mixed parties were

calculated per focal individual based on all 15uténscan data (females: n= 2,657 scans,
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mean = 531.4 + 32.7 scans per individual, male2,658 scans, mean = 532.3 £ 46.4
scans per individual).

The effects of party size on male and female trdeelding, and intake were
tested based on full day, nest to nest followsgA=minimum of 5 follows per
individual) using general linear models (GLM MANOYAor each full day follow |
calculated average daily measures of : 1) pargyam party composition from 15
minute scan data, 2) percent time feeding on fpaitcent time feeding on TPL and
percent time traveling from one minute instantasetata, 3) locomotor expenditure (as
described above) and 4) caloric intake (as dest@beve). Daily follows were treated as
independent (c.f. Knott 1998, Anderson et al. 20@ et al. 2004). Although this
approach introduces the possibility of pseudoragibn, all models included the focal
individual as a random effect to test for variat{Baayen et al. 2002). The Durbin-
Watson test for autocorrelation was used to tessdquential effects on residuals
(Durbin and Watson 1971). The dependent variabl@gel and feeding intake were each
tested using three separate measures: travelspem traveling, daily travel distance
and locomotor expenditure; feeding: time spentifegdn fruit, time spent feeding on
TPL, and daily caloric intake. Average daily pastye and composition (e.g. the number
of males in the party and the number of femalabénparty), were entered as continuous
predictors in separate analyses due to high ctioelaf party size measures. Season
(categorical) and mean fruit tree DBH (continuowsye entered as independent
predictors to control for effects of fruit availéity. Colinearity of factors was examined

using Spearman correlations. All data expressgeaentages and counts were
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transformed using the arcsin and log transformatrespectively. Statistical analyses

were performed using Statistica v. 5.5.

Results
Do males and femal es differ in party size and composition?

The mean party size for females (7 individuals) gmsller than that of males (10
individuals) (Table 3.1). Females had an average®males and 3.9 females in their
party whereas males had 6.8 males and 2.9 fenmatesir party. The adult sex ratio of
female parties did not differ from the expectedbrat 0.76 males: females based on
community composition, whereas males were fourghities with more males than
expected.

Females spent 18.3% of time alone (SD=14.9%, rcoBjpared to 6.6% (SD=
7.2%, n=5) for males, although this differenceas significant(F1 )= 2.518, p =0.15)
(Table 3.2).The lack of statistical significance may be expgaiy the fact that two of
the five focal females were often found in assoamtvith each other (65 and 88% of
party scans respectively) and thus spent little telone. Males spent more time in mixed
parties (males: 75.9 £ 9.1% of time, n=5, femadés1 + 15.6% of time, n= 5,4z =
13.610, p <0.01) whereas females spent more tirsggle sex parties (males: 17.5 +
5.8% of time, n=5, females: 35.6 + 14.3% of time,5, k1 )= 6.846, p <0.05). Single
sex parties were of similar size for both males fendaales (males: 3.9 + 1.0, females: 3.1
+ 0.7, Rug)= 2.402, p =0.16), but males had larger partyssiian females when in

mixed sex association (males: 11.5 + 1.0, fem&les+ 1.5, [ 8= 7.530, p <0.05).
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Does party size change in relation to resource availability?

Males reduced their party size when preferred fmai$ scarce (10.8 £ 1.2 vs. 8.8
+ 2.2, k4= 9.476, p <0.05) whereas female party size reeshralatively constant
across seasons (6.8 £1.1vs. 7.1 + 133 E 0.633, p = 0.47). Although there was a
tendency for male party size to increase with fpaitch size, this relation was not

significant for either sex (males: r= 0.189, p #10.females: r = 0.061, p = 0.61).

Do costs of party size differ between the sexes?

Females, but not males, travelled farther whemiigdr parties and this relation
was true for all three estimates of travel (daiyvel distance: Beta = 0.354, p < 0.05,
travel time: Beta = 0.362, p<0.05, locomotor exptemd: Beta = 0.384, p<0.05) (Table
3.3a). In each case, for females, but not malésréisult was combined with a significant
inverse relationship between average daily fruitipaize and travel (Table 3.3a). When
the analysis was repeated using party composiéther than size (e.g. using only the
number of females or the number of males in théy@er a factor), this significant
relation in females was found to be primarily do@i increase in the number of females
(Beta = 0.426, p < 0.01) in the party as opposexhtmcrease in the number of males
(Beta = 0.262, p =0.12).

For females, but not males, there was also a teemdrds increased time spent
feeding on fruit and TPL with increasing party sfreit: Beta = 0.314, p = 0.08, TPL.:

Beta = 0.232, p = 0.11) (Table 3.3b). The relatbfruit feeding was also driven more
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by the effect of the number of females in the péBigta = 0.318, p = 0.07) than males

(Beta = 0.184, p = 0.23).

Do males and femal es compensate for increased effort?

A plot of female daily caloric intake against eneexpenditure indicates that as
daily travel expenditure increases, females imjtiebmpensate by increasing their daily
calorie intake (Figure 3.1a). However a maximuntrafel is reached beyond which
females can no longer compensate and daily catltake begins to fall (quadratic: Beta
= 6.852, Beta=-1.407, p <0.05, linear: Beta= -0.144, p=0.42heW this is compared
with the plot of the effect of mean party size oodmotor expenditure (as calculated
above), results indicate that the peak of the estergurve corresponds to a party size
estimate of 7 individuals (Figure 3.1b). Similatlige significant relation between female
party composition and travel determined in the ey section predicted a female party
size of 4 females corresponding to the peak oétiexgy balance curve. Although an
increase in travel expenditure was negatively eelé energy intake in males, this
relation was not significant (Beta = -0.204, p £0).

Daily feeding time was significantly positively eelated with caloric intake for
males (Beta = 0.840, p <0.01) but not females (BeQaD38, p= 0.84) (Figures 3.2a and

b).

Discussion
The results of this study support the idea thatalerchimpanzees suffer greater

foraging costs in larger parties compared to matestend to vary their party
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membership accordingly. As party size increasadafes, but not males, expended more
energy in travel and tended to feed more. Whileiptes studies have documented that
females travel farther when in larger parties (Vglaam 2000, Williams et al. 2002a),

this study demonstrates that larger party sizdtsesureduced energetic gain for
females. While males were found in larger partiesrall, they did not suffer negative
effects of competition as measured by the foragemgmeters used in this study. This
result contrasts with findings from Gombe whereesalere observed to travel farther
and spend more time feeding in larger parties (\Wmam and Smuts 1980, Williams et
al. 2002a).

Despite the potential costs, females spent thentaf their time in parties in
which increased expenditure could be compensattdimdreased caloric intake. An
initial increase in travel expenditure was cormtiatvith an increase in intake. However,
this relation only existed up to a certain poiffiteawhich further increase in expenditure
ultimately led to a relative decrease in intakee Térct that females spent over 65% of
their time in parties of less than or equal to threshold value of 7 individuals suggests
that, for the most part, they avoided significaméts of scramble competition.
Nonetheless, females also spent a portion of time& in larger parties where they were
more likely to suffer an energy deficit, suggestihgt other factors such as social
benefits influenced party membership. Although flamalso tended to increase the time
they spent feeding on both fruit and TPL when ngéa parties, this feeding time did not
correspond to an increase in intake as was obsearvedles, and therefore may indicate
a cost in terms of foraging effort. This most lkeéflects differences in food selection as

females in this study community were previouslyrmfowo spend more time feeding on
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fallback foods that were nutritious but had a low&lioric return per unit feeding time
(Chapter 2). Although females spent more time fegdn fig fruits when preferred fruits
were scarce, these tended to give a low caloncmets compared to some of the herb
species that constituted a larger part of the miigie(Chapter 2).

Although, in theory, resource competition is expddb be of greater importance
for female reproduction, males are still expectetie subject to ecological constraints
and party size pressures as well. Yet males irsthidy showed little response to changes
in party size and composition. Recent research fBmmbe suggests that males are more
responsive to resource availability than previoasdgsumed and may opt to forage alone
and in familiar core areas when fruit is scaiideirray et al. 2008). In accordance with
this finding, males in this study reduced theirtpaize in response to resource scarcity.
While this change in party size did not lead teeardase in social activity (Pokempner,
unpublished data), it may nonetheless entail aasoost for males in terms of
strengthening bonds and rank relations. It wasipusly found that males in this study
group fed more on TPL when preferred fruit was (@hapter 2), yet time spent feeding
on TPL did not correlate with party size for madesit did for females. This result may
indicate that an overall higher reliance on TPbwkd males to maintain larger parties
than females, but that TPL feeding did not necédgssarve as buffer for variance in
party size within males. Furthermore, the positueelation found between feeding time
and caloric intake suggests that, in general, nrakghave avoided competition in
parties by feeding on foods with higher calori@k# rates.

The number of members of the opposite sex had éffect on the foraging

behavior for both males and females. It has beggesied that females, particularly
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those with young infants, are expected to havedrigiavel costs when in parties since
they travel at a slower velocity than males (Wrargl2000, Williams 2002). An
implication of this idea is that travel costs woblel expected to increase at a higher rate
when in the presence of more males. Contrary togrediction, this study found that the
number of females in the party had a stronger émfte on female travel costs and
feeding time. The lack of a response to the nurobarales in the party might indicate
that females effectively avoided these potentiat€dy only joining parties with more
males under conditions that would preclude incré&svel, such as might be the case if
fruit patches were large, abundant and clumped\(¢drdngham & Smuts 1980,Chapman
and Chapman 2000). Female intake and feeding tiasealso unaffected by the number
of males in the party, suggesting that intersefa@d competition was not a major factor.
Although this study did not fully address this adpenore detailed research from Kibale
and Budongo suggest that there is little differeindeeding efficiency in males and
females when feeding in the same patch (Kahlenl2&@g, Machanda pers comm).
While overall sex differences in party size and position are similar to those
reported at most East African chimpanzee studg,siégenales in this study were found to
be relatively more gregarious than previously obsgi(Chapman et al. 1995, Wrangham
2002). Specifically, there were fewer observatiohsolitary females and a higher
frequency of all female parties in comparison tarfer studies (Table 3.4a). The
percentage of time females spent alone and ire@lafe parties was in fact closer to
recent values reported from Tai and Ngogo, as agebonobos in Wamba, where females
are observed to be more gregarious and form “cit(Repper et al. 1999, Hohmann and

Fruth. 2002, Lehmann and Boesch 2005, Wakefiel@p0Dable 3.4b). Females spent
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almost as much time in single sex parties as tieindnixed parties, suggesting that
there may have been a benefit to remaining ingmwtith other females. Evidence from
long term studies suggest that mothers may joiarddmales in order to socialize
juvenile offspring and to gain a buffer against enafjgression (Goodall 1986, Williams
et al 2002a, Otali and Gilchrist 2006). It is otethat the average size observed for all
female parties corresponded to the optimal femaleysize as predicted by the
intake/expenditure curve, suggesting that femalke®\generally able to avoid costs of
scramble competition in these parties. The diserepfound between this current study
and some of the previous studies, however, magihhe due to the bias of selecting a
small sample of central females, two of which wieeguent associates, as focal subjects.
However, there is a clear distinction between fremipl and central females in terms of
general gregariousness, range use and reprodscibeess, suggesting that it may be
more appropriate to consider the behavioral strasenf these females separately
(Williams et al. 2002b, Emery Thompson et al. 2007 )addition, although the females
are habituated, they were often more difficultatbdw for extended periods when alone
and this may have introduced a bias.

An important factor not considered here is the ichgd contest competition.
Since contest competition results in variatiomitake according to individual rank, this
might confound interpretation of the effects oftgaize (Janson and van Schaik 1988,
van Schaik and van Noordwijk 1988). While male ghéimzees have a clear dominance
hierarchy, few studies have documented differentewdividual intake (Pusey et al.
2005, Sherry and Ellison 2007). Similarly, whileté is increasing support for contest

competition effecting female strategy, evidencgrimarily based on differential access
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to quality core areas, indicating that contesikisly to operate on a broader level (Pusey
et al. 1997, Wittig and Boesch 2003, Murray eR806, Emery Thompson et al., 2007).
Although analyses in this study accounted for irehlial variation, | did not focus on the
effects of dominance on relative intake. Likewide calculations of energy intake and
expenditure used here relied upon standard essimateile these estimates were
consistent across sexes and thus should not affegbarative results, this generalization
may have nonetheless obscured individual variatoparticular, individual ingestion
rates were calculated as an average per individoalitem pairing. This study therefore
does not address the possibility that individuabiag rates may vary over the course of
a feeding bout or due to changes in feeding pa&atyand composition (Chapman et al.
1995 but see Janson 1988, Whitten 1988).

The interaction between WGS and group size has @eeimmented in a variety of
primates (Koenig 2000, Gillespie and Chapman 28a@j and Sicotte 2007). However,
studies of scramble competition have generally $edwon overall group level effects or
the impact on female relations (van Schaik andNaordwijk 1988, Barton and Whiten
1993). The predominance of this focus is in pad ttuthe fact that most primates live in
cohesive groups and because theory predicts thatimee competition should have a
greater impact on female fitness. Yet, while litH&known regarding sex differences in
response to WGS, it is often invoked as a key fanftuencing the sexually segregated
grouping and ranging patterns observed in manjofisiision species (chimpanzees:
Wrangham 1986, kinkajous: Kays and Gittleman 20@&agnas: Smith et al 2008 ). In
this study, | found that females suffered greatsts of increasing group size,

particularly in terms of travel expenditure. Whiltes reflects previous findings and
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models of chimpanzee social structure, the repuéisented here show that females can
often avoid these costs through a correspondimgase in intake. While this result may
be expected, it is perhaps more curious that maléss study show no effect of
variation in party size. In the case of hyaenasttaer fission-fusion species, Smith et al.
(2008) concluded that competition impacts femaletimg party size since per capita
intake was observed to decrease in parties contamore individuals- however no
comparison was made with males. Further researtiteaklative costs and benefits of
grouping for males and females in other fissionespecies is needed to better
understand the social and ecological factors.

This is the first study to quantify the relatiortween party size and energetics in
chimpanzees, and shows that females are more lixalyffer from resource competition
in larger groups. This is a fundamental aspecbofogcological theory and is used to
predict social and demographic patterns such aaléedispersal and dominance regimes
(Wrangham 1980, van Schaik 1989, Sterck et al. 199¥s study confirms that group
size is indeed a major factor that influences resmaompetition in males and females

differently.
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Table 3.1 Individual and mean party size and compason of males and
females.

Results indicate comparison based on the mean wvélkegch sex.

Total Party Size

Number of Males

Number of Females

Mear Rangt Mear Rangt Mear Rangt
AL 6.8 (1-19) 24 (0-12) 4.4 (1-9)
BL 6.6 (1-25) 2.7 (0-13) 3.9 (1-12)
NL 7.8 (1-212) 3.6 (0-13) 4.2 (1-8)
ou 8.1 (2-18) 4.1 (0-11) 4.0 (1-8)
TG 5.5 (1-21; 2.€ (0-12 3.C (1-9)
Female 7.0+5. (1-25) 3.0+ 3.¢ (0-13; 392! (1-12;
Al 11.3 (2-23) 8.1 (2-13) 3.2 (0-10)
KK 8.4 (1-21) 5.9 (1-12) 2.5 (0-10)
LK 8.4 (1-22) 6.3 (2-13) 2.2 (0-9)
MS 11.2 (1-21) 7.1 (1-12) 4.1 (0-10)
YB 9.9 (1-20; 7.C (1-13) 2.6 (0-9)
Male 9.8 5.1 (1-23, 6.8+0.¢ (1-13 29+ 3. (0-10;

F(l,g) =12.326,p<0.01

Fg = 53.896, p < 0.01
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Table 3.2 Percent time observed in party associaticand mean party size for each
major party type.
Figures show individual values and the mean vabue#ch sex.

Mixed Same Sex Alone
% Time Party Siz % Time Party Siz % Time Party Siz:
AL 39.8 8.1 56.2 3.3 4.0 1
BL 32.9 11.0 38.9 3.2 28.2 1
NL 62.0 104 35.1 2.9 2.8 1
ou 63.7 9.6 16.6 3.9 19.6 1
TG 32.C 7.5 31.C 2.C 36.¢ 1
Female 46.1 +5.¢ 9.3x1.t 35.6 £ 174. 3.1+£0.% 18.3 £ 14.! 1
AJ 80.5 12.5 19.5 5.0 0 -
K 69.2 10.7 25.7 34 5.2 1
LK 73.1 10.2 17.5 4.8 94 1
MS 89.4 12.3 9.8 2.6 0.7 1
YB 67.3 11.9 15.2 3.8 17.5 1
Male 75.9+9.: 11.5+1.( 17.5+5.¢ 3.9+1.( 6.6 7. 1
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Table 3.3a Results of general linear model examing effect of party size on indices
of travel.

Full model parameters show best fit including afidictors. Independent effects shows
effects of each predictor variable.

Travel Parameters Independent Effects Full Model
Party Size Patch Size Model
Bete p Bete p r2 df F p
Daily Travel Distance Female 0.39 0.02 -0.64 0.01 0.55 7 4.11 0.00
Y Male 0.29 0.17 0.01 0.96 0.36 7 1.37 0.28
Travel Time Female 0.36 0.02 -0.67 0.01 0.57 7 4.46 0.01
Male 0.17 0.45 0.15 0.52 0.23 7 0.74 0.64
Locomotor Exbenditure Female 0.38 0.02 -0.75 0.01 0.56 7 4.29 0.01
p Male 0.25 0.28 0.24 0.63 0.21 7 0.64 0.72

Table 3.3b Results of general linear model examimg effects of party size on
indices of feeding and intake.

Full model parameters show best fit including adigictors. Independent effects
shows effects of each predictor variable.

Feeding Parameters Independent Effects Full Model
Party Size Patch Size Model
Beta p Beta p 2 df F p
Fruit Feeding Time Female 0.31 0.08 0.30 0.13 0.40 7 2.29 0.06
9 Male 0.06 0.82 -0.40 0.25 0.24 7 0.73 0.65
- Female 0.28 0.11 0.02 0.93 0.60 7 5.16 0.19
TPL Feeding Time Male -0.11 0.66 0.07 0.84 0.27 7 0.86 0.55
Caloric Intake Female -0.11 0.51 0.16 0.40 0.40 7 2.29 0.06
Male -0.14 0.4% -0.1¢ 0.48 0.6% 7 4.1€ 0.01
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Table 3.4a Group composition in chimpanzees and bobos.
Measures indicate percentagdathl party scansobserved in each party type for
all individuals,males and females combined

Female Male Solitary ~ Solitary

Site Only Only Mixed Female Male
P. t. schweinfurthii

Gombe' 9 8 49 24 10

Mahalé 13 11 52 32 -

Mahalé 17 9 63 2 9

Kanyawaré 5 17 51 18 2

Budongd 11 8 68 6 4

Budong?® 12 9 74 3 3
P.t. verus

Tai’ 22 7 33 18 11

Tal® 18 20 52 - 6

Bossol 49 - 42 10 0
P. paniscus

Lomaka® 21 8 69 2 2
This study

19 9 61 8 8

1 Williams et al 2002, 2 Nishida 1990, Takahatale1996 Nishida et al. 2003, 3
Matsomoto-Oda et al. 1998, 4 Chapman et al. 19%&avicett 2000, 6 Reynolds,
2005, 7 Doran 1997, 8 Boesch 1996, 9 Sakura 19®#ohmann and Fruth 2002
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Table 3.4b Group composition in chimpanzees by sex.
Measures indicate percentage of total party sobssrved in each party type
calculatedor each sex, separately

Percentage of Total Party Scans Observed in Partyype

Females Males
Female Female Solitary Male Solitary
Site only mixed Female only Male mixed male
P. t. schweinfurthii
Gombé 44 14
Gomb¢ 65 27
Mahalé’ 10 50
Ngogd' 20 56 20
P.t. verus
TaP 19 18 45 18 44 26
Tal 82 4 74
Tai’ 40 41 19 71
This study 36 46 18 18 76 7

1 Murray et al 2006, 2008, 2 Wrangham and Smut$,138/atsomoto-Oda et al. 1998, 4
Wakefield 2008, 5 Doran 1997, 6 Boesch 1996, 7 lasimrand Boesch 2008
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Figure 3.1 Plots of the relationship between locontor expenditure and a) caloric
intake and b) mean daily party size in females.

In both a and b the x axis, log daily locomotoemgetic expenditure, is the same. The
relationship between party size and expenditurdigi®a party size of 7 individuals.
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Figure 3.2 Plots of the relationship between dailfeeding time and
caloric intake in a) females and b) males.
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Chapter 4

Do sex differences in range use in chimpanzedat troglodytes) reflect greater

foraging effort in females?

Abstract

The sex difference observed in ranging patternshgnnaost populations of
chimpanzeesRan troglodytes) is often attributed to the fundamental differeirce
reproductive effort between the sexes. Among mammadles are expected to range so
as to maximize access to receptive females, whéeese ranging is expected to reflect
greater access to food resources in order to ma&ireproductive fitness. Although
there is variation among study sites, observats@esn to support this idea, with
chimpanzee males tending to travel farther andgusirger home ranges as compared to
females. However, while these general pattern®oférange size have been well
documented, few studies have examined the relagbmeen range use, individual
movements, and foraging among the sexes in ordestavhether these relationships
conform to theoretical predictions. In this studguestigate whether sex differences in
ranging reflect differences in foraging strategyoagn male and female chimpanzees by
examining how travel and home range use relatatichpuse and fruit availability. Full

day follows were collected over a period of 15 nnerin five focal females and five
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focal males in the Kanyawara community of Kibaldiblaal Park, Uganda. Daily travel
distance and range size were recorded in relabi@atameters including patch size,
number of patches visited per day, inter-patchadist, and fruit availability. While both
males and female visited the same number of fotchpa per day, females did so by
using a smaller range which they used more intehgicovering a greater proportion of
their range on a daily basis. Females also reggbtairesource availability more by
significantly expanding their home range area dupariods of preferred fruit scarcity as
compared to males In contrast to previous findit@sl daily travel distance was similar
for both sexes when both arboreal and terrestaskt were considered (females: 2.3km,
males: 2.8km). Females however tended to traveteshdistances between food patches
(females: 370m, males: 443m, p=0.06) and did sorore linear fashion as compared to
males (p <0.02). Overall, these results suppertgypothesis that sex differences in
ranging in chimpanzees reflect greater foragingreff females, with female travel and

range use responding more to resource availabifitydistribution.

Introduction

Variation in range use among mammals is influerimed number of factors
including body size (McNab1963, Milton and May 197tredation (Swihart et al. 1988),
territoriality (Mitani and Rodman 1979, Grant et 92, Lowen and Dunbar 1994,) and
the availability of food and non-food resourcesti@dnn 1974, Gompper and Gittleman
1991). Within a species, sex differences in rangirggoften attributed to differences in
reproductive priorities (Clutton-Brock and Harvegi78, Sandell 1989). Female

reproductive success is limited by energetic intakale male reproductive success
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primarily depends on access to receptive femalesgfs 1972, Emlen and Oring 1977).
Females are therefore expected to range so asxionina access to food resources
whereas male range use is expected to reflectegrewting effort through mate defense
or resource defense (Mace and Harvey 1983, Wrandi®&m, Clutton-Brock 1989).
Evidence for this idea is found in a variety ofgps, particularly those in which
individuals are largely solitary or sexually segrtgl. In such cases, males defend a
larger range containing those of dispersed fen@epard: Mizutani and Jewell 1998,
wallabies: Fisher and Lara 1999, Iriomote cat: Sdhet al. 2003), male range use
responds primarily to female distribution (eastgray squirrel: Kenward 1985, voles:
Ims 1987, yellow-bellied marmots: Salsbury and Aage 1994, Nelson 1995, black
bear: Powell et al. 1997) and female range useraispto food availability (bobcat:
Litvaitis et al.1986, roe deer: Tufto et al. 19B&ck bear: Powell et al. 1997).
ChimpanzeesRan troglodytes), however, are exceptional among primates in that
they exhibit sex differences in ranging patternspite being social foragers (Watts
2005). Chimpanzees are characterized by a fissisiot social system in which
individuals belong to a permanent multi-male, mfdthale social group (community)
with a shared home range, but travel in subgropadi€s) that vary in composition and
duration (Kummer 197MWrangham 1979a, Goodall 1986). Anestrous femakes ar
typically less social than males, spending more talone and in smaller parties,
presumably to avoid resource competition (Nishi@d@2, Wrangham 1980, Goodall
1986, Doran 1997, Emery Thompson and Wrangham 200&ee Boesch 1996).
Females often avoid peripheral areas of the comiynanid concentrate their activities in

smaller core areas which may form distinct neighbods (Gombe: Wrangham and
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Smuts 1980, Goodall 1986, Williams et al 2002b; MahHasegawa 1990; Kibale:
Chapman and Wrangham 1993, Wilson 2001 but see &ehmand Boesch 2005). In
contrast, males are more gregarious and are ofteereed to travel at faster speeds and
in larger parties than females (Wrangham and Saf86, Goodall 1986, Willams et al.
2002a). Males, the philopatric sex, also coopeetiand aggressively defend the
community territory through patrols and lethal ngi®up encounters (Wrangham 1979a,
Smuts and Smuts 1993, Watts and Mitani 2001, Wiisiget al. 2004). As a result, males
typically travel longer distances and use largeerkapping home ranges whereas
anestrous females travel shorter daily distancdsuaa smaller home ranges dispersed
within the community range (Wrangham and Smuts 1@8@&pman and Wrangham
1993, Doran 1997, Williams et al. 2002b).

In general, long-term studies indicate that thedifierences observed in
chimpanzee ranging patterns are linked to reprogribenefits. Watts and Mitani (2001)
have shown that individual males who frequentltipgrate in boundary patrols are
characterized by greater mating success. It hasalsn suggested that males benefit
from territoriality by excluding unrelated malesin both mate and food competition
(Manson and Wrangham 1991, Wilson and Wrangham)2&@3 providing greater
resource availability to resident females, therneloyeasing female fecundity, and
ultimately their own (male) reproductive fitnessil\&ms et al. 2004). Space use in
males is therefore often described in relatioroad and mating benefits.

For females, reproductive fitness and rank varjwhe location, quality and size
of their core area. Females found in smaller, lojgality areas have shorter interbirth

intervals and higher infant survival rates thandowanking females who are often

93



characterized by larger, lower quality areas fonedr the periphery of the group range
(Nishida 1989, Pusey et al. 1997, Williams et @02 Murray et al. 2007, Emery
Thompson et al. 2007). These studies imply thagaferoore area use affords greater
familiarity with and access to available resounsékin the range (Williams et al.2002,
Murray et al. 2007, Emery Thompson et al. 2007).

The theoretical construct linking the conflict gproductive priorities to range
use is therefore well supported among chimpan&aeextension, it also predicts how
various components of foraging behavior shouldediffetween the sexes. Yet despite a
wealth of data on long-term ranging patterns, thetitle evidence linking sex
differences in range use to more proximate measiiresaging. Chimpanzees are ripe
fruit specialists and supplement their diet withbfack foods such as leaves, figs, and
terrestrial pith and leaves (TPL) when preferredt fis scarce (Wrangham 1977,
Wrangham et al. 1996, Conklin-Brittain et al. 1998)e to the flexibility of fission-
fusion grouping, there is a complex relation ampagy size, travel and ecological
constraints such as the distribution, availabdgityg size of fruit patches (Isabirye-Basuta
1989, Isbell et al. 1998, Chapman and Chapman 2@0inpanzees therefore illustrate
many of the basic relations outlined in foragingdty and the ecological constraints
model (Chapman and Chapman 2000). As party sizeases group members must
either travel farther and feed in more food patchisst larger patches, or switch to lower
guality but more abundant resources in order topmareate for increased feeding
competition, particularly during periods when predé fruit is scarce (Wrangham et al.
1993, Chapman et al. 1995, Chapman and Chapmarn.20@®me cases, home range

size expands during periods of lower fruit avaiidpivhen individuals rely more on
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scattered foods (Basabose 2005, Murray 2007). Adtarely, home range has also been
observed to contract when fruit is scarce and iddais supplement their diet with more
leaves and herbs (Wrangham 1977, Hasegawa 1998n0807, Lehmann and Boesch
2003). However, few studies have looked more spatly at these patterns in terms of
sex differences with the exception of Wrangham @mulits (1980) who found that large
resources used by females were closer togethetlioae used by males. In studies of
spider monkeys, which are also characterized Isyofisfusion, individuals were
observed to travel in rather linear and regulatesibetween fruit patches (DiFiore and
Suarez 2007, Valero and Byrne 2007). While the &arstudy concentrated only on
females, the latter found no significant sex défese (DiFiore and Suarez 2007, Valero
and Byrne 2007). In addition, van Roosmalen (198&erved that female spider
monkeys had a detailed knowledge of fruit resouncéiseir core area. Thus, while sex
differences in ranging are proposed to be derimgghit from a conflict in reproductive
and foraging investment, there is little known attooaw these fission-fusion spatial
patterns are related to sex differences in foraging

In this study | test the hypothesis that femalegyeanse is more closely related to
foraging than male range use by examining specibgement patterns in relation to
foraging in the Kanyawara chimpanzee community.efiwat al. (2008) proposed that
dynamics of fission-fusion are best examined birtgdor deviations from a null
foraging model in which all individual decisionsrainging and grouping are based on
maximizing access to resources. Using this framkwbfemale ranging is more linked
to foraging, then they are expected to confornméortull model and adapt their ranging

to ecological constraints. Males, in contrast,exgected to deviate from the null model
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if social factors have a greater impact on theigmag patterns. | examine this prediction
by first establishing whether males travel farthed use larger home ranges than females
as has been found in previous studies of east@mpelmzees. Next, | test how strongly
male and female travel patterns are related tairesavailability. More specifically, if
female travel is linked more to foraging, | preditat daily travel distance will be
positively related to the number of fruit patchesited per day and negatively related to
the average size of fruit patches visited per dagmparty size effects among males and
females are controlled for. Likewise, if femalee arore likely to maximize foraging
effort, then it is expected they will do so in paytusing their range in a more efficient
manner. It is therefore predicted that females tralel more efficiently between fruit
patches, using shorter distances and more lineéesoFemales are also expected to use
their range in a more clumped fashion and to ctiver range more intensively than
males. Given that females in this study group vpeeiously found to depend more on
fig fruit as a fallback food, whereas males prefdrf PL (Chapter 2), | predict that

female range size will vary more with preferredtfavailability.

Methods
Sudy Ste and Community

Research was conducted from May 2004 to July 20@Bea Kibale National Park
located in western Uganda (Chapman et al. 199%).ritjority of the 766 kf mid-
altitude park is characterized by moist, evergfeeest and includes a mix of swamp,

grassland, pine plantations, thicket, and seconfdaegt. Annual rainfall averages 1,662
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mm, with two rainy seasons per year (typically Maticrough May and August through
November) (Struhsaker 1997).

This study focused on the Kanyawara community whigé been the subject of
long-term study by Dr. Richard Wrangham and theakéliChimpanzee Project (KCP)
since 1987 (Wrangham et al. 1996). During the spe&tjod, the community consisted of
55 known individuals including 10 adult males (3#ars old), 3 adolescent males (8-15
years old), 14 adult females (> 14 years old) aaddescent females (8-13 years old).
Age classifications followed Goodall 1986 and wieased on long-term birth records

collected by the KCP.

Data Collection

Full day focal follows (Altmann 1974) were condwttan adult males and
anestrous females. Five individuals of varying ranl age were sampled from each sex
in order to obtain a consistent and unbiased saoffilee community throughout the
study period. Each female traveled with at leastiofant and one juvenile during the
study. If a female focal animal came into estrag, was not followed during the phase of
maximal anogenital swelling (typically lasting 1@-days (Goodall 1986)) in order to
avoid confounding socio-sexual influences. All foleamales exhibited similar levels of
habituation and had previously been determinectastfal” based on location of core
area within the community range (Emery Thompsaasl.2007). A field assistant was
assigned to independently follow an individual ¢ove as a focal animal for the
subsequent day in order to reduce the potentialdfiollowing larger parties or

individuals belonging to the same party for consgeulays. Although complete nest to
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nest follows were not always possible, the mealy di@liow was 9.2 hours in duration.
While no patrols, as defined by Watts and MitafiQ2) occurred on the focal follow
days included in this study, the chimpanzees nahesh visited extreme points within
their known range.

Travel distance was measured continuously by paoétgnd the focal individual
(Isbell et al. 1999). Arboreal travel distance wwatimated and consisted of vertical travel
up and down trees as well as all travel withindaeopy. The location of the focal
individual was recorded every fifteen minutes usangandheld Global Positioning
System (GPS) unit (Garmin 12XL; error <10m). Adaliially, the location of all food
patches, including 1) fruit patches (fig and napffuit), 2) terrestrial herbaceous pith
and leaves (TPL), and 3) tree leaves, visited byfdloal subject was recorded using the
GPS.

For most fruit and leaf species, a patch was etpnt@o an individual feeding
tree and was measured as the diameter at bregbt (BBH). In some species (i.e.
Mimusops bagshawei, Uvariopsis congensis), fruit trees were often clustered in groves
allowing individuals to feed consecutively in thesges without extensive travel. In such
cases, a patch was defined as fruit trees of tine species that were within 20m of each
other and the patch was estimated as the sum @fBlemeasurements for each of the
trees that the focal individual visited. TPL candmeountered either as isolated stems
scattered throughout the forest or in larger, cotregéed fields of vegetation. For the

purposes of this study, a TPL patch was definemhggpatch greater than 2 x 2m.
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Analysis
Daily Travel Distance

In previous studies of chimpanzee daily path lefBtAL) and day journey length
(DJL) are typically based on the cumulative straigte distances travelled between
successive location points recorded at standa B9min intervals (Wrangham and
Smuts 1980, Herbinger et al. 2001, Williams eR8D2, Lehmann and Boesch 2004,
Pontzer and Wrangham 2004 but see Doran 1997).résuét, they may underestimate
total travel since they fail to take into accouawel within resources, meandering travel
between resources and travel that occurs in tiées.method could potentially lead to
sex-related biases in the measurement of trawslafsex travels more within resources,
in a less linear fashion between resources oraadben reported for chimpanzees, is
more frequently arboreal (Takemoto 2004). To prétesse potential sources of error, |
calculated daily travel distance (DTD) as the sdrallderrestrial and arboreal travel
during nest to nest follows (n=60) (Table 4.1). €ispent arboreal and terrestrial was

calculated as the percentage of total observaitios dbserved in each category.

Home Range

Home range size was calculated from all 15min loogboints recorded during
focal follow days (n= 149 days) using both the mmam convex polygon (MCP) and
grid cell methods (Mohr 1947). The MCP home rangs ealculated as the smallest
polygon encompassing 100%, 99%, 98%, 95% and 9086 GPS points in order to test
for the effects of outliers. Since there was naisicant difference in home range

estimate according to the percentage of points (ISeg 2.131, p=0.20), | present the
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values using 98% of points in this paper. | calmdehome range with the grid cell
method by overlaying a 500 x 500m grid over thelgtarea, determining the number of
grid cells entered by the focal individual, and timlying by the total by the area of each
grid cell (0.25kr). Although both methods have reported weaknesgesifically the
MCP method tends to overestimate range size dsensitivity to sample size and
outliers and the accuracy of the grid cell methedeashds upon the grid cell size (Powell
2000), they are both commonly used in primate s&jdind therefore used here to permit
comparison with previous work (Newton-Fisher 2008hmann and Boesch 2005). In
order to test whether sample size was sufficiedt@mparable, | calculated area curves
for each focal individual. A plateau in range sizas reached for each individual (mean
plateau at 330 location points). Since samplefeizeach individual was greater than
330 points (Table 4.1), this suggests an accuratesare of home range size was
measured for each individual. All spatial analysas conducted using the Biotas v. 1.3

software (Ecological solutions 2005).

Patch Use

Travel between feeding patches, i.e. inter-patabel; was calculated as the total
distance (terrestrial and arboreal) travelled betwleaving one feeding patch and
entering the subsequent one. Inter-patch traveloategorized more specifically as 1)
travel between all patches (fruit, leaf and TPLJ &y travel between fruit patches. GPS
location points of food patches were entered intwd and the straight line distance
between feeding patches was determined. To tesheshmales and females differed in

how directly they travelled between patches | daled an inter-patch linearity index as
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the ratio between the straight line distance aedatitual distance travelled between
patches following Valero and Byrne (2007). Thus, ligher the ratio (approaching 1),
the more directly chimpanzees travelled betweecheat Each inter-patch segment was
treated as a data point (females: inter-patch r6; Bearity n= 150; males: inter-patch

n= 284, linearity n= 149).

Home Range Use

To examine how uniformly males and females useid timene range, | calculated
the standardized Morisita index of dispersion facleindividual (Krebs 1999). The index
ranges from -1.0 to +1.0, and measures relativceugage, with indices above zero
indicating a clumped pattern, indices below zedidate a uniform pattern and an index
of zero denoting a random pattern of aggregatidoaation points. This index has the
advantage of being independent of density and sasipé, but may be sensitive to
guadrat size (Myers 1978, Lehmann and Boesch 2005).

The intensity of home range usage was calculated) t&o metrics based on
daily travel measurements. First, for each indigidthe intensity of movement was
calculated as the DTD divided by the square rodhethome range (Goszczynski 1986
as adapted by Loretto and Viera 2005). This measemeédescribes to what extent the
individual covers its home range in a given dayxddely, | evaluated the degree to
which each sex used its total home range on a basis by calculating the percentage of
daily home range to total home range (Schmidt.2G03). Both parameters allow for

evaluation of home range used on finer scale dy diaiaging activity.
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Seasonal variation in range use was investigatetidtyguishing between the fig
fruit and non-fig fruit season. Long-term researdcates that chimpanzees of the
Kanyawara community exhibit a clear preferencectatain non-fig, or succulent drupe
fruit species including/limusops bagshawei, Pseudospondias microcarpa, and
Uvariopsis congensis (Wrangham et al. 1996, Emery Thompson 2005). Ireaipus
study at the same site, Sherry (2003) found tha 8pent feeding on preferred fruits was
correlated with fruit availability as measured thepological transects. These species
tend to fruit synchronously at the intraspecifiedebut asynchronously at the species
level. This results in clear and isolated periofdgreferred fruit availability during which
these foods dominate the chimpanzee diet (Chaptre&ln¥999). Figs, in contrast, are
available year round but are unpredictable andeseat throughout the range (Chapman
et al. 2005). Therefore, using similar methodsrevus studies at this site (Emery
Thompson 2005, Gilby and Wrangham 2007), the seassrdefined as non-fig fruit
season if over 40% of the diet consisted of preféfruit for three consecutive days. All
other days were attributed to the fig fruit seadauring the study period, the non-fig
fruit season corresponded to two major periodsitioly September to December and

March to May. Individuals and sexes were samplexhly across seasons.

Satistics

General linear models (GLMs) were used to evalsexedifferences in ranging
parameters. Each focal individual was treated aedapendent data point unless
otherwise indicated (i.e. inter-patch travel analysAnalyses of seasonal variation used a

repeated measures design to account for repeatealisg of the same individual. The
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relationship between DTD and foraging parameters also evaluated using GLMs. For
this analysis, each complete full day follow wasated as an independent data point (c.f.
Knott 1998, Anderson et al. 2002, Fox et al. 208dthough this approach introduces the
possibility of pseudoreplication, the model inclddbe focal individual as a random
effect to test for variation (Baayen et al. 20@2)D was entered as the dependent
variable and mean daily fruit patch size and thal toumber of fruit patches visited per
day were entered as continuous predictor variaBiese previous studies have shown
effects of party size and season on DTD, theseifaskerved as covariates to control for
effects (see Chapter 3 for methods regarding [ag). Partial correlation analysis was
used to investigate the variance in DTD attributedach of the test variables after
controlling for the effects of the other indepenideariables. All data not meeting the
assumptions of the normal distribution were log$farmed. Statistical analyses were

performed using Statistica v. 5.5.

Results
Sex Differences in DTD and Home Range Sze

In contrast to previous studies (Wrangham 1979ltjafis et al. 2002b, Pontzer
and Wrangham 2004), there was no significant diffee in total daily travel distance
between males and females, with females travelmgverage 2.3 £ 0.5 km and males
traveling 2.8 + 0.5 km per day (F=1.810, p=0.22) (Table 4.1). While males tended to
travel farther on the ground (females: 1.8 + 0.5 kmales: 2.4 + 0.5 km,f4=3.362,
p=0.10), females travelled farther in the treemfkes: 486 + 71 m, males: 393 + 60 m,

Fa, 4=5.080, p=0.04). Greater arboreal travel in femedemt unexpected given that
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females spent significantly more time arboreal caragd to males (females: 73% of time

arboreal vs. males: 40% of time arboreal, 4= 42.037, p<0.01).

Males used larger home ranges than females regaroféehe method used to calculate
home range size (98% MCP: females: 5.9 + 1.6, knales: 11.7 + 1.3 kinFy, 4=
100.50, p= 0.00; grid cell: females: 6.2 £ 1.6 knmajes: 9.5 + 1.1kf R, a7 61.442,

p<0.01) (Figure 4.1).

Travel Distance in Relation to Foraging

In order to compare the relative relationship betweavel distance and patch
use, | first examined whether there was a sexreifiee in overall patch use. Males and
females did not differ in the total number of fquatches visited per day. Both visited an
average of six food patches per day (females B8 Ppatches, males 6.2 + 1.0 patches,
Fa, 2= 0.364, p=0.56), four of which were fruit (femal&s7 + 0.5 patches, males: 3.9 +
0.9 patches, (£ 4= 0.421, p= 0.54). The average size of fruit patchecluding groves,
visited per day by males and females also did iff&rdmean DBH females: 123.5 £12.2
cm, males: 106.9 + 22.7cmy R=2.092, p=0.19).

Next | tested whether both male and female ranpatterns were equally based
on maximizing access to resources as predictetidogull foraging model, or conversely
whether female ranging was influenced more by fiogad-or both sexes the daily travel
distance was predicted by the number of fruit pedohisited as would be expected if
ranging was tied to foraging efficiency (femaleartfal r = 0.38, p=0.01, males: partial r

=0.29, p=0.01) (Table 4.2). However, a secondgioigindicator, mean patch size,
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predicted female but not male travel, since fertraleel decreased with increasing patch
size (females: partial r=-0.53, p= 0.05, malestigla= -0.46, p=0.40) (Table 4.2). When
either all patches or only fruit patches were coeisd, females travelled shorter inter-
patch distances than males (Table 4.3), althoughwihs only a trend towards
significance in the latter case. Females also lievenore directly between fruit patches
than males, with a linearity of travel index of @&sus 0.74 (Table 4.3). Females did not
travel more directly than males when travel betwaépatches was considered (Table

4.3).

Home Range Use

Both males and females exhibited standardized Maiisdices greater than zero,
indicating that they both used their range in angad fashion. However, this was more
the case in females who used their range in a oloneped distribution (females: 0.54 +
0.01, males: 0.52 + 0.00iF= 6.808, p= 0.04).

Males tended to use a larger daily home rangeftéranles (females: 0.062 +
0.01knf, males: 0.08 + 0.02 KmR, 4= 4.334, p=0.07) (Table 4.4). Females were thus
able to cover their own home range more intensivalya daily basis — both in terms of
the actual distance covered (females: 0.92 + Grikdes: 0.74 + 0.14, 4= 5.728,
p=0.04) as well as the percentage of total homgeanea ( females: 1.00 + 0.16%,
males: 0.81 + 0.14%,£4= 4.302, p=0.07) (Table 4.4).

Both males and females increased the size of hloare range when preferred
fruit was scarce however this difference was omgpificant in females (females: 4.84 *

2.06 vs. 1.99 + 1.47 KmRy g~ 9.735, p=0.04, males: 8.15 + 2.37 vs. .53 + k98, R,
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g= 3.872, p=0.12) . Despite this change, males gtalenaintain a larger home range in

both seasons (Table 4.5)

Discussion
Travel Distance and Range Size

Similar to previous studies of eastern chimpanziés study found that males
use a larger home range than females (Wrangham ¥Y¥&&angham and Smuts 1980,
Hasegawa 1990, Williams et al. 2002b). Howevecantrast to these same studies, total
travel distance was similar for both sexes. If delyestrial travel- an approximation of
straight-line distance- is considered, males terddrthvel greater distances that are in
fact similar to those reported in a previous statlthis site using different methods
(Pontzer and Wrangham 2004) (Table 6). While Wwidely recognized that female
chimpanzees are more arboreal than males (WranghdrBmuts 1980, Hunt 1989,
Doran 1993, Takemoto 2004), this factor has nohlpeeviously considered in measures
of travel distance. By including all travel in theeasure of DTD, this study accounts for
this discrepancy and reveals that the additioreofdie travel in the canopy, both
between and within food patches, may reduce theepexd sex difference that results
when only straight-line or terrestrial travel isoeded. It is of note that at Tai, where
males and females are most similar in terms of 8pent arboreal, the sexes are also
observed to travel similar distances (Herbingex €2001) (Table 6). This lack of a sex
difference is perhaps most relevant when consigehia comparative locomotor costs
for the sexes as this finding would imply that @iffnces in ranging are not necessarily

due to different strategies of energy conservatizmen that chimpanzee mothers may
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have greater energetic costs than males due todegtion, this result suggests that
females in this community are, on average, expenaiare energy on travel than males
(Key and Ross 1999, Chapter 2). If this predict®tested using calculations outlined in
Chapters 2 and 3, females in fact tend to expena mwergy than males in travel (364
versus 294 kcal per day) (Pokempner, unpublish&).da comparison, Pontzer and
Wrangham (2004) estimated that males expendedilgligiore energy on travel than
mothers (243 versus 204 kcal per day, respectivieiy)this measure was calculated
based on only terrestrial travel and vertical clingband did not include travel within the
canopy.

The fact that no difference in travel distance detected may result in part from
my having only sampled “central” females who temdé more gregarious, and by
definition, share a greater overlap with the malege compared to peripheral females
(Williams et al. 2002b, Emery Thompson et al. 20Q#}le to date is known about the
behavior of peripheral females because of theddlifies inherent in their study but it
appears that they use lower quality and larger ageas (Williams et al. 2002b, Emery
Thompson et al. 2007, Murray et al. 2008). Dutimg study central females spent less
time alone and more time in social parties (Chaptehan recorded previously at this
and other sites (Wrangham and Smuts 1980, Wranghaih992) (Table 4.6), which
may account for some similarity in male and femedgel. Lehmann and Boesch (2005)
suggest that the variation observed in sex difleeeramong western and eastern
populations may in part be explained by differenoasse of peripheral areas by
individuals rather than simply sex differences aloAlthough difficult to obtain, data on

these peripheral individuals will be of great imjamice in distinguishing whether the lack
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of sex differences in travel distance observed hezea byproduct of variation within
females. However, while greater association betweersexes may result in similar
travel patterns, the fact that males and femaldsisnstudy still differed in range size
indicates that this was not simply a matter of sioggnmore time travelling together.

A comparison of sex differences in ranging amorggldimg-term chimpanzee
study sites also reveals the importance of consigeéhe influence of demographics and
territorial behavior. Male range use is expecterkflect group territoriality and in
chimpanzees this is most often indicated by patcblity. Groups composed mainly of
males visit the borders of the community rangenirefiiort to monitor their territory and,
in some cases, direct incursions into neighborémgtories (Watts and Mitani 2001,
Watts et al. 2006). At some sites, the number désiam the community is positively
associated with community range size (Lehmann ayeséh 2003 but see Gombe:
Williams et al. 2004 and spider monkeys: Wallac@7)Qwhile Williams (2000) found
that, more specifically, it was the number of matethe community relative to external
threats from neighboring communities that was &bgtredictor of range size. Since
females typically do not participate in patrolst(bae below), their home range is often
smaller and it might be expected that communitiaere males patrol more frequently
exhibit greater sex differences in ranging. Howedespite the fact that males at both
Gombe and Tai patrolled the area at the same freguenly the Gombe community
showed sex differences in ranging. This discrepanight be an artifact of sampling
protocol as Doran (1997) found sex differencesis $ame population, or this might
reflect the fact that females at Tai are knownddipipate in patrols as well (Boesch and

Boesch Achermann 2000). Tai also stands out antengites as having a sex ratio
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heavily skewed towards females. Long-term studsanfing patterns at Tai revealed that
sex differences became more apparent as commanigyersize increased along with the
number of males (Lehmann and Boesch 2004). Thas#me relation may hold across
study sites and may be associated with the relatimeber of males. The Ngogo
community is the largest known chimpanzee commuibg total individuals with 23
adult males) and is characterized by a relativelgd home range (Table 4.6). Although
reported values for home range and travel disténooe this community are preliminary
and likely to be underestimates, they nonetheles® & substantial difference between
the sexes as might be predicted if demography anthwinity range size are an
important influence (Table 4.6). In addition, sdead spatial subgroups are found
within both males and females at this site (Mitamil Amsler 2003, Wakefield 2008).
More information on sex differences within the Ngagpmmunity will be particularly

valuable in putting inter-site variation into coxite

Range Use and Foraging

In general, ranging patterns in primates are piisnaafluenced by ecological
constraints and the search for food, particulatemw considering movements at the
group level (Altmann 1974, Milton 1980). Althougbraplicated by factors such as
group size, foraging theory predicts that indiviguaill range so as to maximize
foraging efficiency (Stephens and Krebs 1986).gfonates who forage on resources
that are patchily distributed, travel distance eantje use often respond to resource
availability and patch size (Terborgh 1983, Olugioal. 1997, Ganas and Robbins 2005)

and increased travel distance typically resultsrnicountering more food resources
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(Janson 1988, Norconk and Kinzey 1994). Howeveewtiewed at the level of sex-
based strategies, female ranging is expected todoe strongly linked to these patterns
of foraging efficiency, whereas male ranging i®oftnodified by behaviors related to
mate and resource defense, and may thus deviatefdraging models. While both
males and females in this study visited more fsaiches with greater travel, female
ranging responded more to foraging parameters. @ntales exhibited a response to
patch size, travelling shorter distances on daysnwihey fed in larger fruit patches. This
result suggests that they were able to obtain rfioae in these larger patches, thus
limiting the distance they had to search for subsatfood sources. This relation was
not necessarily driven by party size as a prevaugy of this community found no
association between female party size and frudtpsize (Chapter 2). However, this
current study made no assessment of variationaifitgwf individual resources and this
would need to be considered to evaluate the effogi®f patch use (Janson and Byrne
2007).

Females also exhibited a greater response todvaitability by expanding their
home range during periods when preferred fruit seasce. This result may reflect the
fact that females were also observed to spend timesfeeding on fig fruits during this
season in comparison to males, and thus may haeerasre of the range in search of
these scattered resources (Chapter 2). In conprastious studies have shown that in
periods of resource scarcity both sexes spendifesdravelling (Tai: Doran 1997) and
use a smaller home range (Gombe: Murray et al. R@&®ales travel shorter distances
(Mahale: Matsumoto-Oda 2002), and males, not fesnajeend less time travelling and

use a smaller home range (Gombe: Wrangham 197 Ahéather hand, Herbinger et al.
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(2001) observed that chimpanzees in two of thr@enconities at Tai travelled farther
when food was scarce. The discrepancy between tassks is most likely due to
definition as many of these studies used rainfahl @roxy of season. In this study, the
definition of season was based on the availakalitgt distribution of preferred versus
non-preferred fruits, according to site-specifiedang patterns. Thus while a functional
difference in range use according to fruiting patsevas found, this result may not be
directly comparable to previous studies and dennatest the importance of considering
the influence of fallback foods in range use.

Previous studies of chimpanzees have confirmed¢nadles show stronger site
fidelity than males, preferring smaller core artbed vary in quality, and that
furthermore, this ranging pattern is related fwroductive fitness (Williams et al. 2002b,
Emery Thompson et al. 2007, Murray et al. 2008% ifhplication of this is that females
benefit from greater knowledge of the location amdilability of resources within these
areas as opposed to males (but see Murray et@8.f20 seasonal male core area use).
While testing the relative knowledge of the area Wwayond the scope of this study, the
results suggest that females may have used thegenaore efficiently. Females used
their range in a more clumped fashion and travenseck of their total home range on a
daily basis. Despite the fact that females tenddthtze smaller daily home ranges than
males, they visited the same number of fruit pagies day, indicating that they were
able to locate the same amount of resources inedlesmarea. Moreover, females
travelled shorter distances between all food pateimel were found to travel more
linearly between fruit patches, implying more dieztroutes between resources.

However, while these findings suggest female edficy in range use, a more accurate
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test must incorporate not only the resources tleaéwisited by the individual but also
the available resources that were passed alonfgithging route.

While this study focused on the relation betweeadog and range use using a
limited number of parameters, there are alternarmanations for the observed
differences not directly considered here. In mainyogiphic mammals, differences in
body size, or more specifically, differences in thetabolic requirements dictated by
body mass, result in different ranging patternsh\drger animals tending to travel
farther and using larger home ranges (McNab 196BpMand May 1976, Garland
1983). However, the relatively moderate level oflypmass dimorphism coupled with the
high energetic demands of reproduction in chimpaszeiggests that differences in body
size alone may not directly correspond to diffeemnio energetic requirements (Key and
Ross 1999, Pokempner unpublished data). When ebatiditional body mass in males
is considered, male requirements are expected abdet 27% higher than those of
females (Smith and Jungers 1997). In contrasttiaddi costs of reproduction would
raise female requirements an estimated 25-50% diwse level (Portman 1970,
Oftedahl 1984, Aiello and Key 2002). Alternativellge influence of offspring on female
travel patterns may also confound sex differenceanging since females with small
infants and juveniles were found to travel shodistances at Gombe and Kanyawara
respectively (Williams et al. 2002a, Pontzer andlgham 2006 but see Lehmann and
Boesch 2005). While sample size was limited, aipiahry investigation of this study
population revealed a similar effect of infantstbair mother's DTD (Pokempner
unpublished data). Perhaps more difficult to qugmsithe effect of offspring on general

range use — and more specifically the possibitit mothers may avoid peripheral areas
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due to increased vulnerability to lethal intergratfacks and infanticide (Goodall et al.
1979, Arcadi and Wrangham 1999, Watts et al. 20@&&e Lehmann and Boesch 2005).
Overall, these results support existing modelfefdpatial segregation in fission-
fusion species. While ultimately both males anddks® will benefit from ranging in a
manner so as to improve foraging efficiency, malesless constrained by reproductive
costs and more likely to be influenced by sociatdes. In a number of semi-solitary and
fission-fusion species, males invest in cooperatiferts to defend resources preferred
by females (cheetahs: Caro 1994; raccoons: GedhFatzell 1998, kinkajous: Kays
1999). Although males are not exempt from ecoldgioastraints and may modify their
foraging behavior accordingly, particularly in timef scarcity (Murray 2006, 2008), this
study shows that female range use responds mdoegiging constraints. Females in this
study visited the same number of patches as matds b smaller area, expanded their
home range size in relation to fruit distributichpeferred resources became scarce, and
travelled more directly between fruit patches. Wlpirevious studies have suggested that
females gain foraging benefits from differentiatede area use, the results of this study
provide further evidence that female core areasis®re related to foraging efficiency

as compared to males.
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Table 4.1 Sample size and distribution among focahdividuals and sexes used for determining DTD anddlome
range size.

DTD= daily travel distance (see text for calculajio

Mean Length Focal Follow Focal Follows Mean # GPS Home Range 9 Time
Total Focal of Focal Days Used Mean DTD  Used for Points per Total # GPS (km?) (98% Spent
Focal ID Follow Days Follow for DTD (km) Home Range Focal Follow Points Grid Cell) Arboreal
Females AL 14 9.6 £1.9 6 3.0+0.9 14 30 540 6.8 70
BL 15 9.0+£1.9 7 19 +1.1 15 33 433 4.5 81
NL 13 95+1.7 8 21 +£1.1 13 36 467 5.8 78
ou 17 95+1.0 7 2.7 +0.9 17 33 535 8.5 57
TG 15 9.2 +21 6 20+1.1 15 27 464 5.3 78
Mean per
Individual 15 9.4 £1.7 7 2.3+0.5 15 32 488 6.2 73
Males Al 14 9.0x16 5 25 +0.4 14 31 438 9.5 35
KK 15 9.7+1.8 5 3.5+0.9 15 31 562 10.5 44
LK 15 8.2+17 6 25+1.1 15 27 412 10.3 42
MS 14 9.6 1.9 5 2.9+ 1.1 14 32 479 9.3 34
YB 17 9.1+1.9 5 2.5+0.9 17 26 520 7.8 47
Mean per
Individual 15 9.1+1.8 5 2.8 0.5 15 29 482 9.5 40
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Table 4.2 GLM partial correlation coefficients for the relation between
DTD and the number of fruit patches visited per dayand the mean patch
size of fruit trees visited per day.

# Fruit Patches Per Day Mean Daily Fruit Patch Size

F partial r p F partial r p
Females 7.394 0.38 0.01 4.193 -0.53 0.05
Males 10.883 0.29 0.01 0.753 -0.46 0.40
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Table 4.3 Sex differences in actual distance tralled between patches and linearity
of inter-patch travel.

All Food Patches Fruit to Fruit Patches
Interpatch Distance Interpatch Distance
Travelled (m) n Linearity n Travelled (m) n Linearity n
Females 348.08 +280.56 306 0.77 £0.15 150 370.14 + 290.44 14080 8 0.15 67
Males 420.27 +374.04 284 0.75+0.14 149 443.86 + 373.93 13674 8#0.15 68
F=7.098, p=0.01 F=1.150, p=0.28 F=3.357, p=0.06 F=5.820.02
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Table 4.4 Sex differences in daily home range anitensity of use.
Intensity is measured in terms of the proportiotheftotal home range that an
individual covers in a day both in distance andpetage of total area.

Intensity of Use

Daily Travel Daily Home
Daily Home Range Distance/Home Range/Home Rang
(km?) Range (kmAkm?) (%)
Females 0.06 +£0.01 0.92+0.14 1.00£0.16
Males 0.08 £ 0.02 0.74+0.14 0.81+0.14

F=4.334, p=0.07

F=5.728, p=0.04 F=4.302, p=0.07
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Table 4.5 Sex differences in home range size (Rnin response to
seasonality.

Fig Seaso Non Fig Seaso
Females 4.84 +2.06 1.99+1.47 F=9.735 p=0.04
Males 8.15+2.37 453 +1.99 F=3.872 p=0.12

F=5.542 p=0.04 F=5.227 p=0.05
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Table 4.6 Comparison of male and female range useross major chimpanzee study sites.

Gombe
Kanyawara

Ngogo1
Tai®

Kanyawara3
(this study)

Daily Travel Distance ~ Home Range %Time  payrolRate % Time  Community Sex Ratio
(km) (km') Arboreal _ (patrols per Females Spel Size (# all Community  (adult male:
M F M F M F week) Alone individ.s) Range (krf) adult female)
3.8 2.8 7.3 4.0 37 68 0.3 65 37 10-13 0.6
2.4 1.9 12.1 8.5 - - 70 50 14.9 0.7
2.1 0.6 14.0 3.0 - - 0.7 20 150 17.5 0.6
3.7(3.0) 3.6(L.9) 113 105 49 65 0.3 19 (45) 35 9-13.5 0.2
28(2.4) 2.3(L8) 117 59 40 73 18 55 0.7

Gombe: Wrangham and Smuts 1980, Goodall 1986, DamdrHunt 1994; Kanyawara: Wrangham et al. 1992p@iam and Wrangham 1993, Wilson
2001, Pontzer and Wrangham 2004; Ngogo: Watts atan2001, Amsler pers. comm.; Tai: Boesch 1996, B4&07, Boesch and Boesch

Achermann 2000, Herbinger et al. 2001

* Data presented on DTD and home range for each sexsidered preliminary and expected to be an ustievate for both sexes. These estim.
were provided by S. Amsler and represent data cellieoy S. Amsler, J. Mitani and M. Wakefield.

2 Data in parentheses from Doran 1997 using diffesamtpling methods.
% Data in parentheses indicate DTD based on onlysteiaétravel.
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Figure 4.1 Male and female home ranges based on 98% MCE.

Home ranges of the five focal males are shownue bind home ranges of the five
focal females are shown in red. Ranges are showafenence to the trail system
which covers the extent of the known range forkhayawara community.

1]
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Chapter 5

Conclusion

The aim of this dissertation was to investigatertarire of sex differences in
foraging in primates. By focusing on a fission-tusspecies, | was able to examine 1)
whether males and females differ in diet qualitgl &raging effort, 2) how males and
females respond to variation in party size, andi8ther differences in ranging relate to
foraging. Although | dealt with each of these tgpéeparately in the organization of this
dissertation, they are highly interdependent. is toncluding chapter, | first review the
major findings of this dissertation. | then synikeghese results by outlining what this
study reveals about male and female strategiedigsian-fusion species. | conclude by
setting these results in the context of sex diffees in primates and other mammals and

indicate possibilities for future research.

Dissertation Summary

In chapter 2, | examined sex differences in diet famaging by looking more
specifically at actual intake and efficiency in egmbnd females. Sex differences were
predicted due to a conflict in reproductive stregegMore specifically, females were

expected to exhibit greater foraging effort in artteobtain a higher quality diet due to
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the energetic demands of reproduction. As malesare likely to invest in social
activities related to mate competition and resodefense, it was expected that they
would devote less effort to foraging. Alternativelfymale dominance over females
translated into priority of access when feedingyas predicted that they would obtain a
higher quality diet. However, this study founddtoverall sex difference in diet quality
and time devoted to foraging. Males and femaleg®whbaracterized by a similar absolute
caloric and nutritional daily intake, although fdesadid have a higher intake per unit
body mass. Instead, males and females displayBtatt adaptations to variation in
preferred fruit availability. Females met the chatie of reduced availability by
increasing the time they spent feeding and feedinmore fig fruits. Males spent more
time feeding on an herb leaf which, while of lovaésolute nutritional value, had a
higher energy yield due to higher ingestion raidss difference resulted in males being
more efficient foragers than females based on etiesy

While chapter 2 focused on the overall feedingtsgyaand intake of males and
females, chapter 3 investigated how variation inypsize affected these patterns. Within
group scramble competition (WGS) is expected tdt loptimal party size if group
foraging results in a per capita decrease in ingakhe number of individuals in the party
increases (van Schaik and van Noordwijk 1988). To& of WGS is often measured in
terms of increased travel distance as larger grougsbe forced to travel farther in order
to compensate for faster rates of patch depléfianson and Goldsmith 1995). In
chimpanzees, it is often hypothesized that fenmate®l in smaller parties as a means to
avoid the possible costs of WGS (Wrangham 2000ljafik 2002). In chapter 3, |

investigated this hypothesis by comparing theat$fef party size on both males and
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females as measured by relative intake and expeaditfound that only females
experienced greater travel costs as party sizeased. However, they were able to
compensate for this cost with an increase in aalatake, but only up to a point after
which expenditure outweighed intake. This critipaint corresponded to the mean party
size observed in the females of this study. Inremtt despite being in larger parties,
males did not show any clear costs of groupingdimiteduce their party size in times of
preferred fruit scarcity.

Often associated with the sex difference in gregemess is a similar distinction
in travel and range use patterns. Chimpanzee rmaleslly travel farther and use larger
home ranges than females (Wrangham and Smuts G@®@lall 1986, Hasegawa 1990,
Chapman and Wrangham 1993, Williams et al 2002tseei_ehmann and Boesch
2005). This difference is thought to reflect thetfdnat male ranging should reflect mate
or resource defense strategies whereas femalengasgould reflect greater access to
resources and more efficient and risk free foraginghapter 4, | attempted to relate sex
differences in ranging to foraging by examining hoawel distance was related to patch
use and how the sexes differed in their overaljeamse. | did this by assuming a null
foraging model which predicts that ranging willpead primarily to ecological
constraints. | hypothesized that females would beertikely to fit this model if their
ranging patterns reflected access to resourcegteater degree, whereas males would
be more likely to deviate from this model if sodattors had a greater influence on their
range use. | found that while males had larger hanges than females, both sexes
actually traveled similar distances per day whetrabel (arboreal and terrestrial) was

considered. Females used their range in a morepedrfashion and were able to cover
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more of it per day. While both males and femals#tedl more fruit patches as they
travelled longer distances, female travel alsoaechimversely with patch size. Males and
females visited the same number and same sizegsatchaverage, but females did so in
a smaller area, using shorter and more linear soute

In this study, foraging success and efficiencyenmeasured using a variety of
parameters. In some cases, these measures yieldiidtog results. This raises the
guestion as to what is the most relevant estimiafieraging efficiency. Absolute daily
energy intake was found to be similar in both maled females. While this measure
provides a general proxy of meeting metabolic negments, this only measures what is
gained and does not compensate for the energy éggen the process of foraging, nor
does it account for differences in metabolic cdsts to reproduction. Standardizing
intake per body weight may provide a more realisteasure that takes into consideration
differences in male and female body mass (see WBi&1&6) and it is therefore important
to note that females in this study had a highexkatof carbohydrates per unit mass.
However, in this study, this measure relied on gestimates of body mass and is
therefore a general proxy that still does not mfémergy expended in the process of
foraging. By incorporating energy expended whileépng (in terms of energy expended
during feeding and travel between food sources)measure of efficiency used in
Chapter 2, while still based on some generalizedrpaters, provides a more relevant
comparison in terms of fitness. In general — males$ females ingested the same amount
of energy, but since females expended more enartheiprocess of foraging
(particularly due to the compounded energetic cokteproduction) they were less

efficient.
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Fission-Fusion Foraging: Male and Female Strategies

Fission-fusion is rare among primates and is olegkprimarily inPan andAteles
species (Goodall 1986, Symington 1987, Chapmah &845). In the eastern
chimpanzee subspecid2af troglodytes schweinfurthii), communities typically conform
to the male-bonded model of fission-fusion (WrangH279b). As large bodied, ripe
fruit specialists, chimpanzees face a low levegdredation (but see Boesch 1991) and a
high potential for intraspecific feeding competitiaVith the pressures of predation
reduced, the costs of permanent cohesive groupafikely to outweigh the benefits
(van Schaik 1983). This results in a system in Windividuals in a community share the
same home range but travel in dispersed foragingepaf varying size and composition
(Kummer 1971, Wrangham 1979a, 1980, Goodall 1986n consequence, individuals
in fission-fusion communities may have greater mardver their foraging route and
party membership in comparison to cohesive livimdjviduals Females in particular are
expected to face higher costs of competition sithe& reproductive success depends
more on access to food (Schoener 1971, Wranghaf).1BBey are therefore predicted
to take advantage of this flexible system and acompetition by feeding in smaller
parties and by using smaller core areas that apedied within the community range.
Although females may benefit from being associatgd a community due to pressures
of between-group competition and infanticide, thizdel does not predict any benefits to
females from social foraging. Unable to efficierdigfend these dispersed females on
their own, males remain in their natal group whbey cooperatively defend the territory

(Dunbar 1988). Males are therefore predicted taiolddenefits from grouping including
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defense of potential mates and the resources #y@gnd on, increased success in
cooperative hunting, and the maintenance of ragkafirances (Watts and Mitani 2002,
Williams 2004, Duffy et al 2007). In general, tim®del has held up in the study of
eastern populations with notable additions inclgdiesearch expanding on the nature of
female-female competition (Pusey et al. 1997, \aftis 2002, Murray et al. 2006), the
hypothesis that lower gregariousness in motheataglto avoidance of males (Otali and
Gilchrist 2006), and evidence that males may resaunsing core areas in times of
resource scarcity (Murray et al. 2008).

The study presented in this dissertation also ples/support for this model and is
one of the first to evaluate these patterns usieggetic proxies and direct comparisons
between males and females. First, in accordandethét model and previous studies,
females were found to be more vulnerable to thésaafsgrouping as indicated by
increased travel and expenditure (Wrangham 2000iawis et al 2002a). However, this
study took this one step further by showing thatdkes were largely able to compensate
for high costs through increased intake and maatpui of party size. Females were thus
in smaller parties than males, spending more tilmeesand with members of the same
sex. Secondly, females travelled in smaller homgea than males and were able to
cover these areas more intensively. While thisystlid not look at relative quality or
overlap of core area (see Kahlenberg et al. 2@B8)results presented here (chapter 4)
suggest that females were able to use their ramge afficiently and may have
benefitted from greater familiarity with the smaltange.

While models of fission-fusion focus more on theiabbenefits to males, this

study was not able to fully test these benefithaswould require more long-term data
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as per Williams et al. (2004). While patrols weskatively infrequent in this community,
males, unlike females, did venture to extremesaoéahe known community range,
suggesting that they were monitoring their teryitédresults of this study however
indicate that male ranging and association wastmongly affected by foraging. Unlike
the results of Murray (2008), male home rangefaraging behavior varied little
according to fruit availability. As predicted, malgavelled in larger parties and were
more social. Even though larger parties did notespond to higher travel costs in males,
they did reduce their mean party size in periodesburce scarcity. Yet despite this
decrease in party size, they did not alter the timeg spent in social activities. However,
the inverse relation found between feeding timetand spent social may indicate that
social priorities constrained foraging behavioleaist in terms of the activity budget.
Instead, males spent more time feeding on falllspelcies which had a higher energetic
yield per unit time as evidenced by the highly etated relation between feeding time
and energy intake.

However, some of the results presented here comfiib previous findings and
assumptions of the ecological constraints modeaf@tan and Chapman 2000). First,
neither sex exhibited a positive relation betweartypsize and patch size and females did
not adjust their party size in response to frudikbility. In a study comparing the
relationship between food availability and parzesiHashimoto et al. (2003) suggest that
variation in fruit availability is less likely tofi@ct party size when overall food
abundance in the habitat is high enough to allawddequate” parties. Such a
relationship is also reported for the Sonso comtywfiBudongo where food is

abundant and figs provide a substantial portiothefdiet year round (Newton-Fisher et
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al, 2000). The lack of variation in female partgesin this study may therefore be
influenced by an overall level of high fruit avdilbty. A preliminary comparison of the
mean fruit availability during this study periodttvthat of 12 years of data from the
same site (Chapman et al. 2005) indicates thatthssa relatively abundant period. This
study also witnessed two peaks of the preferreld giglity fruit, Mimusops bagshawei.

As there can be high interannual variation in familability at this site (Chapman et al.
1999, 2005), it is possible that males and femalag vary their party size more in

poorer quality years. Habitat wide indices of f@ailability are therefore important in
understanding the plasticity of sex differencesbmtween as well as within chimpanzee
study sites.

Some aspects of female travel and associationdéfeoed from those previously
recognized in studies of eastern chimpanzees. \@hémavel was considered, females
actually travelled the same net distance as mAksdiscussed in chapter 4, this
conflicting result may be due to the fact that feeaare more arboreal than males and
traditional measures of daily travel distance matyfully account for this sex difference.
Females also spent less time alone and more titheotvier females than previously
reported either at Gombe or a past study at Kanga@drangham and Smuts 1980,
Wrangham et al. 1992). This result was true evémeiftwo highly associative females
were excluded from the analysis. Similarly surmgswas the fact that the negative
effects of group size on female travel costs aedifeg time were found to be primarily
driven by the number of females in the group. Tagilt may indicate that there might
be a benefit to female-female grouping that justifihis association. While few studies

have explored this benefits argument, Williamsle2®02) found that mothers may
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associate with other females in order to socidhedr offspring. As more studies focus
on female-female relationships, other possible fitsrend social complexities are likely
to emerge (Wakefield 2008). Alternatively, the degancy in both the travel and
association results may be due to the fact thatstinidy sampled only central females. As
discussed throughout this dissertation, this sargpigime is likely to be an important
factor in interpretation of these results. Sinasthfemales, by definition, had
overlapping ranges, a natural consequence miggtdager association among these
individuals based on spatial patterns alone ratreer social preference (Gilby and
Wrangham 2008). However, this bias in samplingtexis most studies of chimpanzees,
regardless of habituation, and these results shstiliidbe comparable. Moreover, there is
perhaps a danger in lumping the behavior of pergdtand central females as this may
conceal intrasexual variation.

Taken together, these results suggest that femadesbetter able to alter party
size and range use to maximize foraging relativeates. However, this idea was not
necessarily supported by the nutritional and erniergata. Females adapted their
foraging behavior more than males by increasingithe they spent feeding, feeding
more on fig fruits, and expanding their range whesferred fruit was limited. As
mentioned above, males responded to seasonalrgdoging their party size and
increasing the proportion of terrestrial herbshia tliet. Yet the sexes differed little in
energetic and nutritional intake and males werfadéhfound to be more energetically
efficient when preferred fruit was scarce. One fms®xplanation for this result (as
discussed in chapter 2) is the finding that thenpry fallback food of females was

nutritious in terms of absolute values but loweaatual yield per minute compared to
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the fallback foods preferred by males. This retativas reflected in the fact that feeding
time and energy intake was not positively correlatefemales as it was in males.
However, as cautioned in chapter 2, the measurensed in these intake calculations
are general estimates and far more detailed dataesling rates and both temporal and
spatial nutritional variation is needed in ordewéoify that such subtle differences are
not an artifact of sampling. In a similar studyoodngutans, who also follow a fission-
fusion pattern, Knott (1998) found that while madesl females did not differ in time
spent feeding, males consumed more calories dgeetter inclusion of a lipid rich seed
in the diet. If the major difference between malad females was the fact that males fed
on items of higher yield, therefore maximizing thfeleding efficiency, then this begs the
guestion - why did females not adopt a similartetyg? As discussed in chapter 2, this
may be a limitation of fully understanding the itidnal value of an item to an
individual, incorporating both intake rate and digen. Females fed more on figs which
are an important source of metabolizable energyedisas calcium (Conklin and
Wrangham 1994, O’'Brien et al. 1998). However, tasyalso high in water content and
this may complicate actual intake yield. Alternatiy this distinction may be influenced
by general behavior. It is important to note tiat herb leaf favored by males occurs in
large open fields, often growing on the site ofergty abandoned logging camps and
near paths in the forest (pers. obs.). While tieeligtle to no threat of natural predation,
these areas are often exposed and frequented bgnisuand may be perceived as
dangerous by mothers, particularly when alone @mall parties. This potential
vulnerability coupled with the arboreal nature efniales may explain why they did not

spend as much time feeding on this herb as mate<ziven that logging recently ceased
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in Kibale National Park, new and large patches ltarekly grown up throughout the
community range. The importance of this fallbackdon the diet may therefore be a
relatively recent and perhaps temporary developnemty term analysis of changes in
the composition of the diet of the community wéleal the significance.

While males and females had a similar overall @&gthudget and intake, males
were found to be more efficient foragers in terrheeai energy intake. Apart from the
difference in food selection discussed above,dbigradictory result most likely reflects
the additional energetic costs that reproductiopases on females. Based on difference
in body mass alone, chimpanzee males would be segbéx incur costs nearly 27%
higher than those of females. However, when thesafseproduction are factored in,
energetic expenditure for females is increasedvenage 38% over their reproductive
cycle (25% during gestation, 50% during lactati@ihce males and females in this study
were found to spend the same time feeding andllimyecovered the same daily
distance, and consumed a similar amount of calowesall, this implies that the key
determinant of relative efficiency was the addest o reproduction factored into the
energetic expenditure calculations. Although notuded in the results presented in this
dissertation, an additional analysis revealedektitnates of daily energetic expenditure
were in fact about 15% higher for females than si@@kempner unpublished data).

The fact that females were found to be less efitcseiggests that females did not
necessarily compensate for added reproductive vogtgreater intake, as might be
expected. While sample size was too small for agaate test, a preliminary comparison
of intraindividual variation among the femalesststudy did not reveal any significant

differences in diet, intake or foraging behavioc@ding to reproductive phase
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(Pokempner unpublished data). Such a lack of a pkg#erns was also found in an
analysis of the long-term feeding behavior of fegsadt Gombe (Pandolfi 2005). One
notable exception in the current study, howeves thia one focal female who conceived
during the study period. Consistent with Knott'sdtgical energetics” hypothesis,
which suggests that chimpanzee ovarian functioniiigated by energetic balance and
intake (Knott 2001, Sherry 2003, Emery Thompson520this female exhibited a
particularly low amount of variation in energy bata over the course of the study and
showed a dramatic peak in energy intake duringpéred of conception which
coincided with fruit abundance (Pokempner, unptielisdata). While only anecdotal,
this evidence supports previous research, basédtbrbehavioral and hormonal
observations, that females respond to acute changesource quality and are more
likely to conceive during periods of high availatyil particularly in habitats with
unpredictable patterns of resource availabilityn(&zhaik and van Noordwijk, 1985,
Koenig et al. 1997, Emery Thompson 2005). This liypsis also predicts that seasonal
adaptation and choice of fallback foods are pddityimportant to reproductive females
(Knott 2005). While more precise data is needeglvduate the importance of specific
food items during reproduction in the study pogolatit is nonetheless notable that the
key difference between males and females in thidystvas the choice of fallback foods.
In addition, females were found to consume morerezd per unit body weight which
may be a more biologically appropriate measurdiveldao males. Knott (2001)
suggested that less extreme seasonality and thlakahty of higher quality fallback
foods would result in less variation in chimpaneeergy balance as compared to

orangutans who experienced more extreme mastrigusiasons. In a population of
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Sumatran orangutans characterized by a more chiepdike pattern of fruit
availability, fluctuating between preferred andffigit, Wich et al. (2006) found that
individuals did not experience a negative enerdgriz® as measured by trace ketones in
the urine. Although ketones have not been sucdbsséeorded in wild chimpanzees
(Emery Thompson, pers. com.), measuring levelsrmétbolite of insulin (C-peptide)
may provide a comparable method to more accurgtlge energetic status and may
better evaluate whether a female reliance on mgreuit during the scarce season had
an energetic impact (Sherry and Ellison 2007).

In summary, Wrangham (1986, p. 365) effectivelyestdahe classic view of
chimpanzee socioecology as follows (italics addged bPokempner):

“If the competition hypothesis is correparty foraging reduces feeding

efficiency significantly. This means that the best strategy for femalbese

reproduction is presumed to be limited by food intake, is tospend most of their

time alone. On the other hangarty foraging allows sufficient feeding time that

males, whoseeproductive interests depend critically on male bonds, are able to

spend much of their timein parties.”
While this pattern has been supported in a numbstudies of chimpanzees, some of its
components (in italics) have only recently beetetgat a more detailed level involving
energetics, intake and reproductive success. Retugties of long term data have now
provided evidence that intake and male bonds aeeith closely linked to female and
male reproductive success respectively (Watts amanV2001, Emery Thompson 2005,
Duffy et al. 2007). In this study | showed thattgdoraging reduced feeding efficiency,

but only for females, and only on the occasionswthey were in particularly large
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parties (larger than their mean party size). Howeeenales in this study did not spend
most of their time alone. Although males did natr@ase feeding time in response to
resource fluctuation, they were able to spend naficheir time social and in larger

parties and were still able to obtain a high qualiet.

An Ecological Battle of the Sexes?

According to reproductive theory, females are eiguEto maximize their energy
intake in order to sustain the high costs of repotion whereas males are more likely to
invest energy in the pursuit and defense of aviglatates (Schoener 1971). This
inherent reproductive conflict is therefore expddietranslate into differences in
foraging. However, among primates, there is lgtlégdence of a consistent pattern of sex
differences. This lack of consistency is in part ¢oi the fact that factors typically
influencing these differences, such as mating ayssexual dimorphism, dominance
regime, and diet vary greatly among primate spebiest studies which address sex
differences reveal that overall, females often dpaore time feeding than males
(capuchins: Fragaszy 1986, 1990, van Schaik andNeandwijk 1989; red colobus:
Marsh 1981; mangabeys: Waser 1977; orangutansnMif89). Females may also
increase the rate at which they feed, relative ates) as has been observed in the titi
monkey (Kinzey 1977) as well as the monomorphimaiag (Chivers 1977). Often these
differences are largely confined to specific phagegproduction, with females
increasing time spent feeding (mountain gorillasitis/1998; baboons: Altmann 1980,
Silk 1986, Stacey 1986, Muruthi et al. 1991, Durdrad Dunbar 1988; howler monkeys:

Smith 1977; sifaka: Saito 1998; ring tailed lem@®@auther 1994), increasing the amount
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of protein in their diet (Quenons: Gautier-Hion 098ords 1986; capuchins: Robinson,
1981, Fragaszy 1986; red colobus: Clutton-Brock718quirrel monkeys: Boinski 1988;
muriqui: Strier 1991) or decreasing travel (babodisnann 1980) primarily during the
particularly demanding phases of pregnancy andtiact In other cases, it is males that
may spend more time feeding than females, asd®s dbserved in green monkeys
(Harrison 1983) and the highly dimorphic mountaamip (Watts 1998). However few
of these studies consider seasonal variation ativelenergetics and nutrition (but see
Knott 1998, Nakagawa 2000). As this dissertatitusitates, what appears as overall
similarities in behavior may mask divergent seabadaptations as well as differential

nutritional intake.

At the other extreme, more work has focused ordd#érences in sexually
segregated species, particularly large bodied herés (Du Toit 2005). These species
are typically characterized by high levels of séxliamorphism and clear seasonal
breeding periods during which the sexes converges{dud 2000). Sexual segregation
is often discussed in terms of either social ortadegregation, although the two are
interrelated (Conradt 2005). A variety of hypottebkave been put forward to explain
this phenomenon in ungulates and range from thaein€e of activity budgets to sex
differences in predation risk (see Ruckstuhl andhé&is 2000 for review). However,
while few of these are directly applicable to priesadue to different social and
ecological constraints, the “social preferencesoliypsis” may be particularly relevant to
the study of sex differences in chimpanzees aneragbecies with male philopatry
(Watts 2005). According to this hypothesis, matasifsocial bonds and preferentially

associate from a young age, in part as a way teldpymproved mate competition
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skills, thus resulting in a social segregationhaf $exes that could also lead to habitat
segregation and differences in activity synchrddgr(and Campan 1996, Ruckstuhl and
Neuhaus 2000). Boesch and Boesch (1984) and Paatlalf (2003) found that this
hypothesis best explained the commonly cited si#grdnce in meat eating and termite
fishing in chimpanzees. Pandolfi (2005) extendes! higpothesis to sex differences in
general feeding behavior at Gombe, and cited ttithat males overlapped more in diet,
had a narrower diet than females, and spent moeefeeding in larger fruit patches as
evidence to support this logic. While | found néfefience in the size of fruit patches
used by males and females, males did spend moedéeaing on TPL, which often
occurs in super-abundant, non contestable patplees. Obs.). As discussed in chapter 3,
there was no relation between time spent feedingRIinand party size in males nor was
there a significant relation between time spentsd@nd TPL feeding (Pokempner
unpublished data). However, when considered iriogldo females, who consistently
travelled in smaller parties and fed less on TRIs might indicate that this dietary
choice sustained larger parties as related to fesr(@ut see above for discussion of

influence of arboreality and nutrition as well).

Future Directions

While this research expanded the study of sexréifiees, its limitations also
exposed areas for future study. In particular, niata is needed on the influence of both
intra-sex and intra-individual variation in feediagd intake. As previously discussed, it
is likely that peripheral and central females diffetheir foraging strategy since they are

known to vary in reproductive fitness (Pusey etl@B7, Williams et al. 2002b, Emery
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Thompson et al 2007). In general, recent researgbests that inter-female relations
may be more complex than previously thought antidbeinance and coalitions may
play a greater role in their foraging behavior (iand Boesch 2003, Wakefield 2008).
Similarly, since male hierarchies are clear andilaaty reinforced through aggression,
males may be expected to differ in relative intakeording to dominance rank, but there
is little evidence to support this hypothesis agaif(but see Watts and Mitani 2002 for
relation between male relations and meat sharing).

In addition, it is unrealistic to expect that sesed strategies act independent of
each other. It is therefore necessary to consiagempact of males on females and vice
versa. For instance, this study did not factohm effect of estrous females on the
foraging behavior of either sex. The presence wbas females typically results in the
formation of larger parties for both males and &oes females (Mitani et al. 2002) and
will therefore introduce a confounding influencealrservable sex differences. In theory,
it is expected that male mate competition will ésteaduring periods of female
receptivity and that this might result in males aléwg more energy to competition and
mate guarding at the cost of foraging as has bbsereed in other primates (Packer,
1977, Alberts et al., 1996, Nakagawa, 2000). Altffoanecdotal, it is of note that the
focal male in this study who was observed to chaglethe alpha male also experienced
the lowest energy balance (low intake relativexpeaditure) on a day in which he and
the alpha were competing over an estrous femateré-vesearch will address this
guestion by comparing the energetic investmentatus and mating competition by
males of different rank at Kanyawara (Georgievspmmm). Similarly, as suggested in

chapter 2, males may exert an indirect influencéomale foraging behavior and this is
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currently the topic of research in the Budongo camity (Machanda, pers. comm.).
While there is little evidence of males outcompgtiemales for food resources through
direct aggression, it is possible that females/altiavoid males. Such a strategy seems
to be common in other fission-fusion species (dyibear: Wieglus and Bunnell, 1994,
dolphins: Martin and da Silva 2004). However ttspect is particularly difficult to
measure and will require a more sophisticated stiegygn.

Overall, the results of this study suggest thatdlernange use may be more
related to foraging efficiency than males and ihiskely to reflect difference in
knowledge of their home range. However much magetad studies are needed to test
the relative spatial abilities of males and femafgsulin and Fitzgerald (1986, 1989)
hypothesized that sexual selection in polygymousimals results in sex differences in
spatial abilities such as navigation. Males, drilsagrmate competition, are expected to
benefit from navigational skills in long range teivand in cases of species utilizing
weapons (e.g. humans, chimpanzees), the abilitgeqrojectiles. Females are
hypothesized to employ a low risk strategy focusingesource acquisition and are
therefore expected to benefit from memory skilla and Fitzgerald 1986, 1989,
Ecuyer-Dab and Robert 2004a) These factors atgmneixpected to be related to sex
differences in range size (Jones et al. 2003, EeDgb and Robert 2004b). A number of
studies ranging from rodents to humans supporidieis, indicating that males excel in
tasks related to spatial navigation and projeatimipulation whereas females have a
superior spatial memory and rely more on landm@tidiams and Meck 1991,
Silverman and Eals 1992, Sandstrom et al. 199&I®&aand Jacobs 2007). Such a

distinction in humans may be further related todbeelopment of the division of labor
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in hunter gatherer societies (McBurney et al. 199f)s observation is particularly
relevant as chimpanzees are also observed to enghgéh hunting and the use of
weapons (Goodall 1986, Wrangham and Peterson P386tz and Bertolani 2007).
While captive studies have tested the cognitivéteds of chimpanzees, few have done
so in the wild, particularly in reference to seKatences (Menzel 1974, Boesch and
Boesch Achermann 2000). Future research using sopieisticated tests of cognitive
foraging ability (c.f. Janmaat et al. 2006, DiFiared Suarez 2007, Janson and Byrne
2007) in wild male and female chimpanzees are retlbetter understand the role of

sex differences in the evolution of more advanaaghtive foraging skills.

In conclusion, this study provides evidence topgsuplong-held hypotheses
regarding the nature of sex differences in fisdigion species. Specifically, females are
more susceptible to resource competition in lapgeties than males and use their range
more in response to resource use. Despite theeeati€es, males and females exhibited
similar overall foraging effort and nutritional ake. This similarity masked important
differences including a distinction in the reliararefallback foods as well as seasonal

changes in activity budgets and party size.

149



References

Alberts SC, Altmann J and Wilson ML (1996) Mate giiag constrains foraging
activity of male baboons. Anim. Behad/l: 1269-1277.

Altmann J (1980) Baboon Mothers and Infants. Hahdniversity
Press, Cambridge.

Barkley CL and Jacobs LF (2007) Sex and speciésrdifces in spatial memory in food
storing kangaroo rats. Anim. Behai8:321-329.

Boesch C (1991) The effects of leopard predatiogronping patterns in forest
chimpanzees. Behaviour. 117: 220-242.

Boesch C and Boesch H (1984) Possible causes afiffesences in the use of natural
hammers by wild chimpanzees. J. Hum. Evol. 13: 446-

Boesch C and Boesch Achermann H (2000) The Chingesnaf the Tai ForesDxford
University Press, Oxford.

Boinski S (1988) Sex differences in the foragingdgor of squirrel monkeys in a
seasonal habitat. Behav. Ecol. Sociobiol. 23: 18G-1

Bon R and Campan R (1996) Unexplained segregatipolygamous ungulates: a
defense of an ontogenetic approach. BehaviouraeBses. 131-154.

Chapman CA and Wrangham RW (1993) Range use dbthst chimpanzees of
Kibale: implications for the understanding of changee social organization.
Am. J. Primatol. 31: 263-273.

Chapman CA, Wrangham RW, and Chapman LJ (1995pgmall constraints on
group size: an analysis of spider monkey and chiveg@a subgroups. Behav.
Ecol. Sociobiol. 36: 59-70.

Chapman CA, Wrangham RW, Chapman LJ, Kennard DKZamhe AE (1999) Fruit
and flower phenology at two sites in Kibale NatibiRark, Uganda. J. Trop. Ecol.
15: 189-211.

Chapman CA and Chapman LJ (2000) Determinantsaafigsize in primates: the
importance of travel costs. In: S Boinski and Pii@afeds) On the Move.
University of Chicago Press: Chicago, pp. 24-42.

Chapman CA, Chapman LJ, Zanne AE, Poulsen JR, nll CJ (2005) A 12-year
phenological record of fruiting: implications faufivore populations and
indicators of climate change. In: Dew JL and BouBli(eds). Tropical Fruits and
Frugivores: The Search for Strong Interactors.r&eni, Dordrecht, pp. 75-92.

150



Chivers DJ (1977) The feeding behavior of the siagn@ymphalangus syndactylus). In:
Clutton-Brock TH (ed) Primate Ecology: Studies eEHing and Ranging
Behavior of Lemurs, Monkeys and Apes, Academic frdew York, pp. 355-
382.

Clutton-Brock TH (1977) Some aspects of intraspeeidriation in feeding and ranging
behaviour in primates. In: Clutton-Brock, TH (ed)nfate Ecology: Studies of
Feeding and Ranging Behaviour in Lemurs, MonkeysAgpes. Academic Press,
New York, pp.539-556.

Conklin NL and Wrangham RW (1994) The value of figs hind-gut fermenting
frugivore: a nutritional analysis. Biochemical Sysftics and Ecology. 22:
137-151.

Conradt L (2005) Definitions, hypotheses, model$ measures in the study of animal
segregation. In: Ruckstuhl KE and Neuhaus P (ees)& Segregation in
Vertebrates: Ecology of the Two Sexes. Cambridgeéssity Press, Cambridge,
pp. 11-34.

Cords M (1986) Interspecific and intraspecific @aéion in diet of two forest
guenonsCer copithecus ascanius andCercopithecus mitus. J. Anim.
Ecol. 55:811-827.

DiFiore A and Suarez SA (2007) Route-based trandlshared routes in sympatric
spider and woolly monkeys: cognitive and evolutigrienplications. Anim. Cog.
10: 317-329.

Du Toit JT (2005) Sex differences in the foragieglegy of large mammalian
herbivores. In: Ruckstuhl KE and Neuhaus P (edsy&eSegregation in
Vertebrates: Ecology of the Two Sexes. Cambridgeétsity Press, Cambridge,
pp. 35-52.

Duffy KG, Wrangham RW and Silk JB (2007) Male chemngees exchange political
support for mating opportunities. Curr. Biol. 1 B65587.

Dunbar RIM (1988) Primate Social Systems. Cornelivarsity Press, New York.

Ecuyer-Dab | and Robert M (2004a) Have sex diffeesnn spatial ability evolved from
male competition for mating and female concerrsfowival? Cognition91: 221-
257.

Ecuyer-Dab | and Robert M (2004b) Spatial abilig daome-range size: Examining the

relationship in western men and wometoifo sapiens). J. Comp. Psychol. 118:
217-231.

151



Emery Thompson M (2005) Endocrinology and EcolobWild Female Chimpanzee
Reproduction. PhD dissertation, Harvard University

Emery Thompson M, Kahlenberg S, Gilby IC, Wrangharf2007) Core area quality is
associated with variance in reproductive successmgrfemale chimpanzees at
Kibale National Park. Anim. Behav 73:501-512.

Fragaszy DM (1986) Time budgets and foraging beiramiwedge-capped capuchins
(Cebus olivaceus): Age and sex differences. In: Taub, DM and KiR4, (eds)
Current Perspectives In Primate Social Dynanmi@n Nostrand Reinhold, New
York: Co, pp: 159-174.

Gaulin SJC and Fitzgerald RW (1986) Sex differencespatial ability: an evolutionary
hypothesis and test. Am. N&27: 74-88.

Gaulin SJC and Fitzgerald RW (1989) Sexual seledbo spatial-learning ability. Anim.
Behav. 37: 322-331.

Gautier-Hion A (1980) Seasonal variations of deated to species and sex in a
community ofCercopithecus monkeys. J. Anim. Ecofl9: 237-269.

Gilby IC and Wrangham RW (2008) Association patteamong wild chimpanzeeBan
troglodytes schweinfurthii) reflect sex differences in cooperation. BehawlEc
Sociobiol. 62: 1831-1842.

Goodall J (1986) The Chimpanzees of Gombe. Bell@raps, Massachusetts.

Harrison GA (1983) Energy and Effort. Taylor an@reis, London.

Hasegawa T (1990) Sex Differences in Ranging Rettén: Nishida T (ed) The
Chimpanzees of the Mahale Mountains. Tokyo UniveRress, Tokyo, pp. 99-
114.

Hashimoto C, Suzuki S, Takenoshita Y, Yamagiwaaka®ose AK, Furuichi T (2003)
How fruit abundance affects the chimpanzee pads. € comparison between
four study sites. Primates 44: 77-81.

Janmaat KRL, Byrne RW, Zuberbuehler K (2006) Evagefor a spatial memory of
fruiting states of rainforest trees in wild manggheAnim. Behav72: 797-807.

Janson C and Goldsmith ML (1995) Predicting graap 81 primates: foraging costs and
predation risks. Behav. Ecol. 6:326-336.

Janson C and Byrne R (2007) What wild primates kabaut resources: opening up
the black box. Anim. Cog. 10: 357-367.

152



Jones CM, Braithwaite VA, and Healy SD (2003) Theletion of sex differences in
spatial ability. Behav. Neurosdl17: 403-411.

Kahlenberg SM, Emery Thompson M and Wrangham RV@g26emale competition
over core areas iRan troglodytes schweinfurthii, Kibale National Park, Uganda.
Int. J. Primatol. 29: 931-947.

Kinzey WG (1977) Diet and feeding behaviouiGafllicebus torquatus. In: Clutton
Brock, TH (ed) Primate Ecology: Studies Of Feedkmgl Ranging Behaviour In
Lemurs, Monkeys And Apes. Academic Press, New Yppk,127-151.

Knott CD (1998) Changes in orangutan caloric int&eergy balance, and ketones in
response to fluctuating fruit availability. Int.Brimatol.19: 1061-1079.

Knott CD (2001) Female reproductive ecology ofdpes: implications for human
evolution. In: Ellison PT (ed). Reproductive Ecojagnd Human Evolution.
Aldine de Gruyter, New York, pp. 429-463.

Knott CD (2005) Energetic responses to food avaitglin the great apes: implications
for hominin evolution. In: Brockman DK and van Sih@P (eds) Seasonality in
Primates: Studies of Living and Extinct Human armhNHuman Primates.
Cambridge University Press, Cambridge, pp. 351-378.

Koenig A, Borries C, Chalise MK and Winkler P (19%tology, nutrition, and timing of
reproductive events in an Asian primate, the Hanmutaagur Presbytis entellus).
J. Zool. 243: 215-235.

Kummer H (1971) Primate Societies: Group Technidgfdscological Adaptation.
Aldine-Atherton, Chicago.

Lehmann J and Boesch C (2005) Bisexually bondegimgrnn chimpanzeedén
troglodytes verus). Behav. Ecol. Sociobiob7: 525-535.

McBurney DH, Gaulin SJC, and Devineni T (1997) Sigrespatial memory of women:
Stronger evidence for the gathering hypothesisl.Fam. Behav18: 165-174.

Marsh CW (1981) Ranging behaviour and its relatadiet selection in Tana River red
colobus Colobus badius rufomitratus). J. Zool 195: 473-492.

Martin AR and da Silva VMF (2004) River dolphinsdaitooded forest: seasonal habitat
use and sexual segregation of botoga(geoffrensis) in an extreme cetacean
environment. J. Zool. Lond. 263: 295-305.

Menzel EW (1973) Chimpanzee and spatial memoryrozgdon. Science. 182: 943
945.

153



Mitani JC (1989) Orangutan activity budgets: Mogthériations and the effects of
body size, parturition, and sociality. Am. J. Prioial8: 87-100.

Mitani JC, Watts DP and Lwanga JS (2002) Ecologacal social correlates of
chimpanzee party size and composition In: Boesdddbmann G, and Marchant
LF (eds) Behavioural Diversity in Chimpanzees anadbos.
Cambridge University Press, Cambridge, pp.102-111.

Murray CM, Eberly LE and Pusey AE (2006) Foragitrgtegies as a function of
season and rank among wild female chimpanZemst(oglodytes). Behav. Ecol.
17: 1020-1028.

Murray CM, Gilby IC, Mane SV, Pusey AE (2008) Aduoiale chimpanzees inherit
maternal ranging patterns. Curr. Biol. 18:20-24.

Mysterud A (2000) The relationship between ecolalgsegregation and sexual body size
dimorphism in large herbivores. Oecologia. 124 540-

Nakagawa N (2000) Foraging energetics in patas eymrythrocebus patas) and
Tantalus monkey<Jer copithecus aethiops tantalus): implications for
reproductive seasonality. Am. J. Primatif2: 169-185.

Newton-Fisher NE, Reynolds V, and Plumptre AJ (308f@bd supply and chimpanzees
(Pan troglodytes schweinfurthii) party size in the Budongo Forest Reserve,
Uganda. Int. J. Primatol. 21: 613-628.

O’Brien TO, Kinnaird M, Dierenfeld E, Conklin-Brétn NL, Wrangham RW, and
Silver SC (1998) What's so special about figs? Na892: 668.

Otali E and Gilchrist JS (2006) Why chimpanzeean(troglodytes schweinfurthii)
mothers are less gregarious than nonmothers alesntlae infant safety
hypothesis. Behav. Ecol. Sociob&$: 561-570.

Packer C (1977) Reciprocal altruismRapio anubis. Nature 265: 441-443.

Pandolfi SS (2005) Ecological sex differences g @ombe chimpanzeeBan
troglodytes). PhD dissertation. Duke University.

Pandolfi SS, van Schaik CP and Pusey AE (2003)d8fetences in termite fishing
among Gombe chimpanzees. In: de Waal FBM and Tladteds) Animal Social
Complexity: Intelligence, Culture, and Individuad Societies. Harvard
University Press, Cambridge, pp. 414-418.

Pruetz JD and Bertolani P (2007) Savanna chimpanRag troglodytes verus, hunt with
tools. Curr. Biol. 17: 412-417.

154



Pusey A, Williams J, and Goodall J (1997) The ieflce of dominance rank on the
reproductive success of female chimpanzees. Sci@ii@e 828-831.

Robinson JG (1981) Spatial structure in foragingugs of wedge-capped capuchin
monkeysCebus nigrivittatus. Anim. Behav29: 1036-1056.

Ruckstuhl KE and Neuhaus P (2000) Sexual segregationgulates: a new approach.
Behaviour. 137: 361-377.

Saito C (1998) Cost of lactation in the Malagasynpte Propithecus verreauxi:
estimates of energy intake in the wild. Folia Ptiohe69: 414.

Sandstrom NJ, Kaufman J and Huettel SA (1998) Mahekfemales use different distal
cues in a virtual environment navigation task. &@in Research: 351-360.

Sauther ML (1994) Wild plant use by pregnant amdaléng ringtailed lemurs, with
implications for early hominid foraging. In: EtkiNL (ed) Eating on the Wild
Side.Univ. of Arizona Press, Tucson, pp: 240-256.

Schoener TW (1971) Theory of feeding strategiesi.ARev. Ecol. Sys®:369-404.

Sherry DS (2003) Reproductive Seasonality in Chimapas and Humans: Ultimate and
Proximate Factor$’hD dissertation, Harvard University.

Sherry DS and Ellison PT (2007) Potential applaratiof urinary C-peptide of insulin
for comparative energetics research. Am. J. Phgthr@pol. 133: 771-778.

Silk JB (1986) Eating for two: behavioral and eowimental correlates of
gestation length among free-ranging babg®apio cynocephalus).
Int. J. Primatal 7: 583-602.

Silverman | and Eals M (1992) Sex differences iatsph abilities: evolutionary theory
and data. In: Barkow JH, Cosmides L and Tooby 3)(&de Adapted Mind:
Evolutionary Psychology and the Generation of Gelt®xford University Press,
Oxford, pp. 533-549.

Stacey PB (1986) Group size and foraging efficiencyellow baboons. Behav Ecol.
Sociobiol, 18: 175-187.

Strier KB (1991) Diet in one group of woolly spidaonkeys, omuriquis (Brachyteles
arachnoides). Am. J. Primatal23: 113-126.

Symington MM (1987) Ecological and social corretapé party size in the black spider
monkey,Atel es paniscus chamek. PhD dissertation, Princeton University.

155



van Schaik CP (1983) Why are diurnal primates gvimgroups? Behaviour. 87:120
144.

van Schaik CP and van Noordwijk MA (1985) Interaalneariability in fruit abundance
and the reproductive seasonality in Sumatran lailget macaquesVacaca
fascicularis). J. Zool. 4: 533-549.

van Schaik CP and van Noordwijk MA (1988) Scrandid contest competition among
female long-tailed macaquédddcaca fascicularis). Behaviour 105: 77-98.

Wakefield ML (2008) Grouping patterns and competitamong femal@an troglodytes
schweinfurthii at Ngogo, Kibale National Park, Uganda. Source.JnPrimatol.
29: 907-929.

Waser P (1977) Feeding, Ranging and Group Sizeeiviangabey
Cercocebus albigena In: Clutton-Brock, TH (ed) Primate Ecology: Stuslief
Feeding and Ranging Behaviour in Lemurs, MonkeysAgpes. Academic Press,
New York.

Watts DP (1998) Environmental influences on moumggirilla time budgets.
Am. J. Primatal15: 195-211.

Watts DP (2005) Sexual segregation in non-humangigs. In: Ruckstuhl KE and
Neuhaus P (eds) Sexual Segregation in Vertebifatedogy of the Two Sexes.
Cambridge University Press, Cambridge, pp. 327-347.

Watts DP and Mitani JC (2001) Boundary patrols iaergroup encounters in wild
chimpanzees. Behaviour.138: 299-327.

Watts DP and Mitani JC (2002a) Hunting behavioclifnpanzees at Ngogo, Kibale
National Park, Uganda. Int. J. Primatol. 23: 1-28.

Watts DP and Mitani JC (2002b) Hunting and meatisgay chimpanzees at Ngogo,
Kibale National Park, Uganda. In: Boesch C, Hohm@nMarchant LF M (eds)
Behavioral Diversity in Chimpanzees and Bonobosn&lge University Press,
New York, pp. 244-258.

Wich SA, Utami-Atmoko SS, Setia TM, Djoyosudharmar&l Geurts ML (2006)
Dietary and energetic responsed?ohgo abelii to fruit availability fluctuations.
Int. J. Primatol. 27: 1535-1550.

Wieglus RB and Bunnell (1994) Sexual segregatiahfamale grizzly bear avoidance of
males. J. Wildlife Management. 58: 405-413.

156



Williams JM, Liu H and Pusey A (2002a) Costs anddfiés of grouping for female
chimpanzees at Gombe. In: Boesch C, Hohmann G,hdatd_F M (eds)
Behavioral Diversity in Chimpanzees and Bonobosn&ge University Press,
New York, pp 192-203.

Williams JM, Pusey AE, Carlis JV, Farm BP, Goodalk002b) Female competition and
male territorial behavior influence female chimpee& ranging patterns.
Anim.Behav. 63:347-360.

Williams JM, Oehlert GW, Carlis JV and Pusey AEG2PWhy do male chimpanzees
defend a group range? Anim. Beh&8: 523-532.

Williams CL and Meck WH (1991) The organizationtieets of gonadal steroids on
sexually dimorphic spatial ability. Psychoneuroermrdmwlogy. 16: 155-176.

Wittig RM and Boesch C (2003) Food competition &indar dominance hierarchy
among female chimpanzees of the Tai National Ratk]J. Primatol. 24: 847
867.

Wrangham RW (1979) Sex differences in chimpanzsgedsion. In: Hamburg DA and
McCown ER (eds) The Great Apes. Benjamin/Cummingdighing co.,
California, pp. 481-489

Wrangham RW (1980) An ecological model of femaladexd primate groups. Behaviour.
75: 262-300.

Wrangham RW (1986) Ecology and social relationsimpsvo species of chimpanzee.
In: Rubenstein DI and Wrangham RW (eds) Princetoivéfsity Press,
Princeton, pp. 352-378.

Wrangham RW (2000) Why are male chimpanzees megagious than mothers: A
scramble competition hypothesis. In: Kappeler PW) @imate Males: Causes
and Consequences of Variation in Group CompositGambridge University
Press, Cambridge, pp. 248-258.

Wrangham RW and Smuts BB (1980) Sex differencélarbehavioral ecology of
chimpanzees in the Gombe National Park, TanzanRegrod. Fert., Supp28:
13-31.

Wrangham RW, Clarck AP, and Isabirye-Basuta G () $@2nale social
relationships and social organization of Kibalee&irchimpanzees. In: Nishida T,
McGrew WC, Marter P, Pickford M, and de Waal FBM<ggTopics in
Primatology Vol. 1 Human Origins. University of Tyak Press, Tokyo, pp. 81-98.

Wrangham RW and Peterson D (1996) Demonic MalessAmd the Origins of Human
Violence. Houghton Mifflin, Boston.

157



Dissertation Bibliography

Aiello LC and Key C (2002) Energetic consequenddsetg aHomo erectus female.
Am. J. Hum. Biol, 14: 551-565.

Alberts SC, Altmann J and Wilson ML (1996) Mate giiag constrains foraging
activity of male baboons. Anim. Behad/l: 1269-1277.

Altmann SA (1974) Baboons, space, time, and enégy.Zool 14: 221-248.

Altmann J (1974) Observational study of behaviampling methods. Behaviour 49:
227-267.

Altmann J (1980) Baboon Mothers and Infants. Hah@dniversity Press, Cambridge.
Altmann J (1990) Primate males go where the fenaiesAnim. Behav. 39: 193-195.

Altmann J and Alberts SC (2005) Growth rates inild wrimate population: ecological
influences and maternal effects. Behav. Ecol. Snci057:490-501.

Anderson D, Nordheim E, Boesch C, Moermond T (20esjtors influencing fission
fusion grouping in chimpanzees in the Tai Natidpatk, Cote d'Ivoire. In:
Boesch C, Hohmann G, Marchant LF (eds) Behaviddrarsity in
Chimpanzees and Bonobos. Cambridge University P@ssbridge, pp 90-101.

Arcadi AC and Wrangham RW (1999) Infanticide inmpanzee: Review of cases and a
new within-group observation from the Kanyawaralgtgroup in Kibale
National Park. Primates 40: 337-351.

Baayen RH, Tweedie FJ, Schreuder R (2002) The stusigea simple random effect
fallacy: Subject variability and morphological fdyneffects in the mental
lexicon. Brain and Language 81:55-65.

Barkley CL and Jacobs LF (2007) Sex and speciésrdifces in spatial memory in food
storing kangaroo rats. Anim. Behai8: 321-329.

Barton RA and Whitten A (1994) Reducing complexslie simple rules: food
selection in olive baboons. Behav. Ecol. Sociol#6t. 283-293.

158



Basabose AK (2005) Ranging patterns of chimpanregsnontane forest of Kahuzi,
Democratic Republic of Congo. Int. J. Primatol. 28:54.

Beck CA, Bowen WD and Iverson SJ (2003) Sex difiees in the seasonal patterns of
energy storage in a phocid sehlAnim. Ecol. 72: 280-291.

Bercovitch FB (1987) Female weight and reproductivedition in a population of
olive baboonsHapio annubis). Am. J. Primatol. 12:189-195.

Boesch C (1991) The effects of leopard predatiogronping patterns in forest
chimpanzees. Behaviour. 117: 220-242.

Boesch C (1994) Cooperative hunting in chimpanz&esn. Behav, 48: 653-667.

Boesch C (1996) Social grouping in Tai chimpanzéedMcGrew WC, Marchant LF,
Nishida T (eds) Great Ape Societies. Cambridge ehsity Press, Cambridge, pp
101-113.

Boesch C and Boesch H (1981) Sex differences imgkeof natural hammers by
wild chimpanzees: a preliminary report. J. Hum. [E®0: 585-593.

Boesch C and Boesch H (1984) Possible causes dfiffesences in the use of
natural hammers by wild chimpanzees. J. Hum. EM21415-440.

Boesch C and Boesch Achermann H (2000) The Chingesnaf the Tai ForegDxford
University Press, Oxford.

Boesch C, Kohou G, Nene L, and Vigilant L (2006 pl&competition and paternity in
wild chimpanzees of the Tai Forest. Am. J. Physhfopol 130: 103-115.

Boinski S (1988) Sex differences in the foragingdgor of squirrel monkeys in a
seasonal habitat. Behav. Ecol. Sociobiol. 23:17G-18

Bon R and Campan R (1996) Unexplained segregatipolygamous ungulates: a
defense of an ontogenetic approach. BehaviouraleBses. 131-154.

Bozinovic F and Torres-Contreras H (1998) Doesstiga rate affect diet selection? A
study ofOctodon degus, a generalist herbivorous rodent. Acta Theriolagic
43: 205-212.

Buzzard PJ (2006) Ranging patterns in relatioreassnality and frugivory among
Ceropithecus campbelli, C. petaurista, andC. diana in the Tai Forest. Int. J.
Primatol. 27: 559-573.

Chapman C (1990) Ecological constraints on grom@ i three species of neotropical
primates. Folia Primatol. 55: 1-9.

159



Chapman CA and Wrangham RW (1993) Range use dbthst chimpanzees of
Kibale: implications for the understanding of changee social organization.
Am. J. Primatol. 31: 263-273.

Chapman CA and Chapman LJ (2000) Determinantsaafigsize in primates: the
importance of travel costs. In: S Boinski and Pi@afeds) On the Move.
University of Chicago Press, Chicago, pp. 24-42.

Chapman CA, Wrangham RW, and Chapman LJ (1995pBmall constraints on
group size: an analysis of spider monkey and chim@a subgroups. Behav.
Ecol. Sociobiol. 36: 59-70.

Chapman CA, Wrangham RW, Chapman LJ, Kennard DH ,Zamne AE (1999)
Fruit and flower phenology at two sites in Kibalatnal Park, Uganda. J.
Tropical Ecol. 15: 189-211.

Chapman CA, Chapman LJ, Zanne AE, Poulsen JR, nll CJ (2005) A 12-year
phenological record of fruiting: implications fisugivore populations and
indicators of climate change. In: Dew JL and BouBl (eds) Tropical Fruits
and Frugivores: The Search for Strong Interac®psinge, Dordrecht, pp. 75-92.

Chivers DJ (1977) The feeding behavior of the siagn@ymphal angus syndactylus). In:
Clutton-Brock TH (ed) Primate Ecology: Studies eEHing and Ranging
Behavior of Lemurs, Monkeys and Apes, Academic £rdew York, pp. 355-
382.

Clark AP and Wrangham RW (1994) Chimpanzee arpealt-hoots: do they signify
food or status? Int. J. Primatol. 15: 185-205.

Clutton-Brock TH (1977) Some aspects of intraspeeidriation in feeding and
ranging behaviour in primates. In: Clutton-Brock {édl) Primate Ecology:
Studies of Feeding and Ranging Behaviour in Lens)keys and Apes.
Academic Press, New York, pp. 539-556.

Clutton-Brock TH (1989) Mammalian mating system®mdR. Soc. Lond. B236 :339
372.

Clutton Brock TH and Harvey PH (1977) Primate eggland social-organization. J.
Zool. 183:1-39.

Clutton-Brock TH and Harvey PH (1978). Mammalsprgses, and reproductive
strategies. Nature. 273: 191-195.

Clutton-Brock TH, lason GR, and Albon SD (1982)de€ffs of lactation on feeding
behavior and habitat use in wild red deer hindgodl. 198: 227-236.

160



Coelho AM Jr. (1974) Socio-bioenergetics and segimbrphism in primates.
Primates. 15: 263-269.

Conklin NL and Wrangham RW (1994) The value of figs hind-gut fermenting
frugivore: a nutritional analysis. Biochemical Sysftics and Ecology. 22:
137-151.

Conklin-Brittain NL, Wrangham RW, and Hunt KD (1998ietary response of
chimpanzees and cercopithecines to seasonal wariatiruit abundance. Il.
Macronutrients. Int. J. Primatd9: 971-997.

Conklin-Britain NL, Knott CD and Wrangham RW (200B)ergy intake by wild
chimpanzees and orangutans: methodological caagidles and a preliminary
comparison. In: Hohmann G, Robbins MM, and Bo&S¢kds) Feeding
Ecology in Apes and Other Primates: Ecologicaldttal and Behavioral
Aspects. Cambridge University Press, Cambridge4#p-471.

Conradt L (2005) Definitions, hypotheses, models measures in the study of animal
segregation. In: Ruckstuhl KE and Neuhaus P (eels)& Segregation in
Vertebrates: Ecology of the Two Sexes. Cambridgeétsity Press, Cambridge,
pp. 11-34.

Conradt L and Roper TJ (2000) Activity synchrong @ocial cohesion: a fission-fusion
model. Proc. R. Soc. Lond. 267: 2213-2218.

Constable JL, Ashley MV, Goodall J and Pusey ABD@Moninvasive paternity
assignment in Gombe chimpanzees. Molecular.E@olL279-1300.

Cords M (1986) Interspecific and intraspecific @aéion in diet of two forest
guenonsCer copithecus ascanius andCercopithecus mitus. J. Anim.
Ecol. 55:811-827.

Courtney SP and Sallabanks R (1992) It takes gutamdle fruits. Oikos. 65:163
166.

DiFiore A and Suarez SA (2007) Route-based travélshared routes in sympatric
spider and woolly monkeys: cognitive and evolutignanplications. Anim. Cog.
10: 317-329.

Dominy NJ, Lucas PW and Noor NS (2006) Primate @gnsystems and foraging
behavior. In: Hohmann, G, Robbins, MM, and Boeslieds) Feeding
Ecology in Apes and Other Primates: Ecologicaldttal and Behavioral
Aspects. Cambridge University Press, New York,489-5009.

Doran D (1993) Comparative locomotor behavior afrgfanzees and bonobos: The
influence of morphology on locomotion. Am. J. Ph&athropol. 91: 83-98.

161



Doran D (1997) Influence of seasonality on actiygtterns, feeding behavior, ranging,
and grouping patterns in Tai chimpanzees. Intrichd®ol. 18:183-206

Doran DM and Hunt KD (1994) Comparative locomotehdavior of chimpanzees and
bonobos: Species and habitat differences. In: WramgRW, McGrew WC and
de Waal FBM (eds) Chimpanzee Cultures. Harvard &lsity Press, Cambridge,
pp. 93-108.

Duffy KG, Wrangham RW and Silk JB (2007) Male chamgees exchange political
support for mating opportunities. Curr. Biol. 1 B65587.

Dufour DL and Sauther ML (2002) Comparative andlevonary dimensions of
the energetics of human pregnancy and lactation. Atdum. Biol. 14: 584-602.

Dunbar RIM (1988) Primate Social Systems. Cornelivarsity Press, New York.

Durbin J and Watson GS (1971) Testing for seriatatation in least squares
regression.3. Biometrika 58:1-19.

Du Toit JT (2005) Sex differences in the foragieglegy of large mammalian
herbivores. In: Ruckstuhl KE and Neuhaus P (edsy&eSegregation in
Vertebrates: Ecology of the Two Sexes. Cambridgeétsity Press, Cambridge,
pp. 35-52.

Ecuyer-Dab | and Robert M (2004a) Have sex diffeesnin spatial ability evolved from
male competition for mating and female concerrstawvival? Cognition91: 221-
257.

Ecuyer-Dab | and Robert M (2004b) Spatial abilitgldnome-range size: Examining the
relationship in western men and wometoifo sapiens). J. Comp. Psychol. 118:
217-231.

Emery Thompson M (2005) Endocrinology and EcologWidd Female Chimpanzee
Reproduction. Ph.D. dissertation, Harvard Uniugrsi

Emery Thompson M, Kahlenberg SM, Gilby IC and Witzeng RW (2007) Core area
quality is associated with variance in reproduesuccess among female
chimpanzees at Kibale National Park. Anim. Belldv501-512.

Emery Thompson M and Wrangham RW (2006) Comparndaex differences in
gregariousness in fission-fusion species: redulsiag by standardizing for party
size. In: Newton-Fisher NE Notman H Paterson JDriRls V (eds) Primates of
Western Uganda. Springer, New York, pp. 209-226.

162



Emery Thompson M and Wrangham RW (2008) Diet apdogtuctive function in East
African chimpanzeedPan troglodytes schweinfurthii) at Kibale National Park,
Uganda. Am. J. Phys Anthropol. 135: 171-181.

Emlen ST and Oring LW (1977) Ecology, sexual séectand the evolution of mating
systemsScience 197:215-223.

Fawcett KA (2000) Female relationships and foodlakidity in a forest community of
chimpanzees. PhD dissertation. University of Edighu

Fisher DO and Lara MC (1999) Effects of body simd home range on access to mates
and paternity in male bridled nailtail wallabiesiif. Behav58: 121-130

Fox EA, van Schaik CP, Sitompul A, and Wright DN@2) Intra- and interpopulational
differences in orangutafP¢ngo pygmaeus) activity and diet: Implications for the
invention of tool use. Am. J. Phys. Anthropol. 1262-174.

Fragaszy DM (1986) Time budgets and foraging beframiwedge-capped capuchins
(Cebus alivaceus): Age and sex differences. In: Taub DM and King (€ds)
Current Perspectives In Primate Social Dynamies Nostrand Reinhold, New
York, pp. 159-174.

Furuichi T, Hashimoto C and Tashiro Y (2001) Favgilability and habitat use by
chimpanzees in the Kalinzu Forest, idiga Examination of fallback foods. Int.
J. Primatol. 22: 929-945

Galloway A (1997) The cost of reproduction andékielution of postmenopausal
osteoporosis. In: Morbeck ME, Galloway A, and ZiamAL (eds) The Evolving
Female: A Life-History Perspective. Princeton Umsity Press, Princeton, pp.
132-146.

Ganas J and Robbins MM (2005) Ranging behavidne@htountain gorillasGorilla
beringel beringei) in Bwindi Impenetrable National Park, Ugandaest of the
ecological constraints model. Behav. Ecol. Socibl&i8: 277-288.

Ganzhorn JU and Harthun M (2000) Food selectiobdavers Castor fibre albicus) in
relation to plant chemicals and possible effetffooding on food quality. J.
Zool. Lond. 251: 391-398

Garland T Jr (1983) Scaling the ecological costarisport to body mass in terrestrial
mammals. Am. Nat. 121: 571-587.

Gaulin SJC and Fitzgerald RW (1986) Sex differencespatial ability: an evolutionary
hypothesis and test. Am. N&27: 74-88.

163



Gaulin SJC and Fitzgerald RW (1989) Sexual seledto spatial-learning ability. Anim.
Behav. 37: 322-331.

Gautier-Hion A (1980) Seasonal variations of detated to species and sex in a
community ofCercopithecus monkeys. J. Anim. Eco#l9: 237-269.

Gilby IC and Wrangham RW (2007) Risk-prone huntaygchimpanzeedan
troglodytes schweinfurthii) increases during periods of high diet qualityh®e
Ecol. Sociobiol. 61: 1771-1779.

Gilby IC and Wrangham RW (2008) Association pateamong wild chimpanzeeBan
troglodytes schweinfurthii) reflect sex differences in cooperation. BehawlEc
Sociobiol. 62: 1831-1842.

Gillespie TR and Chapman Q&001) Determinants of group size in the red casobu
monkey Procolobus badius): An evaluation of the generality of the ecologica
constraints model. Behav. Ecol. Sociobiol. 50: 328-

Ginnett TF and Demment MW (1997) Sex differencegiiaffe foraging behavior at
two spatial scales. Oecologia 110:291-300.

Gompper ME and Gittleman JL (1991) Home range sgalntraspecific and
comparative trends. Oceolgica. 87: 343-348.

Goodall J (1986) The Chimpanzees of Gombe. Bellaraps, Massachusetts.

Goodall J, Bandora A, Bergmann E, Busse C, Matamdpbngo E, Pierce A, Riss D
(1979) Intercommunity interactions in the chimpanpepulation of the Gombe
National Park, In: Hamburg DA and McCowan ER (d@sjspectives on Human
Evolution, vol. 5: The Great Apes. Benjamin/Cumnsiftublishing Co.,
California, pp. 13-53.

Goszczynski J (1986) Locomotor activity of terredtpredators and its consequences.
Acta Theriologica31: 79-95.

Grant JWA, Chapman CA, Richardson KS (1992) Defdnagsus undefended home
range size of carnivores, ungulates and primatelsa® Ecol. Sociobiol. 31: 149-
161.

Hanna J (2006) Energetics of Climbing in Primatesplications for Primate Locomotor
Evolution, PhD dissertation, Duke University.

Harrison GA (1983) Energy and Effort. Taylor anarteis, London.

164



Hasegawa T (1990) Sex differences in ranging padtén: Nishida T (ed) The
Chimpanzees of the Mahale Mountains. Tokyo UniveRress, Tokyo, pp. 99-
114.

Hashimoto C, Suzuki S, Takenoshita Y, Yamagiwaaka®ose AK, Furuichi T (2003)
How fruit abundance affects the chimpanzee pads. € comparison between
four study sites. Primates 44: 77-81.

Herbinger |, Boesch C, and Rothe H (2001) territrgracteristics among three
neighboring chimpanzee communities in the Tai dveati Park, Cote d’lvoire. Int.
J. Ptimatol. 22:143-167.

Hladik CM (1977) A comparative study of the feedsttategies of two sympatric leaf
monkeys:Presbytis senex andPresbytis entellus. In: Clutton-Brock TH (ed).
Primate Ecology. Academic Press, New York, pp. 333-

Hohmann G and Fruth B (2002) Dynamics in sociahaization of bonobodan
paniscus). In: Boesch C, Hohmann G, Marchant LF M (eds) 8etral Diversity
in Chimpanzees and Bonobos. Cambridge Universigg$?mMNew York, pp: 138-
150.

Hunt KD (1989) Positional behavior FPan troglodytes in the Mahale Mountains and the
Gombe Stream National Park, Tanzania. PhD disgsntdtiniversity of
Michigan.

lllius AW and Gordon 1J (1987) The allometry of tbmtake in grazing ruminants. J.
Anim. Ecol. 56: 989-999.

Ims RA (1987) Male spacing systems in microtineerdd. Am. Nat130: 475-484.

Isabirye-Basuta G (1989) Food competition amongyiddals in a free-ranging
chimpanzee community in Kibale Forest, Uganda Behayv105: 135-147.

Isbell LA, Pruetz JD and Young TP (1998) Movemaeritgervets Cercopithecus
aethiops) and patas monkeyEgr(ythrocebus patas) as estimators of food resource
size, density, and distribution. Behav. Ecol. Sbmb 42: 123-133.

Isbell LA, Pruetz JD, Nzuma BM, and Young TP (19@@mparing measures of travel
distances in primates: Methodological consideratiamd socioecological
implications. Am. J. Primatol. 48: 87-98.

Itoh N and Nishida T (200thimpanzee grouping patterns and food availabitity i
Mahale Mountains National Park, Tanzania. Primags87-96.

165



Janmaat KRL, Byrne RW, Zuberbuehler K (2006) Eviaiefor a spatial memory of
fruiting states of rainforest trees in wild manggheAnim. Behav72: 797-807.

Janson C (1985) Aggressive competition and indadidood consumption in wild brown
capuchin monkey<Jebus paella) Behav. Ecol. Sociobidl8: 125-138.

Janson C (1988a) Intra-specific food competitiod prnmate social structure: a
synthesis. Behaviour 105: 1-17.

Janson C (1988b) Food competition in brown capuntonkeys Cebus apella) —
guantitative effects of group size and tree pragitgt Behaviour. 105: 53-76.

Janson C and Goldsmith ML (1995) Predicting graap s primates: foraging costs and
predation risks. Behav. Ecol. 6: 326-336.

Janson C and van Schaik CP (1988) Recognizing #rg/iaces of primate food
competition. Behaviour. 105: 165-186.

Janson C and Byrne R (2007) What wild primates kabaut resources: opening up
the black box. Anim. Cog. 10: 357-367.

Janson C, Stiles EW, and White DW (1986) Seleabioplant fruiting traits by
brown capuchin monkeys: a multivariate approachEktrada A and Fleming
TH (eds) Frugivores and Seed Dispersal. Dr. Wk JDordrecht, pp. 83-92.

Jones CM, Braithwaite VA, and Healy SD (2003) Theletion of sex differences in
spatial ability. Behav. Neurosdl17: 403-411.

Kahlenberg SM (2006) Female-female competitionraate sexual coercion in
Kanyawara chimpanzees. PhD dissertation, Harvardesity.

Kahlenberg SM, Emery Thompson M and Wrangham RVB&2EGemale competition
over core areas iRan troglodytes schweinfurthii, Kibale National Park, Uganda.
Int. J. Primatol. 29: 931-947.

Kamilar JM and Pokempner AA (2008) Does body mas®rphism increase male
female dietary niche separation? Behaviour. 145111234,

Kays RW and Gittleman JL (2001) The social orgamreof the kinkajouPotos flavus
(Procyonidae) J. Zool. 253: 491-504.

Kenward RE (1985) Ranging behavior and populatigmadics in grey squirrels. In:

Sibly RM and Smith RH (eds) Behavioral Ecology: Bgical Consequences of
Adaptive Behavior. Blackwell Scientific Publicat&nOxford, pp. 319-330.

166



Key C and Ross C (1999) Sex differences in enexgerditure in non-human primates.
Proc. R. Soc. Lond. B: 2479-2485.

Key C and Aiello LC (2000) A Prisoner's Dilemma Mobof the Evolution of Paternal
Care. Folia Primatol, 71: 77-92.

Kinzey WG (1977) Diet and feeding behaviouiGafllicebus torquatus. In: Clutton
Brock, TH (ed) Primate Ecology: Studies Of Feedkmgl Ranging Behaviour In
Lemurs, Monkeys And Apes. Academic Press, New Yppk,127-151.

Kleiber M (1961) The Fire of Life: An Introductidim Animal Energetics. Krieger, New
York.

Knott CD (1998) Changes in orangutan caloric int&keergy balance, and ketones in
response to fluctuating fruit availability. Int.Brimatol 19: 1061-1079.

Knott CD (2001) Female reproductive ecology ofdpes: implications for human
evolution. In: Ellison PT (ed). Reproductive Ecolaand Human Evolution.
Aldine de Gruyter, New York, pp. 429-463.

Knott CD (2005) Energetic responses to food avaitglin the great apes: implications
for hominin evolution. In: Brockman DK and van Sih@P (eds) Seasonality in
Primates: Studies of Living and Extinct Human armhNHuman Primates.
Cambridge University Press, Cambridge, pp. 351-378.

Koenig A (2002) Competition for resources and gbkdvioral consequences among
female primates. Int. J. Primatol. 23: 759-783.

Koenig A, Borries C, Chalise MK, and Winkler P (1% cology, nutrition and timing
of reproductive events in an Asian primate, the ttaan langurRresbytis
entellus). J. Zool. Lond243: 215-235.

Krebs CJ (1999) Ecological Methodology®2dn. Benjamin Cummings, New York.

Kummer H (1971) Primate Societies: Group Techniagfdscological Adaptation.
Aldine-Atherton, Chicago.

Lambert JE (2002) Digestive retention times in $diguenonser copithecus spp.) with
reference to chimpanzed2af troglodytes), Int. J. Primatal23: 1169-1185.

Lehmann J and Boesch C (2003) Social influencasoging patterns among

chimpanzeesRan troglodytes verus) in the Tai National Park, Cote d'lvoire.
Behav. Ecol. 14: 642-649.

167



Lehmann J and Boesch C (2004) To fission or toofuseffects of community size on
wild chimpanzeeRan troglodytes verus) social organisation. Behav. Ecol.
Sociobiol. 56: 207-216.

Lehmann J and Boesch C (2005) Bisexually bondegimgnn chimpanzee$an
troglodytes verus). Behav. Ecol. Sociobiob7: 525-535.

Leonard WR and Robertson M (1997) Comparative pgemeaergetics and hominid
evolution. Am. J. Phys. Anthropol 102: 265-281

Litvaitis JA, Sherburne JA, and Bissonette JA ()9B6bcat habitat use and home range
size in relation to prey density. J. Wildl. Manage: 110-117.

Lowen C and Dunbar RM (1994) Territory size ancedehbility in primates. Behav.
Ecol. Sociobiol 35: 347-354.

Mace GM and Harvey PH (1983) Energetic constranthome-range size. Am. Nat.
121: 120-132.

Main MB, Weckerly FW, and Cleich VC (1996) Sexuagjgegation in ungulates: new
directions for research. J. Mammal. 77: 449-461.

Malenky RK and Wrangham RW (1994) A quantitativenparison of terrestrial
herbaceous food consumption Bgn paniscus in the Lomako Forest, Zaire, and
Pan troglodytes in the Kibale Forest, Uganda. Am. J. PrimaBd: 1-12.

Manson JH and Wrangham RW (1991) Intergroup aggness chimpanzees and
humans. Curr. AnthropoB2: 369-390.

Marsh CW (1981) Ranging behaviour and its relatmdiet selection in Tana River red
colobus Colobus badius rufomitratus). J. Zool 195: 473-492.

Martin AR and da Silva VMF (2004) River dolphinsdaitooded forest: seasonal habitat
use and sexual segregation of botoga(geoffrensis) in an extreme cetacean
environment. J. Zool. Lond. 263: 295-305.

Matsumoto-Oda A (2002) Behavioral seasonality irhta chimpanzee®rimates
43:103-117.

Matsumoto-Oda A and Hayashi Y (1999) Nutritiongdexss of fruit choice by
chimpanzees. Folia Primafo0: 154-162.

Matsumoto-Oda A, Hosaka K, Huffman M, Kawanaka B98) Factors affecting party
size in chimpanzees of the Mahale mountains. IRridnatol. 19: 999-1011.

168



McBurney DH, Gaulin SJC, and Devineni T (1997) Sigrespatial memory of women:
Stronger evidence for the gathering hypothesisl.FBam. Behav18: 165-174.

McGrew WC (1979) Evolutionary implications of seiferences in chimpanzee
predation and tool use: sex differences in chimpamispersion. In: Hamburg
DA and McCown ER (eds) The Great Apes. Benjamin/@imgs Publishing co.,
California, pp. 441-462.

McNab BK (1963) Bioenergetics and determinatiomaie range. Am. Na®7:
133-140.

Menzel EW (1973) Chimpanzee and spatial memoryrozgéon. Science.
182: 943-945.

Michener GR (1998) Sexual differences in reprocsecéffort of Richardson’s ground
squirrels. J. Mammar9:1-19.

Milton K (1980) The Foraging Strategy of Howler Mays. Columbia University Press,
New York.

Milton K and May ML (1976) Body weight, diet andrhe range area in primates.
Nature 259: 459-462.

Milton K and Demment MW (1988) Digestion and passkigetics of chimpanzees fed
high and low fiber diets and comparison with hurdata. J. Nutr118: 1082-
1088.

Mitani JC (1989) Orangutan activity budgets: Mogthériations and the effects of
body size, parturition, and sociality. Am. J. Prioial8: 87-100.

Mitani JC and Rodman PS (1979) Territoriality: th&ation of ranging pattern and home
range size to defendability, with an analysis dfiteriality among primate
species. Behav. Ecol. Sociobibl.241-251.

Mitani JC and Amsler SJ (2003) Social and spaspkats of male subgrouping in a
community of wild chimpanzees. Behaviour. 140: 8&89-

Mitani JC and Watts DP (2005) Correlates of terididooundary patrol behavior in
chimpanzees. Anim. Beha®: 1079-1086.

Mitani JC, Watts DP and Lwanga JS (2002) Ecologacal social correlates of
chimpanzee party size and composition In: Boesdddbmann G, and Marchant
LF (eds) Behavioural Diversity in Chimpanzees amthi@os. Cambridge
University Press, Cambridge, pp.102-111.

169



Mizutani F and Jewell PA (1998) Home-range and mwams of leoparddPanthera
pardus) on a livestock ranch in Kenya. J. Zool. Lo@d4: 269-286.

Mohr C (1947) Table of equivalent populations ofrticAmerican small mammals.
Amer. Midland NaturalisB7: 223-249.

Muller MN, Kahlenberg SM, Emery Thompson M, and Wgaam RW (2007) Male
coercion and the costs of promiscuous matingdoraie chimpanzees. Proc. R.
Soc. B. 274: 1009-1014.

Murray CM, Eberly LE and Pusey AE (2006) Foragitrgtegies as a function of
season and rank among wild female chimpanZeast(oglodytes). Behav. Ecol.
17: 1020-1028.

Murray CM, Mane SV, and Pusey AE (2007) Dominara&rinfluences female space
use in wild chimpanzeePRan troglodytes: towards an ideal despotic distribution.
Anim. Behav. 74: 1795-1804.

Murray CM, Gilby IC, Mane SV and Pusey A (2008) Atduale chimpanzees inherit
maternal ranging patterns. Curr. Biol. 18 :20-24.

Myers JH (1978) Selecting a measure of disper&omiron. Entomol7: 619-621.

Mysterud A (2000) The relationship between ecolalgiegregation and sexual body size
dimorphism in large herbivores. Oecologia. 124540-

Mysterud A, Langvatn R and Stenseth NC (2004) pattef reproductive effort in
male ungulates. J. Zod64:209-215.

Nakagawa N (1997) Determinants of the dramaticaedshanges in the intake of
energy and protein by Japanese monkeys in a copetate forest. Am. J.
Primatol. 41: 267-288.

Nakagawa N (2000) Foraging energetics in patas eysfrythrocebus patas) and
Tantalus monkey<er copithecus aethiops tantalus): implications for
reproductive seasonality. Am. J. Primat2: 169-185.

National Research Council (1980) Recommended Digthowances(RDA), & edn.
National Academy Press, Washington, DC.

Nelson J (1995) Determinants of male spacing behnavimicrotines- an experimental
manipulation of female spatial distribution and sign Behav. Ecol. Sociobiol
37: 217-223.

Newton-Fisher NE (2000) Male core areas: Rangingigongo forest chimpanzees.
Pan Africa News7: 10-12.

170



Newton-Fisher NE (2003) The home range of the Seosamunity of chimpanzees from
the Budongo Forest, Uganda. Afr. J. Eebl150-156.

Newton-Fisher NE, Reynolds V and Plumptre AJ (20e@)d supply and chimpanzee
(Pan troglodytes schweinfurthii) party size in the Budongo Forest Reserve,
Uganda. Int. J. Primatol. 21: 613-628.

Nishida T (1979) The social structure of chimpaszaiethe Mahale Mountains. In:
Hamburg DA and McCown ER (eds) Perspectives on Huiwlution, vol. 5:
The Great Apes. Benjamin/Cummings Publishing Calif@nia, pp. 73-121.

Nishida T (1989) Social interactions between ragid®ad immigrant female
chimpanzees. In: Heltne P, Marquardt L (eds) Urtdading Chimpanzees.
Harvard University Press, Cambridge, pp. 68-89.

Nishida T (1990) The Chimpanzees of the Mahale Maugs: Sexual and Life History
Strategies. University of Tokyo Press, Tokyo.

Nishida T and Hosaka K (1996) Coalition strategiesng adult male chimpanzees of
the Mahale Mountains, Tanzania. In: McGrew WC, Mard LF and Nishida T
(eds) Great Ape Societies. Cambridge Universitg&r€ambridge, pp. 114-134.

Nishida T, Corp N, Hamai M, Hasegawa T, Hiraiwa-etg@mva M, Hosaka K, Hunt KD,
Itoh N, Kawanaka K, Matsumoto-Oda A, Mitani JC, [datura M, Norikoshi K,
Sakamaki T, Turner L, Uehara S and Zamma K (20@8n&ygraphy, female life
history, and reproductive profiles among the chingeges of Mahale. Am. J.
Primatol. 59: 99-121.

Norconk MA and Kinzey WG (1994) Challenge of neptoal frugivory: Travel patterns
of spider monkeys and bearded sakis. Am. J. Prin240171-183.

Ntiamoa-Baidu Y (1997) Wildlife and Food SecurityAfrica FAO Conservation Guide,
33.

O’Brien TO, Kinnaird M, Dierenfeld E, Conklin-Bratn NL, Wrangham RW, and
Silver SC (1998) What's so special about figs? NaB92: 668.

Oftedal OT (1984) Milk composition, milk yield amshergy output at peak lactation:
a comparative review. Symp. Zool. Soc. Lohdl: 33-85.

Olupot W, Chapman CA, Waser PM and Isabirye-Ba&u(a997) Mangabey

(Cercocebus albigena) ranging patterns in relation to fruit availalyland the risk
of parasite infection in Kibale National Park, UganAm. J. Primatol. 43: 65-78.

171



Otali E and Gilchrist JS (2006) Why chimpanzeean(troglodytes schweinfurthii)
mothers are less gregarious than nonmothers alesntlae infant safety
hypothesis. Behav. Ecol. Sociob&$: 561-570.

Packer C (1977) Reciprocal altruismRapio anubis. Nature 265: 441-443.

Pandolfi SS (2005) Ecological sex differences m@ombe chimpanzeeBan
troglodytes). PhD dissertation. Duke University.

Pandolfi SS, van Schaik CP and Pusey AE (2003)d8fetences in termite fishing
among Gombe chimpanzees. In: de Waal FBM and Tlacteds) Animal Social
Complexity: Intelligence, Culture, and Individuad Societies. Harvard
University Press, Cambridge, pp. 414-418.

Pelletier F, Hogg JT, and Festa-Bianchet M (200&)eéMnating effort in a polygynous
ungulate. Behav. Ecol. Sociobiol. 60: 645-654.

Pérez-Barberia FJ, Walker DM, and Marion G (200@&ximizing intake under
challenging conditions at two spatial scales iayssheep. Anim. Behav. 73: 339-
348

Pepper JW, Mitani JC and Watts DP (1999) Genermdayiousness and specific social
preferences among wild chimpanzees. Int. J. Priim2@o 613-632.

Perrigo G and Bronson FH (1985) Sex differencebkénenergy allocation strategies of
house mice. Behav. Ecol. Sociobiol. 17: 297-302.

Pontzer H and Wrangham RW (2004) Climbing and #ibk/@&nergy costs of
locomotion in wild chimpanzees: implications farhinoid locomotor evolution.
J. Hem. Evol46: 315-333.

Portman OW (1970) Nutritional requirements of namAan primates. In: Harris KS (ed)
Feeding and Nutrition of Non-Human Primates. Acaddpness, New York, pp.
87-116.

Powell RA (2000) Animal home ranges and territoeed home range estimators. In:
Boitani L and Fuller TK (eds) Research Technique&nimal Ecology:
Controversies and Consequences. Columbia Univdrsgys, New York, pp 65-
110.

Powell RA, Zimmerman JW, and Seaman DE (1997) Kpoénd Behavior of North
American Black Bears: Home Ranges, Habitat andab@uiganization. Chapman
and Hall, New York.

Pruetz JD and Bertolani P (2007) Savanna chimpanReg troglodytes verus, hunt with
tools. Curr. Biol. 17: 412-417.

172



Pulliam HR (1973) Advantages of Flocking. Journfal' beoretical Biology 38:419-422.

Pusey AE, Williams J, and Goodall J (1997) Theuafice of dominance rank on the
reproductive success of female chimpanzees. ScEfite828-831.

Pusey AE, Oehlert GW, Williams JM and Goodall J020Influence of ecological and
social factors on body mass of wild chimpanzeg&sJirPrimatal 26: 3-31

Reynolds V (2005) The Chimpanzees of the BudongedtoEcology, Behaviour, and
Conservation. Oxford University Press, New York.

Reynolds V, Plumptre AJ, Greenham J, and Harbd®838) Condensed tannins and
sugars in the diet of chimpanze®suf troglodytes schweinfurthii) in the Budongo
Forest, Uganda. Oecologia 115: 331-336.

Riba-Hernandez P, Stoner KE and Lucas PW (2005aStancentrations of fruits and
their detection via color in the Central Americaider monkeyAteles
geoffroyi). Am. J. Primatol 67: 411-423.

Robinson JG (1981) Spatial structure in foragimmugs of wedge-capped capuchin
monkeysCebus nigrivittatus. Anim. Behav29: 1036-1056.

Rose LM (1994) Sex differences in diet and foradiebavior in white faced capuchins
(Cebus capucinus). Int. J. Primatall5: 95-114.

Ruckstuhl KE and Neuhaus P (2000) Sexual segregmtiongulates: a new approach.
Behaviour. 137: 361-377.

Ruckstuhl KE and Kokko H (2002) Modelling sexuajissgation in ungulates:
effects of group size, activity budgets and synoliré\nim. Behav. 64: 909-914.

Ruckstuhl KE, Festa-Bianchet M, Jorgenson JT (2BM&) rates in Rocky mountain
bighorn sheepQvis canadensis): effects of season, age, sex and reproductive
status. Behav. Ecol. Sociobiol. 54: 167-173.

Saito C (1998) Cost of lactation in the Malagasynpte Propithecus verreauxi:
estimates of energy intake in the wild. Folia Ptiohe69: 414.

Sakura O (1994) Factors affecting party size amdpmsition of chimpanzee®d#n
troglodytes verus) at Bossou, Guinea. Source. Int. J. Primatol. 65-183

Salsbury CM and Armitage KB (1994) Resting anddfieletabolic rates of adult male

yellow-bellied marmotsMarmota flaviventris. Comp. Biochem. Phy#. 108:
579-588.

173



Sandell M (1989) The mating tactics and spacintgpat of solitary carnivores. In:
Gittleman JL (ed) Carnivore Behavior, Ecology anlition. Cornell University
Press, New York, pp.164-182.

Sandstrom NJ, Kaufman J and Huettel SA (1998) Mahekfemales use different distal
cues in a virtual environment navigation task. &@in Research: 351-360.

Sauther ML (1994) Wild plant use by pregnant amdaliéng ringtailed lemurs, with
implications for early hominid foraging. In: EtkiNL (ed) Eating on the Wild
Side.Univ. of Arizona Press, Tucson, pp: 240-256.

Schmidt K, Nakanishi N, Okamura M, Doi T, and IzaMg2003) Movements and use
of home range in the Iriomote cdr{onailurus bengalensisiriomotensis). J.
Zool. Lond.261: 273-283.

Schoener TW (1971) Theory of feeding strategiesi.ARev. Ecol. Sys:369-404.

Schuelke O, Chalise MK, and Koenig A (2006) Theam@nce of ingestion rates for
estimating food quality and energy intake Am.rdm@tol. 68: 951-965

Sherry D (2003) Reproductive Seasonality in Chinzeas and Humans: Ultimate and
Proximate Factor$hD dissertation, Harvard University.

Sherry DS and Ellison PT (2007) Potential applaratiof urinary C-peptide of insulin
for comparative energetics research. Am. J. Phgthrapol. 133:771-778

Silk JB (1986) Eating for two: behavioral and eowimental correlates of
gestation length among free-ranging babg®apio cynocephalus).
Int. J. Primatal 7: 583-602.

Silverman | and Eals M (1992) Sex differences iatsph abilities: evolutionary theory
and data. In: Barkow JH, Cosmides L and Tooby 3)(éde Adapted Mind:
Evolutionary Psychology and the Generation of Gelt®xford University Press,
Oxford, pp. 533-549.

Smith RL and Jungers WL (1997) Body mass in contper@rimatology. J. Hum.
Evol. 32:523-559.

Smuts BB and Smuts RW (1993) Male aggression axgbseoercion of females in
nonhuman primates and other mammals: evidencehaodetical implications.
Advances in the Study of Behavior. 22: 1-63.

Stacey PB (1986) Group size and foraging efficieincyellow baboons. Behav Ecol.
Sociobiol. 18: 175-187.

174



Stephens DW and Krebs JR (1986) Foraging Theomyc&won University Press, New
Jersey.

Sterck EHM, Watts DP, and van Schaik CP (1997) &lwution of female social
relationships in nonhuman primates. Behav. Ecatidhiol. 41:291-309.

Stokke S (1999) Sex differences in feeding-pataicehin a megaherbivore: elephants
in Chobe National Park, Botswana Can J. Zédl 1723-1732.

Strier KB (1991) Diet in one group of woolly spidaonkeys, omuriquis (Brachyteles
arachnoides). Am. J. Primatal23: 113-126.

Struhsaker TT (1997) Ecology of an African Raindar Logging in Kibale And The
Conflict between Conservation and Exploitation. \émsity Press of Florida,
Gainesville.

Suarez SA (2006) Diet and travel costs for spidenkeys in a nonseasonal,
hyperdiverse environment. Int. J. Prima@i: 411-436.

Swihart RK, Slade NA and Bergstrom BJ (1988) Retabody size to the rate of home
range use in mammals. Ecology. 69: 393-399.

Symington MM (1987) Ecological and social corretabé party size in the black spider
monkey,Atel es paniscus chamek. PhD dissertation, Princeton University.

Tachira Y, Hobe H and Diana G (1996) Comparing tamns of chimpanzees and
bonobos: Do females exhibit perceptivity or recapti In: McGrew WC,
Marchant LF and Nishida T (eds) Great Ape Societ@snbridge University
Press, Cambridge, pp. 146-155.

Takemoto H (2003) Phytochemical determination éaf food choice by wild
chimpanzees in Guinea-Bossou J. Chem. . BEX$12551-2573.

Takemoto H (2004) Seasonal change in terrestriafiphimpanzees in relation to
microclimate in the tropical forest. Am. J. Physitdvopol 124: 81-92.

Taylor CR, Geglund NC, and Maloiy GMO (1982) Eneicgeand mechanics of
terrestrial locomotion I. Metabolic energy constimp as a function of speed
and body size in birds and mammals. J. Exp. Biol.1-21.

Terborgh J (1983) Five New World Primates: A StudZomparative Ecology.
Princeton University Press, New Jersey.

Trivers RL (1972) Parental investment and sexuaksen. In: Campbell B (ed)
Sexual Selection and the Descent of Man. Aldinec&jo, pp. 136-179.

175



Tufto J, Anderson R, and Linnell J (1996) Habits¢ @nd ecological correlates of home
range size in a small cervid: The roe deer. J. Aligol. 65: 715-724.

Valero A and Byrne RW (2007) Spider monkey rangatterns in Mexican subtropical
forest: do travel routes reflect planning? AnimgCb0: 305-315.

van Roosmalen MGM (1985) Habitat preferences, tketjing strategy and social
organization of the black spider monkeéye|es paniscus paniscus Linnaeus
1758) in Surinam. Acta Amazonica. 15: 1-238.

van Schaik CP (1983) Why are diurnal primates tvim groups. Behaviour. 87:120
144.

van Schaik CP (1989) The ecology of social relainms amongst female primates
In: Standen V and Foley RA (eds) Comparative Saulwgy: The Behavioural
Ecology of Humans and Other Mammals. Blackwell 8tifie Publications,
Oxford, pp.195-218.

van Schaik CP (1999) The socioecology of fissiogiefn sociality in orangutans.
Primates. 40: 69-86.

van Schaik CP, van Noordwijk MA, de Boer RJ and @ienkelaar (1983) The effect of
group size on time budgets and social behaviowilohlong-tailed macaques
(Macaca fascicularis). Behav. Ecol. Sociobiol. 13: 173-181.

van Schaik CP and van Noordwijk MA (1985) Interaaineariability in fruit abundance
and the reproductive seasonality in Sumatran laiget macaquedMacaca
fascicularis). J. Zool. 4: 533-549.

van Schaik CP and van Noordwijk MA (1988) Scrandiid contest competition among
female long-tailed macaqudddcaca fascicularis). Behaviour 105: 77-98.

Vogel ER (2005) Rank differences in energy intaes in white-faced capuchin
monkeys Cebus capucinus:. the effects of contest competiti@ehav. Ecol.
Sociobiol. 58: 333-344.

Wakefield ML (2008) Grouping patterns and competitamong femal@an troglodytes
schweinfurthii at Ngogo, Kibale National Park, Uganda. Source.JnPrimatol.
29: 907-929.

Waser P (1977) Feeding, Ranging and Group Sizeeiiviangabey
Cercocebus albigena In: Clutton-Brock, TH (ed) Primate Ecology: Stuslief
Feeding and Ranging Behaviour in Lemurs, MonkeysAgpes. Academic Press,
New York.

176



Warren RD and Crompton RH (1998) Diet, body siz& @mergy costs of locomotion in
salutatory primates Fol. Primatol. 69: 86-100.

Wallace RB (2008) Towing the party line: territdityg risky boundaries and male group
size in spider monkey fission-fusion societies. AmPrimatol. 70: 271-281.

Watts DP (1991) Strategies of habitat use by manmgarillas. Folia Primatol56: 1
16.

Watts DP (1998) Environmental influences on moumgarilla time budgets.
Am. J. Primatal15: 195-211.

Watts DP (2005) Sexual segregation in non-humanaigas. In: Ruckstuhl KE and
Neuhaus P (eds) Sexual Segregation in Vertebfatedogy of the Two Sexes
Cambridge University Press, Cambridge, pp.327-347.

Watts DP and Mitani JC (2001) Boundary patrols atergroup encounters in wild
chimpanzees. Behaviour. 138: 299-327.

Watts DP and Mitani JC (2002a) Hunting behavioclifnpanzees at Ngogo, Kibale
National Park, Uganda. Int. J. Primatol. 23: 1-28.

Watts DP and Mitani JC (2002b) Hunting and meatisfay chimpanzees at Ngogo,
Kibale National Park, Uganda. In: Boesch C, Hohm@niarchant LF M (eds)
Behavioral Diversity in Chimpanzees and Bonobosnky&ge University Press,
New York, pp. 244-258.

Watts DP, Muller M, Amsler SJ, Mbabazi G, and Mitd@ (2006) Lethal intergroup
aggression by chimpanzees in Kibale National Rdganda. Am. J. Primatob8:
161-180.

Whiten A, Goodall J, McGrew WC, Nishida T, Reyno\dsSugiyama Y, Tutin CEG,
Wrangham RW, and Boesch C (2001) Charting cultaahtion in chimpanzees.
Behaviour. 138: 1481-1516.

Whitten PL (1988) Effects of patch quality and fegdsubgroup size on feeding success
in vervet monkeysQer copithecus aethiops). Behaviour. 105:35-52.

Wich SA, Utami-Atmoko SS, Setia TM, Djoyosudharmar&l Geurts ML (2006)
Dietary and energetic responsed?ohgo abelii to fruit availability fluctuations.
Int. J. Primatol. 27: 1535-1550.

Wieglus RB and Bunnell (1994) Sexual segregatiahfamale grizzly bear avoidance of
males. J. Wildlife Management. 58: 405-413.

177



Williams GC (1966) Adaptation and Natural SelectiBrinceton University Press,
Princeton.

Williams JM (2000) Female strategies and the rea$anterritoriality: lessons from
three decades of research at Gombe. PhD dissertatmversity of Minnesota.

Williams JM, Liu H and Pusey AE (2002a) Costs ardddits of grouping for female
chimpanzees at Gombe. In: Boesch C, Hohmann G,hdatd.F M (eds)
Behavioral Diversity in Chimpanzees and Bonobosn&lge University Press,
New York, pp 192-203.

Williams JM, Pusey AE, Carlis JV, Farm BP and Gdbdl$2002b) Female competition
and male territorial behavior influence female gh@mzees' ranging patterns.
Anim. Behav. 63: 347-360.

Williams JM, Oehlert GW, Carlis JV and Pusey AEG2PWhy do male chimpanzees
defend a group range? Anim. Beh&8: 523-532.

Williams CL and Meck WH (1991) The organizationtieets of gonadal steroids on
sexually dimorphic spatial ability. Psychoneuroesrdwlogy. 16: 155-176.

Wilkinson LC and Barclay RMR (1997) Differencestive foraging behavior of male and
female big brown bat€ptesicus fuscus) during the reproductive period.
Ecoscience. 4: 279-285.

Wilson ML (2001) Imbalances of power: how chimpagzeespond to the threat of
intergroup aggression. PhD dissertation, Harvarivérsity.

Wilson ML and Wrangham RW (2003) Intergroup relation chimpanzees. Ann. Rev.
Anthropol. 32: 363-392.

Wittig RM and Boesch @2003) Food competition and linear dominance hamar
among female chimpanzees of the Tai National RatkJ. Primatol. 24: 847-
867.

Wrangham RW (1977) Feeding behaviour of chimpanze&ombe National Park,
Tanzania. In: Clutton-Brock TH (ed) Primate Ecolo§yudies of Feeding and
Ranging Behaviour in Lemurs, Monkeys and Apes. &caid Press, New York,
pp. 503-538

Wrangham RW (1979&0n the evolution of ape social systems. Sociaige
Information 18: 335-368

Wrangham RW (1979b) Sex differences in chimpanmggedsion. In: Hamburg DA and

McCown ER (eds) The Great Apes. Benjamin/Cummingdihing co., Menlo
Park, California, pp. 481-489.

178



Wrangham RW (1980) An ecological model of femaladexd primate groups. Behaviour.
75: 262-300.

Wrangham RW (1986) Ecology and social relationsimpsvo species of chimpanzee.
In: Rubenstein DI and Wrangham RW (eds) Ecologisadects of Social
Evolution: Birds and Mammals. Princeton Universess, Princeton, pp. 352-
378.

Wrangham RW (1987) Evolution of social structure.3muts BB, Cheney DL, Seyfarth
RM, and Wrangham RW (eds) Primate Societies. Unityeof Chicago Press,
Chicago, pp. 282-296.

Wrangham RW (2000) Why are male chimpanzees megagious than mothers: A
scramble competition hypothesis. In: Kappeler PW) rimate Males: Causes
and Consequences of Variation in Group Composittambridge University
Press, Cambridge, pp. 248-258.

Wrangham RW (2002) The cost of sexual attractisthére a trade-off in femalRan
between sex appeal and received coercion? In:.dBd@sHohmann G, and
Marchant LF (eds) Behavioural Diversity in Chimpaas and Bonobos.
Cambridge University Press, Cambridge, pp. 204-215.

Wrangham RW and Smuts BB (1980) Sex differencelsarbehavioral ecology of
chimpanzees in the Gombe National Park, TanzanRe@drod. Fert., Supp28:
13-31.

Wrangham RW and Peterson D (1996) Demonic MalessfAmd the Origins of Human
Violence. Houghton Mifflin, Boston.

Wrangham RW, Clarck AP, and Isabirye-Basuta G (1%@2nale social
relationships and social organization of Kibalee&irchimpanzees. In: Nishida T,
McGrew WC, Marter P, Pickford M, and de Waal FBMggTopics in
Primatology Vol. 1 Human Origins. University of Tyak Press, Tokyo, pp. 81-98.

Wrangham R, Gittleman J and Chapman C (1993) Caingtron group size in primates
and carnivores: Population density and day-rangessays of exploitation
competition. Behav. Ecol. Sociobiol. 32: 199-209.

Wrangham RW, Chapman CA, Clark-Arcadi AP, and IsehBasuta G (1996) Social
ecology of Kanyawara chimpanzees: implicationufaderstanding the costs of
great ape groups. In: McGrew WC, Marchant LF, arghia T (eds) Great Ape
Societies. University of Cambridge Press, Cambrigge 45-57.

Zihiman AL (1997) Natural history of apes: life tusy features in females and males. In:

Morbeck ME, Galloway A, and Zihiman AL (eds) Thedixing Female
Princeton University Press, New Jersey, pp. 86-104.

179





