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ABSTRACT

TACTICAL BEHAVIOUR AND DECISIONMAKING IN WILD CHIMPANZEES
Nicholas Edward Newton-Fisher

The mind of the chimpanzee poses something of a paradox. In captivity, chimpanzees
show cognitive abilities which seem only rarely used in the wild. The contention of this
thesis is that the added complexity which a fission-fusion social system imposes on a
Machiavellian primate requires complex decision-making, and that it is in making these
decisions that wild chimpanzees use their cognitive abilities.

The extent of social complexity in the relationships between male chimpanzees was
investigated in an unprovisioned community in the Budongo Forest, Uganda. Statistical
modelling and the construction of mutually exclusive hypotheses were used to determine
the extent of tactical behaviour and decision-making in the social lives of these animals.

Male chimpanzees were found to live in a highly dynamic social milieu, showing
complex patterns of associations which appeared to be tactical. Chimpanzee males
changed their associates frequently every day, and it is argued that each change
represents a decision. In pursuit of association strategies, each decision is tactical, and
requires cognitive representations of strategic goals and the relationships between
individuals. Individual males appeared to deliberately select their association partners.
Over time, the tendency a dyad had to associate changed, as individuals sought to alter
their relationships, in pursuit of association, and broader social, strategies. Two such
association strategies were distinguished; one in which individuals maintained an even
level of association with other males, another where males concentrated on associating
with only a few others. Individuals switched from one strategy to another as their social
status changed, although both strategies could lead to increased status. A preference for
higher status males as nearest neighbours lead to competition for proximity partners, and
individuals, particularly the middle to high status males, appeared to use proximity
tactically. In choosing between grooming partners, male chimpanzees appeared to to
select the individual with whom they had the stronger association relationship. This
implied a cognitive comparison of the value of each relationship. Male ranging patterns
were examined, and the majority of time was spent within small core areas which were
both partially overlapping and distinct. Each male’s core area had a similar habitat
composition, and overlap between core areas was positively related to dyadic association
tendencies. It is hypothesised that these core areas function to enable the location of
individuals to be predicted by other members of the community.

The cognitive demands of decision-making by wild chimpanzees is discussed in relation
to the demonstrated abilities of captive individuals, as are the implications for an
understanding of the evolution of the chimpanzee mind.
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1.1
Chapter 1
INTRODUCTION

“knowledge of man’s position in the animateworld is an indispensable
preliminaryto the properunderstandingf his relationsto the universe—and
this resolvesinto an inquiry into the nature and closenes®f the ties which
connect him with those singular creatures [the great apes]”

T. H. Huxley, On the Relations of Man to the Lower Animals, 1906

The social systemof a group of animalsis the productof the relationshipsbetween
individuals; relationshipswhich are themselvesthe product of repeatedinteractions
(Hinde, 1976). Theserelationshipsandthe socialstructurethey create arethe meansoy

which the animalssolve ecologicalproblemspresentedyy their environment(Dunbar,
1989).Wherethe natureof theseproblemsis suchthatalternativesolutionsarepossible,
thesealternativesfurther diversify the types of relationshipsbetweenindividuals, and

increasethe complexity of their social system.Navigating though social complexity
requires individuals to make decisions concerning their trajectories, their social

strategies, and the tactics necessary to continue pursuit of these strategies.

For muchof this century,attemptsto understandhe behaviourof animalshavebeen
dominatedby the spirit of B. F. Skinnerandthe behavouristradition foundedby J. B.
Watson(McFarland,1985). Increasingly,it hasbecomeapparenthis schoolof thought
providesinadequateexplanationsof any but the simplestforms of behaviour(Crook,
1980; McFarland, 1985). In examining the complex interactionsbetweenindividual
animalsin a socialgroup,andbetweerthoseanimalsandthe environmentsn which they
live, more satisfyinganswershave beerobtainedby consideringthe intentionsof the
animals themselvesand the goals towards which they aim (reviewed by: Byrne &
Whiten, 1988; Cheney & Seyfarth, 1990; Krebs & Davies, 1991).

Such an approachneed make no claims about the mechanismsby which these
intentionsare enacted however.Modern behaviouralecology (Krebs & Davies,1987)
seekdo identify the evolutionaryfunction,or adaptivevalue,of eachfacetof ananimal’s
behaviour, and such investigationsanswer different questionsto those concerning
mechanismgTinbergen,1963).A functionalexplanatiorpostulateshatthe ultimategoal
of an animal’s behaviouris to maximiseits Darwinian fithness; activities which achieve
this persist,whilst othersare eliminatedby natural selection.To maximisefitness,an
animalhasto overcomea variety of problems from finding sufficientfood to finding an
ideal mate, often simultaneously(Dunbar, 1989). Over evolutionarytime, successn
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finding an optimal compromisebetweenthesedifferent sub-goalsbecomescorrelated
with maximising fitness.

Using the languageof intentionality as a short-handfor heritablegeneticdifferences
betweenindividuals, animalsintend to achievegoals such as avoiding a predatoror
finding high quality food, and make choicesconcerningthe bestway to reachthese
goals.Thosethatdo, will, onaverageleavemoresurvivingoffspringoveralifetime than
those who are less successful. Animals clearly ‘make decisions’all the time, from
selecting potential mates (for example, Smuts, 1987; Clutton-Brock et al., 1982;
McClintock & Uetz, 1996) to finding food (for example,Goss-Custard1977; Oates,
1987).Calling sucheventsdecisions’merelyindicatesthata non-randonselectionfrom
arangeof optionsis beingmade,whetherby the mechanisnof cognitive choiceor, for
example, mere sensory bias.

The way an animal pursuesdts goalscanbe termeda strategy particularlywheretwo
or moreroutesto maximisingfitnessarepossibletwo or morecompromisesolutionsare
equally valid. This idea can be applied to the pursuit of each sub-goal, such that
individuals may have different foraging strategieswhich lead to the sametotal energy
balance or different strategiedor acquiringmateswhich, on average)eadto the same
numberof offspring beingborn. The strategypursueds thereforethe resultof a choice
between twaor more alternatemeansof achievingthe samegoal. Within eachstrategy
are a number of tactics, further decisionsan animal hasto make, choosingbetween
differentmeansof pursuingthe samestrategy At eachlevel of analysis.a strategyis the
more generalwhile a tactic is the more specific. Tacticsat one level becomestrategies
when considered at the level below (Dunbar, 1988a).

The behaviouristtradition persistsin the assumptionthat the most parsimonious
positionis to consideranimalsasmeremechanismswyithout thoughtor feeling. Growing
lines of evidencesuggesthis may not be the casefor many higher animals,especially
primates (Griffin, 1976, 1984; deWaal, 1982; Whiten & Byrne, 1988a; Cheney &
Seyfarth,1990; Savage-Rumbaugh Lewin, 1994; Matsuzawa,1996).Highly complex
and extremelyflexible behaviourshownin response€o complexecologicaland social
environmentsmay be more simply explained by postulating cognitive information
processing—thought—bythe animals concerned,than by assuminga convoluted
pathway of learned contingencies(Griffin, 1976; Crook, 1980). The principle of
parsimony madeexplicit by Morgan’scanon(Morgan,1894,cited by McFarland,1985),
wasconstructedo avoidimbuing animalswith cognitive powersfor which therewasno
evidencelt wasnotintendedto denysuchabilitiesto thoseanimalswhich demonstrably
possess them (see Whiten & Perner, 1991).

Primateslive in complexsocial groups,mademore complicatedthan thoseof non-
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primatesby the formationsof alliancesandcoalitions(Harcourt,1989).Alliance partners
becomesocialresource$o be competedor, andindividualsbecomé‘consummatesocial
tacticians” (Harcourt,ibid) in their attemptsto deal with the social environment.Such
social complexity arguesstrongly for rapid cognitive decision-makingby the animals
concerned.The ability to use abstractcriteria to describerelationshipsis a more
parsimoniousnethodof assessinghe relationshipsetweenotherindividuals (Kummer,
1982; Dasser,1985), and so predicting their behaviour(Humphrey, 1976; Whiten &
Byrne, 1988b,c),than memorisingevery interaction. Vervet monkeys(Cercopithecus
aethiop$ selectively use referential signals as alarm calls dependenton their social
environment.They, and other monkeys,seemable to representsocial relationshipsand
classifymembersf their socialgroupusingtheseabstractriteria(Dasser,1988;Cheney
& Seyfarth,1990). They do not, however,appearto be awareof theseabstractionsnor
are they able to make use of them in other areas.

In seekingto understandhe natureandevolutionof the humanmind it is necessaryo
searchor the origins of the mechanisnwhich governsmuchof humandecision-making,
self awarenessrThis is the ability to accesscognitive processedo think aboutthinking.
(Crook, 1980). For this we must, as ThomasHuxley wrote, look to our closestliving
evolutionary relatives, the great apes.

EvidencestronglysuggestshatchimpanzeegPantroglodytes areself aware(Gallup,
1970; Menzel et al., 1985; Povinelli et al., 1997), and supportsthe idea that they are
awareof the minds of others,that they havea theory of mind (Premack& Woodruff,
1978).Theyappeato attributeintentionsto otherindividuals(Povinelli, unpubl.,citedin
Byrne, 1995a),andto be ableto cooperateand exchangeroles when solving problems
(Menzel,1973;deWaal,1982; Povinelli et al., 1992).If they do possessuchcognitive
abilities, a far richer interpretationof chimpanzeesocial behaviourbecomespossible.
Unfortunatelymuchof the availableevidencecomesfrom studiesof captiveindividuals,
who have had long exposureto humansand, according to critics, have become
‘enculturated’.As suchthey are saidto show a cognitive dexterity absentin their wild
counterparts.

Evidenceof cognitive skills in wild apeshas beenlooked for in both social and
ecological spheres.Evidence for tactical deception (Whiten and Byrne, 1988) is
predominantlyconfined to primates,with only the greatapesshowing evidencefor
cognitively intentional deception(Byrne, 1995a)In wild chimpanzeesintelligenceis
mostclearlydemonstrateth the manufactureof tools suchastermite-fishingwands,and
leaf sponges(McGrew, 1992). Constructionimplies a cognitive representatiorof the
finisheditem, andanunderstandin@f the cause-and-effectlationshipbetweerthe tool
andthe problemit is designedo solve(Byrne, 1995a).0therevidenceof cognitiveskill
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amongstthe greatapescomesfrom food processingtechniquesin mountain gorillas
(Gorilla gorilla beringei Byrne & Byrne, 1993),andin chimpanzeesapparenteaching
(Boesch,1991a),anticipation(Goodall, 1986; Byrne, 1988, 1995a; Matsuzawa,1991),
gestural communication and the concealment of vocalisations (Tomasello & Call, 1994).

Suchtantalisingevidenceis, unfortunately weakenedy its rarity. As Byrne (1995a)
says“if cognitive abilities are so useful...whyaren’t [they] much more commonand
obvious”. The abilities shown by captive chimpanzeeseemto be latentin their wild
counterparts;that they are unnecessaryin the pursuit of their day to day lives
(Humphrey, 1976. Likewise, the demandsof a subsistencdevel existenceamongst
humansdo not appearto require the intellectual skills developedthrough education
(Crook, 1980). The demandsof a complex society may accountfor the apparent
differencesin cognitive skills betweenanthropoidprimatesand other animals (Jolly,
1966;Humphrey,1976;Whiten& Byrne,1988a,b, while Dennett(1987)hasarguedhat
humansand possiblychimpanzeesre more complexstill in their cognitionbecausehe
web of their socialinteractionss far more entangledandthusdemandingthanit is for
other primates.

This thesis builds on Dennett’s suggestion,and contendsthat chimpanzeesuse
advancedcognitive abilities far more frequently than has beenheretoforesupposed]
take asdemonstratedhat chimpanzeesire,at leastin captivity, capableof thought,and
that there are strongindicationsthat they have at leasta rudimentarytheory of mind,
equallingat leastDennett’'slevel 2 intentionality (Dennett,1988;seeChapter7). While |
do not seekto demonstratéhat chimpanzeesavea theory of mind, | aim to provide
evidencethat the mundaneday-to-daylives of chimpanzeesre cognitively demanding
with the cognitiveskills demonstratedh captivity requiredon analmostcontinualbasis.
| further suggesthat this cognitive demandmay be responsiblé€or the evolutionof the
ape mind.

The fission-fusion (Kummer, 1968) social systemof chimpanzeesas been much
describecelsewherdseeGoodall,1986).At its mostbasic,a fission-fusionsocialsystem
is the extremeexampleof a foraging patternseenin someprimates(for example,Papio
baboons:Dunbar, 1988a;G. g. gorilla: Goldsmith, 1996), wherebya fairly coherent
social group fragmentsinto semi-autonomousub-groups.Such a systemmay be a
naturalconsequencef the foraging costsassociatedvith groupliving in theseanimals,
permitting each individual to make more efficient use of its habitat.

In chimpanzeesociety,individuals have considerabldreedomto move betweensub-
groups,and to associateand interact with whomsoeverthey choose.As a result, the
processesf allianceformationandsocialcompetitionarecomplicatedIn keepingtrack
of relationshipsjndividuals are unlikely to be ableto observeall, or evenmost, of the
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interactionsbetweenother individuals. Individuals pursuingsocial strategieswvould be
expectedo developtacticsto dealwith thefluidity of the socialenvironmentjn orderto
exertsomedegreeof control over the identitiesof their associatesWithout controlling
their associationsindividuals would be at the mercy of stochastidactors,or strategies
pursuedoy otherindividuals. Suchtacticswould be implementedn a regularbasis,and
require cognitive assessments of possibilities; intentional choice.

This thesis thus has two linked objectives: to show that, in chimpanzeesthe
combination of machiavelliansocial politics typical of Old World monkeyswith a
fission-fusionsocial systemsproducesa society the natureof which is more complex
than has yet been realised, and that this complexity requires chimpanzeeso use
advancedognitiveabilitiesin their day to day socialbehaviour.The cognitivedemands
of processingalliance strategiesin a fluid social environmentwill be advancedas a
possible selective pressure responsible for the evolution of the minds of the great apes.

This will requirethe useof varied statisticaltechniquesbringing methodsfrom other
areasof zoologicalresearchto bearon thesemostsingularof creaturesThe following
chapterprovidesa detailedintroductionto the study site and animals, explaining the
peculiaritiesof the site and the rational for a study of forestliving chimpanzeesand
Chapter3 coversthe generalmethodsapplicableto the rest of the volume, including
generalfield methods,data collection techniquesand the terminology and definitions
used.

Chapterst - 7 presentresultsof differentanalyseseachaddressing different aspect
of chimpanzeesociality. Eachchapterbeginswith a review of relevanttheory and past
work. In Chapter4 newideason theissuesof dominanceandsocialstatusareaddressed,
developinga new measureof social status,investigatingthe dynamicsof social status,
and the relationshipbetweensocial statusand affiliative interactions.Chapter5 is the
core of the thesis,and looks at associatiornpatterns testingthe ideathat theseare the
result of conscious, tactical, decisions, requiring an almost continual cognitive
processing.Chapter6 looks at the ecology of social behaviour,looking in depth at
ranging patterns,the spatial associationsof individuals, testing ideas about the very
natureof chimpanzeesociety.In Chapter7 decision-makingandthe selectionof dyadic
partnersare investigated,examiningthe internal structureof chimpanzeegroups,and
investigatingthe factorspredictingthe choiceof groomingpartnerdy meansof naturally
occurring choice experiments Chapter8 summarisegshe main findings and discusses
their implications for an understandingof the evolution of hominoid sociality and
cognition.



2.1
Chapter 2
STUDY SITE AND POPULATION

“In thesegreat wastesof forest, life...strugglesever upward towards the
light. Everyplant...tothe greensurface,twining itself round its strongerand
taller brethren. Of animal life there was no movementamid the majestic
vaulted aisles...butfar aboveour heads...thamultitudinousworld of snake
and monkey...looked down in wonder at...the obscure depths...below them”

A. Conan Doyle, The Lost World, 1912.

INTRODUCTION

Within their tropical niche, chimpanzeesre catholic in their choice of habitat, living
almostanywherefrom tropical forestthroughseasonatlorestandwoodland,to savannah
and bush country. They remain, however, dependenton tropical forest, requiring a
minimum of 1% by areaof their range(Kortlandt, 1983; Wrangham 1986). Despitethe
variation in habitat, most of what is known about chimpanzeesocial behaviourand
ecology is basedon chimpanzeediving in savannah-woodlandhosaics,specifically
GombeandMahaleNationalParksin TanzaniaAt aroundthe sametime thatthe studies
beganin the woodlandsof Gombeand Mahale,forestliving chimpanzeesvere being
studiedby Adriaan Kortlandt (1962) in what is now the PeoplesRepublic of Congo
(zaire), andby VernonandFrankieReynoldsin the BudongoForest,Uganda(Reynolds
and Reynolds, 1965). These studiesdid not develop into long-term investigations,
althoughin Budongothere were brief studiesby Y. Sugiyama(1968) and A. Suzuki
(1969, 1971)Civil unrestandwar during the 1970sand 1980sput an endto studiesin
Budongo, while data continued to flow from the Tanzanian sites.

From thesestudiesa consistentpicture of chimpanzeesocioecologyhas emerged.
Chimpanzeesrelarge bodied, predominantlyfrugivorous, African apes.Averagebody
weightsare 30kg for femalesand40kg for males(Reynolds1967;Parker,1990).Highly
social, chimpanzeedive in multi-male, multi-female groups (communities: Goodall,
1973)numberingirom 15to 105 (Nishida& Hiraiwa-Hasegaweal 987).The memberof
eachcommunity sharea commonhomerange,varying in size from 5-50kmz2in forest
(Reynolds & Reynolds, 1965; Wrangham, 1986; Chapman & Wrangham, 1993,
Yamagiwaet al., 1996),to over 300km2in opensavannalhabitats(Tutin et al., 1983).
This rangeis defendedcooperativelyby the malesof the community, againstsimilar
coalitions of malesin neighbouringcommunities(Goodall et al., 1979; Nishida &
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Hiraiwa-Hasegawa, 1987).

Within a community,femalesare generallysolitary, spending50%-80%o0f their time
aloneor with dependent dependeuiffspring (Halperin,1979).Femalesnature2-3 years
earlierthanmales,andtransferfrom their natalcommunitiesasadolescentssomeleave
only temporarily, returning after becomingpregnant(Pusey,1979). Femalesspendthe
majority of their time in small core areaswhich are thoughtto provide accesgo food
resources (Wrangham & Smuts, 1980; Pusey et al., 1997).

Males are more social, spending2%-54% of their time alone (Halperin, 1979), and
form the core of the society; they do not transfer, except perhapsas infants in the
companyof their mothers.As a resultfemalesare generally unrelatetio one another,
whilst malesare morecloselyrelated(Morin et al., 1993;but seeGagneuxet al., 1996).
Males are thoughtto rangefairly evenly acrossthe sharedhome range,defendingits
boundariesby meansof vocal advertisingand boundarypatrols, behaviourwhich is
conductedas a group (Wrangham,1979; Goodall, 1986). Hostile relationshipsbetween
neighbouringcommunitiescan escalateinto ‘warfare’, leadingto the exterminationof
communities (Goodall et al., 1979).

Foragingis thoughtto be opportunistic,andthe numberof speciesconsumeds large
(Wrangham,1977).Diets are highly variablefrom one populationgo the next, butin all
cases are dominated by ripe fruit (Reynolds & Reynolds, 1965; Hladik, 1977,
Wrangham,1977; Wranghamet al., 1996). Leavesare also an importantcomponentof
thediet. Up to 5% of foragingtime is spentcollectinginvertebrateand vertebrateprey.
Hunting of monkeysand other small mammalshasbeenobservedat both EastAfrican
and West African sites (Goodall, 1965; Boesch& Boesch,1989). Somechimpanzee
communitiesshow evidenceof cooperativehunting (Boesch,1994), and predationby
chimpanzeesanbe a major sourceof mortality for prey specieqStanford,1995).45%-
60% of the day is spentfeeding, usually in the early morning and late afternoon
(Wrangham,1975); duringthe middle of the day chimpanzeesest,eitheron the ground,
or in simple nestsconstructedn trees.More elaboratenestswhich function as sleeping
platforms are constructedat dusk (Goodall, 1986; see also Plumptre& Reynolds,in
press).

Chimpanzeesdive in a fission-fusion social system;individuals associatewith one
anotherin temporaryparties (Sugiyama,1968), the size and compositionof which is
highly variable. Most partiesare small and membersof a single communityrarely, if
ever, associateas a single group (Goodall, 1986). A loose dominancehierarchy is
pronouncedn males(Bygott, 1979),and presentbut lessobviousin females(Puseyet
al., 1997). Male chimpanzeesappearto be highly motivatedto acquire high status
(Goodall,1986).Alpha statusgivesdefinite reproductiveadvantagest leastin termsof
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access to females (Nishida, 1979, 1983).

Thefemale’smenstruatycle hasanaveragdengthof 34 days,andis characterisety
the waxing and waning of a large anogenitalswelling (Tutin & McGinnis, 1981,
Hasegawa% Hiraiwa-Hasegawal983). This swelling is at its maximum size for 6-7
days,during which femalesare highly attractiveto males.After ovulation,the swelling
decreasempidly (Goodall,1986). Mating is usuallypromiscuouswith malesshowinga
high degreeof toleranceof oneanotheralthoughtowardsthe endof the periodfor which
the femaleis ‘swollen’, competitionbetweemnmalesbecomesnoreintenseandthe alpha
malemay showpossessiveehaviournn anattemptto gainexclusiveaccesgo thefemale
(Tutin, 1979). Other malesmay attemptto sneakcopulationsunder theseconditions
(personal observation).An alternate strategy is for a male and female to form a
‘consortship’, during which they range apart from other membersof the community.
Suchbehaviouris more likely to provide exclusiveaccesgo the femalefor non-alpha
males (Tutin & McGinnis, 1981).

The sociability of malesis shownin their strongrelationshipsall studiesreporthigh
levelsof affiliative, primarily grooming,interactionsMalesform coalitionsandalliances
with one anotheras a competitive strategy(Wrangham,1986), and such alliancesare
importantin determiningand maintainingsocial status(Nishida, 1983; Goodall, 1986;
Ueharaet al., 1994). As a result, opportunitiesexist for individuals to manipulate
relationships to their own ends. Alliance partners sometimes show “allegiance
fickleness” (Nishida, 1983), switching supportfrom one competitorto another.Sucha
strategycanallow the supportingindividual to achievea higherlevel of matingsuccess
than would otherwise be the case (Nishida & Hiraiwa-Hasegawa, 1987).

Chimpanzeesise and manufacturea variety of tools. Stemsare cut to length and
strippedof leavesto form tools designedto extracttermites (primarily Macrotermes
spp), or to feedon aggressivalriver ants(Dorylusspp) (McGrew,1974,1992). Leaves
are crushedand crumpledto form a spongeto retrieve otherwiseinaccessiblewater
(Goodall, 1986; McGrew, 1992). Branchesare usedasweapongKortlandt, 1980),and
in West Africa, chimpanzeesise stonesas hammerand anvil in the cracking of nuts
(Sugiyama & Koman, 1979; Boesch & Boesch, 1983; Matsuzawa, 1996).

Details of chimpanzeeevolution are at bestonly sketchily known, althoughit must
have occurredduring the last five to eight million yearsin tropical Africa. This period
wascharacterisethy a drying of the climatein Africa, andthe resultantfragmentatiorof
the forestsof the Middle Miocene.It hasbeen suggestetiat chimpanzeegvolvedin a
mosaic habitat of semi-deciduoudorest, woodland, bush and savannah(Kortlandt,
1972),a suggestiorsupportedy analysisof morphologicatrendsin hominoidevolution
(Andrews & Martin, 1991). Increasinghabitat diversity will have led to increased
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competition for forest habitat and the resources therein.

In populationdocatedin areaswherefood availability dropped,with both decreasing
food patchsize,andincreasingdistancebetweenpatchesfemales(primarily) will have
beenforced,by virtue of largebody sizeandgeneraldietarydependencen fruit (Dunbar
1988a),to foragein smallerandsmallergroups(Wrangham,1979,1986),andthis led to
a State Shift (sensuFoley & Lee, 1989) in their social system,producingthat seen
amongstextant chimpanzeesConsiderationof competitionwith other ape and early
hominid specieswould suggesthat chimpanzeegvolvedto exploit a generalistforest-
frugivore niche.

To fully understandhe evolutionof the chimpanzeesocialsystem,andthe links with
thoseof early hominids,it is thusnecessaryo gatherdataon chimpanzeem a rangeof
habitats,representativeof the late Miocene and Plio-PleistocenePresentday tropical
forestsvary enormouslyfrom place to place and time to time, in structure,species
compositionandfood abundanceandthis variationis likely haveto beenastruein the
past. Thus what are neededare data on the ways in which habitat variation and
socioecology are interlinked.

To this endstudieswere startedin the Tai Forest,Cote D’lvoire by Boesch& Boesch
(1983) and by Tutin and FernandeZ1985)in the L6épe Reserve Gabon.More directly
comparabledatawith that producedfrom the woodlandsiteswas madeavailablewhen
studiesof the chimpanzees the Kibale Forestwereinitiated by Ghiglieri (1984),and
later Isabyre-Basut1988) and Wrangham(Wranghamet al., 1992). This remainedan
isolated and in some ways, atypical site (Wranghamet al., 1996), until studiesin
Budongowererestartedy the returnof ProfessoVernonReynoldsto the Forest. When
consideredn isolation,Budongois perhapso lessatypicalthanKibale, but it provides
the opportunityto collectcomparativedataon chimpanzeesvho aregeographicallyclose
to thosein Kibale, and until fairly recentlylikely to have beedinked by limited gene
flow. It alsoprovidesthe opportunityto investigatesomeof the claimsof earlierstudies.
With work on the chimpanzeesonductedaspartof anintegratedstudyof forestecology,
the effects of ecological variation on chimpanzeesocioecologycan be more clearly
elucidated.

THE STUDY SITE

The Budongo Forest Reserve
Description

The BudongoForestReservecoversan areaof 793km?2of grasslandand foreston the
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Figure 2.1. Map of Ugandashowingforestscontainingpopulationsof chimpanzeed.akes(other
than L. Victoria) are shaded.Murchison Falls National Park lies immediatelyto the north of
Budongo forest, and encompasses Rabongo forest.
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Figure 2.2. Map of Budongo Forest, showing primary forest types as determinedby aerial
photography in 1990. From Plumptre & Reynolds (1994), with permission.



STUDY SITE AND POPULATION 2.6

edgeof the Westernrift valley, nearLake Albert in WesternUganda(Fig. 2.1). 428km?2
of thereserves forested(Fig. 2.2), classifiedasmoist, mediumaltitude,semi-deciduous
tropical forest (Eggeling,1947; Howard, 1991). The forestis situatedbetweenlatitudes
1°35"and1°55" North, andlongitudes31°18" and 31°42" East,with an averagealtitude
of 1100m (3600ft.) (Eggeling, 1947). To the north and west of the forest, bush and
grasslandstretchto the edgeof therift. In the north,the grasslands contiguouswith the
Kabalegagamereserveand MurchisonFalls National Park, the largestnational park in
Uganda.

Rainfallis fairly predictableheavyandplentiful throughoutmostof the year,with the
exceptionof a three month dry seasonfrom mid Decemberto mid March. Suitably,
“budongo” translatedrom Lunyoro, the local languageas“mud”. A ‘short dry season’
of around4 weeksdurationoccursin the middle of the year, althoughperhapsmore
accuratelydescribedasan ‘inter-rains’, a periodof reducedainfall between twalefinite
wet seasonsPreciselywhen, and even if, it occurs, varies from year to year. No
ecologicalchangesare noticeableduring this period,in contrastto the true dry season
whenthe forestdries noticeably,manytreesdrop their leaves the forestbecomesnore
open,andfloodedareasof swampforestdry asriver levelsdrop considerablypersonal
observation).

The perhumidityindex, or Pl (Walsh,1992),summarisesainfall seasonalitydatainto
a singleindex in an attemptto measurethe “continuity of wetness”(Walsh, 1996). It
givesdifferentweightsto differentlevelsof rainfall anddiffering lengthsof dry season,
to allow for varying levels of soil moisture.The index canrangefrom -24 (all monthly
meandessthan50mm)to +24 (all monthly meansgreaterthan200 mm). Rain forestis
associateavith valuesrangingfrom 5 to 24 (Walsh,ibid). For the years1994 and 1995
BudongoforesthasPI valuesof 3 and4 respectivelyandthusis at the very boundary
betweenwet) seasonalorestandtrue rainforest.As way of comparisonannualrainfall
datafor the 1930’sand 1940's (Eggeling1947) appearin Table 2.1. Although at first
glanceit might seemthatthe climateis becomingdrier, it shouldbe notedthat Eggeling
presentdatashowingno trendin rainfall patternsdespiteconsiderableyearly variation
over the first 40 years of this century.

It is possibleto calculatePl valuesfor eachof the years1934to 1942 (Table 2.2).
Theseshow no cleartrend and vary from -¥2 to +9. Calculatinga value for the entire
period, using monthly meansover 10 years,gives a Pl of 4. Walsh (1996) notesthat
whenthe Pl is calculatedoveryears,asin thisinstancejt tendsto fall afew pointslower
than when calculated on a yearly basis.

Figure 2.3 showsdaily minimum and maximum temperaturesyecordedover three
yearsat the BudongoForestProjectfield station,plotted on a monthly basis.Minimum
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daily temperaturevaries less than maximum temperatureacrossthe year, though this
variation is statistically significant (Kruskal-Wallis analysis of variance: minimum
temperatureH = 104.05,df = 11, p < 0.0001;maximumtemperatureH = 529.87,df =
11, p < 0.000). Lowest minimum daily temperature®ccur in January/Februaryand
July-September.The difference between maximum and minimum temperaturesis
greatestbetweenDecemberand March. Togetherthesedatagive clear evidencefor a
single relatively arid dry seasonfalling betweenDecemberand March, where daily
temperature variation is greater than for the rest of the year.
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Figure 2.3. Maximum and minimum (shade)temperaturegor the Sonsoregion of the Budongo
ForestReserveplottedon a monthly basisfrom daily recordscollectedoverthreeyears,1993-1995.
Maximum temperatures show greater variation than do minimum temperatures.

Table 2.1. Meanannualrainfall recordsfor BudongoForestReserveBy geographicalocation,the
Sonsodataare mostcomparableo the 1945 ‘centre of forest’ record.Eggeling(1947),the source
for the earlier data, suggestedaverageannualrainfall was between1780 and 1900 mm over the
forest. In comparisonto the 1940'’s, the early 1990’s seema relatively dry period. Rainfall was
consistentlyhigh in 1994, with no ‘short dry season’(inter-rains).Eggeling’sBusingiro datawere
recordedoutsidethe forest, although close to the edge.

Collection site (date) Annual Rainfall
(mm)
Sonso (BFP) Research Station (1995) 1460
Sonso (BFP) Research Station (1994) 1601
Sonso (BFP) Research Station (1993) 1241
Busingiro (1945) 1414
Centre of Forest (1945) 1842

Busingiro (mean, 1933-1943) 1495 + 186
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Table 2.2. Annual rainfall and perhumidity valuesfor the period 1934 to 1942. Rainfall datafor
1934-1942collectedat Busingiro (from Eggeling,1947),with perhumidityindicescalculatedfrom
monthly data,following Walsh(1996).The perhumidityindex measureshe ‘continuity of wetness’,
with more continually wet habitats having higher Pl scores.

Year (1934-1942) 34 35 36 37 38 39 40 41 42
Annual Rainfall (mm) 1083 1728 1739 1602 1449 1429 1484 1411 1476
Perhumidity index o +6%  +9 +7Y% +1% +2 47 +1 +1Y%

A climate diagram (see Walter, 1985), combinesrainfall and temperaturedata to
distinguish'wet’, ‘drought’ and‘intermediate’months,andsodeterminehelocationand
extentof different seasons'Wet’ monthsare definedasthosewith more than 100 mm
precipitation,‘intermediate’ monthsas thosewith lessthan 100 mm precipitation,and
‘drought’ months as those where the rainfall plot falls below the temperatureplot.
Temperaturas plotted in degreescelsiusand rainfall in millimetres, with the rainfall
scalehalf that of temperaturescale.Sucha diagramconstructedor the Sonsoregion,
usingaveragevaluesfor the period1993-1995Fig. 2.4), showssevenwet’ months,one
‘intermediate’ month, and 3 ‘drought’ months.The presenceof a single dry seasons
clearlydemonstrated-igure 2.5 showssimilar profilesfor 1994and1995.The shortdry
seasons clearly thenonly an inter-rainsof varying aridity, and only a single true dry
seasonoccurs,centredon Januaryand February.In someyearsDecemberis dry and
March wet, in others the opposite situation occurs.

] Sonso Research Station (1100m) Figure 24. A Climate
400 — diagram constructed using
1993-1995
— monthly averagesfor the
period 1993 - 1995.
100 Temperature and rainfall
data were collected at the
Rainfall Temp. Budongo Forest Project
(°C) research station. Months
(mm) exceeding 100mm of rain
i 30 i . 4
are classified as ‘wet’, and
50 " 25
are shaded black. Months
20 where the rainfall plot falls
- 15

below the temperatureplot
areclassifiedasdry, andare
shaded grey.
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Figure 2.5. Climate diagramfor the years1994 and 1995, coveringthe period of this study.Dry
season months are shaded grey, wet season months shaded black.

Forest Structure

The forestis a mosaicof vegetationtypes, eachwith its characteristianix of species.
This is the result of both natural processesnd logging practices(seebelow). Terrain
within the forestitself is gently undulating,with generallylow broadhills separatedy
wide shallowvalleys,thoughsomeof the smallervalleysaresteepsided.W. J. Eggeling,
in his classicstudy of forestecologywhich hasformedthe basisof all subsequentvork
in Budongo (Eggeling, 1947), proposeda classification of four main forest types,
emphasisingwhat he distinguishedas natural successionand deliberately excluding
secondary forest.

Forestecology is, however,a highly dynamic process(Terborgh,1992; Richards,
1996),with a continuingturnoverof speciesLargeold treesfall to creategapsin which
the processof successiorcan occur, increasingthe mosaicnatureof the forest. Thus
secondaryforestandthe processof successiorare natural,internal, featuresof a living
forest(Richards,ibid). In addition, until the mid 1970’sthe forestwashometo a small
but significant number (1000-1500in the late 1960s;Laws et al., 1975) of African
elephantgLoxodontaafricanad which hada modifying influenceon the structureof the
forest. Theseanimalswerepartof alargerpopulationof around10,000animalsliving in
NorthernBunyoro.Thesefiguresmaywell have beeminderestimate@.awset. al., ibid).
The majority of the foresthasalsobeenexploitedat sometime or otherfor timber and
other forest products,and could todaybe describedas consistinglargely of areasof
‘secondary’ forest.
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Forest types

Eggeling’s(1947)classificationprovidesa convenienstartingpointin the descriptionof
the structureof the forest,andworks well at the level of coarsegrainedor large scaled
(for exampleforest-wide) comparisons(for example Plumptre et al., 1994; Howard,

1991).

The four basic forest types, defined by Eggeling, are:

1.

Swamp Forest,a possibleedaphicclimax (Eggeling, 1947), found along the
permanentndseasonastreamslt is the leastcommonforesttype (Plumptre&

Reynolds, 1994). Dominant species include Raphia farinifera, Mitragyna
stipulosa and Pseudospondiamicrocarpa (Synnott, 1985). Woody lianas are
highly abundantin swampforest. Swampforestis seasonallyinundated,and
differs dependingon whether or not water is permanentlypresent(personal
observation)lt invariably containgslandsof slightly higherground,uponwhich
species more typical of other forest types are found.

ColonisingForest.This is dominatedby Maesopsieminii, Cordia millenii, and

Diospyros abyssinica Eggeling describestwo forms, Maesopsisforest, and

Woodland, where M. eminii is absentor scarce.Foundin large blocks only

aroundthe edgeof the forest, the dynamicsof forestsuccessiomesultin small

patchesof M. eminiior C. millenii dominatedcolonising)forestdeepwithin the

heartof the forest. Small herbaceouslimbers,andtaller non-woodyclimbers
are common, though woody lianas are rare (Maesopsisforest) or absent
(woodland).

Mixed Forest.The singlemostcommonforesttype (Eggeling,1947; Plumptre&
Reynolds,1994), it is also the leastclearly differentiated.It is dominatedby
Celtis mildbraedii Celtis zenkerj Khayaanthotheca Chrysophyllumalbidium,
and Funtumiaelastica Woody lianasare mostabundantin mixed forest, with
other types of climbers less common.

Ironwood (Cynometra Forest. Eggeling suggeststhis representghe climatic
climax, with Cynometraalexandriidominating forming over 75% of the canopy
(Eggeling 1947). Lasiodiscusmildbraedii is the dominant understoreytree.
Fewertree speciesare found in this foresttype thanin others.Climbersof all
typesare lessabundantin the climax forest than elsewherethough sometall
non-woody climbers are present,and some woody lianas do occur, usually
clustered about the oldest ironwoods.
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Diversity within a foresttype variesacrossthe forest, decreasingrom westto east,
with moreC. alexandriitowardsthe eastof the forest(Plumptre,1996).Eggeling(1947)
also recordsecotonesbetweencolonising and mixed forest, and betweenmixed and
ironwood forest, thesethree forest typesand two ecotonesbeing the stagesof natural
forest succession.

Management (Logging) History

Budongo Forest servesas the primary timber production forest in Uganda. It was
gazettedbetween1932and 1939 by the British colonial administration(Howard,1991),
andproducedimber on a sustainabléasisfrom the mid 1920’suntil the 1970’s. Today
the sawmillsarelargely defunctbut illegal timber extraction(pit-sawing)continuesand

is @ major problem—both economically and ecologically—in many areas of the forest.

The UgandanForestDepartment’sintention was to managethe forestto producea
sustainablegield of timber,to which endvarioustechniquesvereused.Favouredimber
species included E. angolense E. cyclindricum E. utile, K. anthotheca Looa
trichiliodes, and Milicia excellsa and it was thoughtthat thesewere excludedby the
monodominantclimax species,C. alexandrii The prime focus of managemenpolicy
was thereforeto reducethe areaof climax forestin favour of the timber-rich mixed
forest, which could then be sustainably logged.

Initially all old timber treeswere removed,with the aim of subsequentljharvesting
after 80 years,andthereaftereveryforty years.However,by the 1950’sit wasrealised
thatgrowthrates,combinedwith damagecausedy logging operationsnadethis scheme
impractical, and modifications were introduced.

To encourageegeneratiorof mahogoniegKhaya anthotheca& Entandrophragma
spp) replantingwas attempted Arboricide was usedto poisonnon marketable*'weed”
species,particularly the ironwood Cynometra,to open up the canopy, favouring the
regeneratingnahogoniesandencouraginghe developmenbf mixed forest. Plantingof
mahogoniexeasedvhenit wasfound naturalregeneratiorwasaseffective at replacing
felled trees (Plumptre et al., 1994). Despite the continued slaughterof elephantsin
Bunyoro from the nineteenthcentury onward,a schemeto eliminate large numbersof
elephantwas instigatedin the 1950’s (Laws et al., 1975), as they were suspectedf
damaging valuable timber trees, and favouring the development of ironwood
(Cynometraforest.

Compartments

The UgandaForestDepartmendivided the forestinto 47 compartmentsmany of which
have beenoggedat leastonce.Selectivelogging was conductedon a compartmenty
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compartmenbasisand as eachcompartmentvas treatedas a unit, eachhasa unique
logging history. At leasttwo compartmentsvere neverlogged, one of which was set
asideasa naturereserve Recordswerekeptdetailinglogging dates treatmentsisedand
guantitiesof timber extractedfor eachcompartmentMany of thesesurvivedUganda’s
civil wars, and are summarised in Plumptre (1996).

Current situation

Analysis of presentday speciescomposition(Plumptreet al., 1994; Plumptre, 1996)
indicatesthat arboricidetreatmentfailed to havethe desiredeffect, and althoughthere
has been a significant increasein the areaof mixed forest, the changein species
compositionhas not beenpredictable.The main effect of the logging wasto alter the
structureof the forest, with unloggedareashaving larger treesand more contiguous
canopy. Loggedcompartmentswhich differed initially in their speciescomposition,
were loggedat different timeswith varying quantitiesof timber extractedand different
arboricidetreatmentsused. This hasresultedin a complicatedmosaicof habitattypes
(Reynolds, 1992; Plumptre et al., 1994).

The elimination of the migratory elephantherdsis likely to have had an impacton
forest ecology, but Plumptre et al. (1994) found no evidencethat elephantshad
encouragedthe formation of the climax Cynometraforest. Aside from damageto
regeneratingaplingsiit is likely thatthe elephantgposedno significantthreatto timber
exploitation; certainly less than the illegal and uncontrolled pit-sawing.

As the timber mills have fallen into a state of disrepair, unable to compete
economically with pit-sawing, attemptshave beenmade to control the pit-sawing.
Logging concessionkave beemssuedbut it remainsdifficult to enforceregulationsand
given the immensereturns from even a single mature mahogany,the future for
sustainabldogging looks bleakindeed.The intensepressureon the forestfor mahogany
threatendo strip all the valuabletimber from the forest,with the concomitantdamageo
forestecology.With no enforcedminimumdiametedimit to treesfelled, or protectionof
largeseedtrees,illegal timberextractionthreatengo destroythe valueof Budongoasan
economic—and ecological—resource.This squanderingof mahogany reservesis
damagingo the Ugandaneconomy andthreaten®ne of the key reasondor the forest’s
continued protection.

Only the presencef the BudongoForestProject(seebelow) with its designatedtudy
areashasdiscouragedheillegal loggers(personabbservation)For theremainderof the
forest, onlya massivanvestmeniof men,time andmoneyby the forestdepartmentyvill
help protectthe timber stocksfor future utilisation. An alternativewould be for the forest
to be put underthe auspicesf the new UgandawWildlife Authority, mergingit with the
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contiguousareasof the KabalegaGame Reserveand Murchison Falls National Park
which stretchfrom the Northernedgeof the forestto beyondthe Albert Nile. This option
would createan enormousprotectedareato rival thosein other areasof Africa, large
enoughto supporta combinationof uses,such as tourism, logging and low-level
(traditional) hunting. This would be possiblewithout moving anylocal people,andcould
directly involve thoseliving aroundthereserven therunningof associategrojects,asis
currently being implemented at two chimpanzee tourist sites established within Budongo.

Fauna

The forestis rich in faunaaswell as flora, much of which remainsuncataloguednd
unstudied Five speciesof diurnal primatesharethe forestwith an unknownnumberof

nocturnalspecieschimpanzeesplive baboongPapio cynocephalusnubig, black and
white colobus(Colobusguerezg, red-tailedmonkeys(Cercopithecusascaniu¥ andblue
monkeys(C. mitis). Unlike Kibale forestthereare no red colobus(Colobusbadiug or

mangabeys (Cercocebus albigeng. Other large mammals include bushbuck
(Tragelaphusscriptug, red duiker (Cephalophusatalensi$, blue duiker (C. monticolg

and bushpigRotamochoerus porcis

Buffalo (Synceroscaffer) still wandersouththroughthe forestfrom the grasslandso
the North asthe dry seasorapproachesalthoughthereare no longerany elephantsthe
fraction that survivedthe civil warsarenow confinedto MurchisonFalls National Park.
Lions (Pantheraleo) continueto be sightedin the northernmostpartsof theforest,andit
seemdikely thatleopardgqP. pardug arealsopresentBoth areknownto be chimpanzee
predators(Tsukahara1993; Boesch,1991b)althoughno evidenceof eitherwas found
within the study community’s range. Genets(Genettagenetta and civets (Civettictis
civettg were presentand amongthe smallermammalsat leastsix speciesof squirrel,
flying squirrels(Anomalurussp) andnumerougodents,ncluding giantelephantshrews
(Rhynchocyon curnki

The forestis hometo hugediversity of bird speciesncluding the long-crestechawk
eagle (Lophaetusoccipitalis) and the crownedhawk eagle (Stephanoaetusoronatu$
which preysalmostexclusivelyon guenonsA multitude of lizards, skinks and geckos
live in andaroundthe forest,asdo manysnakesjncluding someof the mostpoisonous
speciedan Africa: Gaboonviper, puff adder,rhinocerosviper, andJameson’snamba,as
well asenormouspythons(Pythonsebag. Invertebratdife is ubiquitous,rangingfrom

beautiful butterflies, to the unpleasant biting flies and mosquitos.



STUDY SITE AND POPULATION  2.14

The Sonso Region

The Sonsoregion of Budongowas chosenas the study site, as it was here that the
BudongoForestProjecthad beenestablishedand habituationof chimpanzeenitiated
(seeChapter3). The BudongoForestProjectresearctstationis situatedatopa small hill

in the largeclearingsurroundingthe largely defunctSonsosawmill. This is closeto the
centreof compartmentN(Nyakafunjo)3,selectivelyloggedbetweenl947and1952.The
forest immediately surroundingthe camp is classified as Mixed-Exploited (Uganda
ForestDepartmentunpublished)after EQgeling(1947).In comparisorwith the nearby
compartmeniN15, setasideasa naturereserveandneverlogged,N3 could be described

as secondary forest although, as discussed above, this label is somewhat misleading.

The Budongo Forest Project

Initiated by Dr. V. Reynolds,and startingin 1990 with Jane Goodall Institute (JGI)
funding for Chris Bakuneetao studythe impactof logging on chimpanzeecology,the
BudongoForestProjectformally beganin 1991 with the awardof National Geographic
Society funding for the continued habituation and study of the chimpanzeesand
OverseasDevelopmentAdministration (ODA) funding to assessboth the effects of
logging practiceon forestecology,andthe importanceof frugivorousprimatesto forest
regeneratior(Reynolds,1992), this work being orchestratedy Dr. A. J. Plumptre,co-
director of the project from 1992-1997, who developed detailed ecological studies.

With moneyfrom USAID, the BudongoForestProjectestablishedheresearchstation
within the forest, and has deliberately attemptedto provide training and research
opportunitiesfor both Ugandanand foreign researchersin addition, it hasprovideda
sourceof secureemploymentfor aroundthirty local Ugandansprimarily as transect
cuttersandfield assistantsA stringentrequiremenbf the projectis thatall prospective
field assistantde educatedo a minimum of ‘O’ level standardandthis hasensureda
generallyhigh quality of staff, who aretrainedto a high level of competencyn a variety
of skills, including the identification of forest treesand observationaltechniquesfor
collecting dataon forest primates.The Projecthasalso aidedin the implementationof
chimpanzee-focused tourism within the forest, providing training for the tourist guides.

The BudongoForestProjecthasprovideda foundationfor the integratedstudy of many
aspectf forestecology,with A. J. Plumptre’sstudiesforming a corelinking the more
disparate studies undertaken by both Master’'s and Doctoral students.

The Trail System

In eachof eight compartmentsincluding N3 and N15, five transectsof at leasttwo
kilometersin length were cut for censuswork (Plumptreet al., 1994), and thesehave
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become the framework for trail systemswhich now exist in four of the eight
compartments;utto providerapid accesshroughtheforest,andto enableresearcherto
know their own positionin relationto the researctcamp.Iln addition,the systemof trails
aidsin systematicstudyof rangingandhabitatuse.In two of the compartmentsKaniyo-
Pabidi [an agglomerationof three forest departmentcompartmentsKP(11-13)], and
Busingiro [Biiso (B4)], the trail systemshave beerestablishedo aid habituationof
chimpanzeedor viewing by tourists.In N3 and N15 the trail systemsserveprimarily
research interests, and are connected by two of the original transects.

Figure 2.6. Trail systemin the Sonso
region of the Budongo Forest.

%%%!-’EH-H E Additional trails ran to the west,
‘|I====== connecting this system with one in
ii===ii==. compartmentN15. Trails were mapped
=====-l.. by pacingon compasdearing.Mapping
ii'i- was conducted primarily by C.
==== Fairgreave and G. Muhumuza.
==== ,,,,,,,, Unmapped trails are shown in their
=.l! 250m estimated positions.

—— Mapped
------ Unmapped

A Field Station

The trail systemin N3 consistsof north-southand east-westrails which intersectto
give ‘blocks’, ideally measuringlOOmby 100m(Fig. 2.6). Practicaldifficulties, suchas
encounteringa small korongo(valley), or a patchof densethorn-rich or swampforest,
when cutting trails, led to deviationsfrom the true compasdearing,and somewhatess
than straighttrails. Deficienciesin compasause,particularly the following of east-west
bearings,amongstthe transectcutters,further complicatedthe issue.As a result, block
areasvary fairly widely (Fig. 2.6). To the eastthetrail systemis bisectedoy the Waibira
road,alogging roadwhich runsthe width of the forest,linking to severalothersuchdirt
trackswithin the body of the forest. Numerousother minor trails also run throughthe
forest,maintainedonly by repeatedise.Many of thesearetemporarytrails usedby pit-
sawyerswhen removingmahoganycut into planksin situ, from the forest. Otherwell
worn trails meanderingthrough the forest are ‘game’ trails, forming an unmapped
network used extensively by the chimpanzees.
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Levels of Disturbance

Theareaimmediatelyadjacento the sawmill clearingwasusedby peoplescavengindgor
firewood, althoughfew peopleventureddeepeiinto the forest.ExceptionsvereBudongo
ForestProjectemployeesand poachersThe latter would venturedeepinto the forestto
setwire snaresof varyingdegree®f elaborationaimedat catching(illegally) duikerand
bushpig. Unfortunately,the snareswould occasionallycatch, maim, and possibly kill
chimpanzees.

Pit-Sawing

A further sourceof disturbancewere the aforementionedit-sawyers.Pit-sawingis a
techniquefor extractingtimberfrom aforestwhich producesut planksat the site of tree
felling. As suchit doesnot require a large investmentin milling equipmentor the
constructionof logging roads,and avoidsthe damageassociatedvith the draggingof
entiretreesfrom the forest. It is highly intensivein termsof man-powerandbecausef
the minimal capitalinvestmentandthe low wagelevels, producedar larger profits than
would milling thetimber, despitethefactit is highly wasteful.A far higherproportionof
timber is rejected,or simply not used:treesarefelled abovethe buttressesand knotted
timberinterfereswith the sawinginto planks.As aresult,it is aform of timberextraction
with which the sawmills cannot compete.

Oncethe tree hasbeenfelled, a long shallow pit is excavatedand over it, a frame
erected.The trunk, cut into long sectionsjs thenrolled onto the frame,and markedfor
sawing. Two-man, hand held saws are usedto slice the trunk into planks, one man
standingin the pit beneatrthe trunk, the otheron the trunk itself (personabbservation).
Pit-Sawing has beenillegal in Uganda,althoughrecently efforts have beermadeto
licensecertain pit-sawyers,and so generallyuncontrolled.Any valuabletimber tree is
liable to be felled, without thoughtto managementor the future, and thus pit-sawing
responsible for widespread ecological damage.

Forestry Training

Occasionaldisturbanceto the day to day life of the forestwould be causedby Forest
Departmentofficials checkingon researchplots, and trainee Forest Officers on field
courses;although neither seemedto seriously disturb the chimpanzeesthey could
conceivably have affected their range use patterns.

In the main, the only humana chimpanzeeavould encountelin the forest, particularly
when more than 200-300 metresfrom the clearing, would be a researcheror field
assistant.
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CHIMPANZEES OF BUDONGO

The chimpanzee®f the BudongoForestare membersof the subspecie®f Easternor
long-haired chimpanzeeqP. t. schweinfurthi), the sameas found in Kibale Forest
National Park, Uganda,and in the Gombe and Mahale Mountains National Parks,
Tanzania. Budongo’s chimpanzeeswere first studied in the 1960s (Reynolds and
Reynolds, 1965; Sugiyama, 1968; Suzuki, 1971).

Study Community

The study community consistedof 38 known, named,and individually recognisable
individualsat the beginningof the study,a femaleandherinfant beingthe mostrecentof
a handful of individualsto disappearsincethe BudongoForestProjectbegan,most of
whom were old and presumablydied. The community is generallyreferredto as the
Sonsocommunity,namedafter the river which flows throughpart of their range. Table
2.3 givesa breakdowrof the studycommunityby ageandsex.Table2.4 givesa detailed
breakdown providing names and identity codes for each individual.

Table 2.3. Age/sexclassificationof the Sonsocommunity of chimpanzees* Threeinfants were
born during the course of the study, one of which remained unsexed and is not included here.

Numbers (by sex)

Initial (8.94) Final (12.95)
Age class Male Female Male Female
Adult 12 10 12 14
Adolescent 3 4 4 2
Juvenile 2 1 2 4
Infant* 4 3 5 2

Communitysizeroseto 46, including infants, by the end of the study. Threeinfants
(Kwezi, Bahati & Kalu) were born to named females (Kwera, Kalema & Zang
respectively),and an adolescentor young adult, female (Mukwang returnedto the
community after an absenceof over a year. Two other femalesof similar age (Sara&
Jang joined the community,anda maturefemale(Mamg, who mayhave beemanging
more peripherally was recognisedand named, together with her juvenile daughter
(Mhara). In addition, a previously unknown juvenile male (Nik) was recognisedand
named; possibly he was the newly independent son of an unhabituated peripheral female.

At leasttwo very poorly habituatecadultfemalesa dependenjuvenile,andaninfant,
were seenfeedingdeepwithin the study community’srange,and associatingpeaceably
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Table 2.4. Community breakdownfor habituatedchimpanzee®f the Sonsocommunity, August
1994 to December 1995. *= female with one or more known offspring. = dependent individuals

Name (mother) ID code Name (mother) 1D code
Adult males Adult females
Magosi MG Kutu* KU
Kikunku KK Kigere* KG
Maani MA Zana* ZA
Bwoya BY Ruda* RD
Muga MU Ruhara* RH
Nkojo NJ Zimba* M
Tinka TK Nambi* NB
Duane DN Banura* BN
Vernon VN Kalema* KL
Jambo IM Kwera* KW
Black BK Mama* MM
Chris CH Jane JN
Mukwano MK
Sara SR
Adolescent males Adolescent females
Late
Zesta ZT Kewaya KY
Early Salama SL
Andy AY
Zefa ZF
Nik NK
Juvenile males Juvenile females
Gashom GS Vita VT
Bwoba (ZA) BB Gonza (ZM)t Gz
Jake JK Shida (BN)T SH

Muhara (MM)* MH

Infant males Infant females
Kadogo (KG)t KD Grinta (RH)T GT
Kato (KU)t KT Bahati (KL)T BH
Musa (NB)t MS
Bob (RD)* BO Unsexed infant

Kwezi (KW)T Kz Zalu (ZA)t ZL
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with known community members.These | considerto be membersof the study
community,althoughuntil they are recognisecand named,they are not includedin the
figure for community sizeA singlejuvenile male(Jakg appearedafterthe studystarted,
butthendisappearediVhetherthevictim of a predatoror snare or whetherhereturnedo
his mother, is unknown.

Sampled I ndividuals

The studyfocusedon all twelve of the adult males,eachof whom were subjectsfor the
entire durationof the study, and three adolescentnales—ondate adolescentand two
young adolescentmales—whowere incorporatedinto particular aspectsof the study.
Theseadolescentsould not be consistentlyfollowed, tendingto be nervouswhenalone,
and thus were excluded from the list of potential focal subjects.

Although noneof the individualsreacheda level of habituationto rival that foundin
GombeNational Park,all subjectanimalswere sufficiently tolerantof humansto permit
30 minutefocal samplegseeChapter3) during 1995,andall saveTinka (TK) duringthe
last quarter of 1994. Two of the lowest ranking individuals [TK and Muga (MU)]
remained nervous when alone, particularly when compared to the other males.

Other Communities

Currentestimatesof the numberof chimpanzeesn the BudongoForestReserverange
from 675 to 2046, dependingon the method used (Plumptre & Reynolds, 1996).
Estimatesbasedon nestcountsvary from 675 to 890. The larger figures come from
visual sightingsalongtransectswhich gavea meannumberof 1066, but with very poor
confidencelimits, from 556 to 2046 individuals. When correctedfor the proportion of
individuals who do not constructnests(17.5%), and for proportion of nestsreused,
estimatesbasedon ‘standing crop’ nestcountsgive figures of 906 or 950 individuals
(Plumptre & Reynoldspid).

Thusit seemshe total populationis closeto 1000individuals,althoughprobablynot
more. Interestingly,this is closeto the meanestimategiven by Plumptreand Reynolds
(ibid) for visual sightings.

Assumingan averagecommunitysize of fifty, a populationof a thousandndividuals
would divide into twenty distinct communities.At presentthereis no information on
whetherthe populationis expanding stableor contracting Likewise thereis no evidence
asto whetherthe forestis inhabiteduniformly by chimpanzeespr how densityvaries
from areato area.With the mosaicnatureof theforest,it seemdikely thatdensitiesvary,
with productive areas supporting more chimpanzees.
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At leasttwo communitiesof unhabituatecchimpanzeesre thoughtto inhabit forest
adjacentto the rangeusedby the study community,andtheremay be as manyasfour.
Two thathave beenentativelyidentified arethe NatureReserve (N15¢ommunity,and
the KasenendHill (Waibira) community.Unhabituatec&chimpanzeebave beemothseen
and heardin theseareas,andthe locationsof sightingsmeshfairly well with observed
‘patrolling’ behaviour by the study community’s males.

N15 lies to the westof the Sonsocommunitiesrange,and may in fact be utilised by
two distinct communitiesof chimpanzeesConsistingof Cynometraand Cynometra
mixed forest,food supplyis thoughtto be moreseasonathanin true mixedforest,andit
seemdikely thatchimpanzeesccupyingthis areawould haveto rangemorewidely into
otherpartsof theforest.Kasenendill lies to the north-eastin the Waibira sectionof the
forest. Unhabituatecchimpanzeesiave beerobservedn the extremenorth-eastof the
trail system, and so have been tentatively labelled as the Kasenene Hill community.

Two more distant communitieshave beendentified, and some of their members
individually recognised.In each casethis is being done primarily to facilitate (eco)
tourism, althoughas the chimpanzeedecomemore habituated opportunitieswill arise
for researchBoth communitiedive in adifferentmix of foresttypesthandoesthe Sonso
community,andthe possibilitiesof ecologicalcomparisorbetweemmemberof the same
population are exciting.

Thesetwo areasare Kaniyo-Pabidi,and Busingiro. The Busingirocommunitylives in
the areain which the earlystudiesof Budongochimpanzeesvere conductedReynolds
& Reynolds,1965; Sugiyama,1968; Suzuki, 1969), further to the westthanthe Nature
Reservecommunity. There may only be one community betweenthe Busingiro and
Sonsocommunitiesandsothereis potentialfor geneflow betweerthem.Early evidence
from dunganalysisindicatesthatthe Busingiromay be more carnivorousthatthe Sonso
chimpanzees (A. J. Plumptre, personal communication), at least at present.

The Kaniyo-Pabidi community live in the extreme northeastof the forest, in an
unloggedoutlier of forest,althoughthey alsorangeinto the mainbody of Budongo.This
area is frequentedby lions, who have elsewherebeen shown to be predatorsof
chimpanzee¢Tsukaharal993).In additiontherearereportsthatthe chimpanzeesiake
more elaborate use of leaves as tools than in Sonso.

Early Studies of Budongo Chimpanzees

Early work on forestliving chimpanzeesuggestedhat differencesexistedin behaviour
whencomparedo the woodlandpopulationsof GombeandMahale.Most notably,these
includeda lesspronouncederritoriality, andgenerallymorerelaxedsocialrelationships.
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Much of this early work was conductedn BudongoForest,Uganda Latterly, long-term
projectsin the Tai (Boesch,1991, 1996) and Kibale Forests(Wranghamet al., 1996)
have castdoubt upon someof the earlier conclusionsconcerningforest chimpanzees,
althoughconfirming differenceswith otherhabitatsdid exist,aschimpanzeesopedwith
different food sourcesand differing habitat structures.To date,however,no direct re-
evaluation has been made of the early claims for the chimpanzees of Budongo.

Neitherthe studyby ReynoldsandReynolds(ibid) nor thoseby Sugiyama1968)and
Suzuki(1971),found any evidenceof the termitefishing reportedoy Goodall (1965),or
tool use other than two instancesof a twig with leavesusedto fan away flies, and
branchesthrown from the treesas a threatto humanobservers(Sugiyama,1969). In
addition, only Suzuki (1971) found evidenceof predationby chimpanzeesn other
primates,at a much lower rate than at other sites. As a result, the importanceof a
savannah-woodlanénvironmentfor the evolution of tool-use and hunting has been
emphasised.

ReynoldsandReynolds(1965)failed to find any evidenceof a dominancehierarchyin
Budongochimpanzeesand emphasisedhe flexibility of chimpanzeessociationsThe
generally peaceful nature of chimpanzeesin Budongo reported by Reynolds and
Reynolds(ibid) hasbeenusedto arguethat provisioningof study animalsat other sites
distortedtheir behaviourfPower,1991).This seemsunlikely, however,asprovisioningis
thoughtto havehadlittle effect on the behaviourof the chimpanzeesparticularlyaway
from the feeding area(Wrangham& Smuts,1980). In addition, the first evidenceof
infanticidal behaviourby male chimpanzeesa behaviourarguedby Power(1991)to be
produced by artificial provisioning, came from the Budongo Forest (Suzuki, 1971).

Observationgnadeduring this study, however,suggesthat huntingis morecommon
in Budongothan suggestedy theseearly studies,and that infanticide also continues,
with two instances observed within a period of six months.

Tool useis alsoafairly regularoccurrenceThe mostcommonlyseentool-useby male
chimpanzee®f the Sonsocommunitywas the leaf-spongeusedto extractwater from
otherwiseinaccessiblecavitiesin tree boles. Amongsttools that were not deliberately
constructedbranchesvereoftenusedto enhanceheimpactof maledisplays,andmales
would frequentlyshakebranchesat’ femaleswith whom they wishedto copulate.The
chimpanzeeslo not needto usetools to extractthe Cubitermegermiteson which they
feed,asthe moundsare easily brokenby chimpanzeéands.On one occasiona female
was observed to incorporate a leaf into play with her infant.

In contrastto prevailing ideas of chimpanzeesocial organisation,Reynolds and
Reynolds(1965) did makethe perceptivecommentthat the ‘instability’ of chimpanzee
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groupshad beenexaggeratedsuggestingnsteadthat the social organisationpossessed
by chimpanzeesvas“so highly developedhatit canpersistin the absencef immediate
visual confirmation”. Reynolds& Reynolds(ibid) also noted that femaleshabitually
occupiedsmallerareasthan males,andthat rangingpatternswere influencedby spatial
distribution of fruiting trees.

Oneof the mostexceptionabbservationgnadeby Reynoldsand Reynolds(ibid) was
of the prolongedboutsof hooting and drumming,which they termed‘carnivals’. They
suggesthesemay be relatedto the meetingof “bandsthat may have beerrelatively
unfamiliar with each other”.

Thesehavenot beenreportedin otherstudiesandmay have beertthe resultof unique
ecologicalcircumstancesReynoldsand Reynolds(ibid) conductedtheir study at time
when intensivelogging operationswere underwayelsewheren the forest which may
haveforced chimpanzee®ut of theseareas.An increasen local populationdensityis
likely to have beerthe result, explaining the Reynolds’ relatively high estimatefor
population density. Under these circumstances individuals from neighbouring
communities were forced into using some of the same food resources.

These ‘carnivals’ may in fact have beenencountersbetweenlarge parties from
differentcommunitiesconvergingindependenthon the samefood source In the depths
of Budongo,two ‘bands’ of quietly moving individuals would eachbe unawareof the
other'spresenceuntil very close,andthe resultwould be animmediatecontestover the
resourcean gquestion,andthe range-space which it occurred.Sucha contestwould be
highly vocal and involve many displays and associated buttress drumming.
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Chapter 3
GENERAL METHODOLOGY

“the natural habitat...whereobserving,recording and analysing take the
placeof contrivedtesting...wherghe only experimentsre nature’sown, and
only time—eventually—may replicate them”.

J. Goodall, The Chimpanzees of Gombe, 1986.

INTRODUCTION

This chapterprovidesan introductionto the methodsusedduring fieldwork. Specific
methodologiesand analysis techniques are detailed in the appropriate chapters.
Fieldworkwasconductedrom August1994until Decemberl 996,duringwhich periodl
spenta total of 14 monthsin thefield. Thefirst two monthswere spenthabituating(see
below) the study group, and refining methodology.Data collection beganin October
1994, and continuedthroughto Decemberl 995, with my field assistantollecting data
while | was absentfrom the site. The chimpanzeesvere observedor more than 1400
hours, with systematic data collection accounting for 1365 hours of observation.

Habituation

In classicallearning theory, habituationis the processof non-associativdearning by
which aresponséo a repeatedlypresentedgtimulusdeclinesovertime until theresponse
is extinguishedMcFarland,1985). The subjectcan be saidto be fully habituatedvhen
further presentatiorof the stimulusevokesno responseThe animallearnsthat it need
not respond to the stimulus, since it is not followed by any reinforcement.

In naturalisticbehaviouralstudies,the term is usedto refer to the responseof the
subjectanimal(s)to the observerlnitially the subjectsaregenerallyfearful andflee, but
after continuedexposureto the observerthis responsediminishesuntil the subjects
generallyignore the presenceof the observer,and engagein ‘normal’ behaviour.A
critical assumptiorof all observationastudiesis thatthe presencef the observerexerts
only a minimal influence on the behaviourof the subjects,suchthat, given a state of
completehabituation behaviourperformedin the presencef the observelis that which
would occur in identical situationswith the observerabsent.It would be extremely
difficult, if not impossible,to test this assumption,and so it remainsa primarily
philosophicalissue.The observemmustrely on subjectiveimpressiongo minimise any
influence their presence has on the subject’s behaviour.
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Initial Stages

Work to habituatethe chimpanzee# the Sonsoregion of the BudongoForestReserve
beganin 1990. This was conductedby Mr. C. Bakuneetaand others, most notably
Zephyr T. Kwede and GeresomuMuhumuza,and was done by searchingthroughthe
forestfor chimpanzeesprimarily by listeningfor calls—theloud ‘pant-hoots’(Goodall,
1968)—andsecondarilyby visiting fruiting treeswhich the chimpanzeesvere suspected
or known to frequent.No effort was madeto hide from the chimpanzeesndthe field
assistantsvould talk amongsthemselveshabituatingthe chimpanzeeso the soundsof
their voices.This processcontinuedwith the foundingof the BudongoForestProjectin
1991.

Initially attemptswere madeto habituatechimpanzeesuspectedo be membersof
two communities,one inhabitinglogged, the otherunlogged,forest. Progresswith the
latergroupwasvery slow andeventuallyabandonedlhe chimpanzees theloggedarea
proved more amenable,and habituation proceededrapidly, perhapsdue to the high
densityof food trees inthis particulararea.By Augustof 1994 the chimpanzeesvere
partially habituatedto the extentthat they would toleratehumanobserversvhile in the
trees butwould rapidly seekto avoid contactwhenon theground.It wasthuspossibleto
observechimpanzeesn trees,but noton the ground. Attemptsto follow chimpanzees
along the ground were generally fruitless, lasting a matter of minutes at best.

Later Work

Arriving in August1994,I decidedto intensify the efforts to habituatethe chimpanzees
which rangedin the areaaroundthe researclcamp.After morethanfour yearsthe field
assistant®iadbecomeaccustomedo watchingthe chimpanzees thetrees,and hadot
been encouraged to pursue them on the ground. | gave them that encouragement.

Togetherwith my field assistantGeresomuMuhumuza,l attemptedto follow the
chimpanzeesvhereverthey went, ratherthanusingonly the systemof cut trails, andnot
to ‘back off’ shouldthe chimpanzeesappeamervousof beingfollowed. | reasonedhat
the only way to habituatethe chimpanzeeso observerdollowing them on the ground
wasto do justthat,andto continuallypushthelimits of the chimpanzeestolerance Any
chimpanzeeseriouslyworried by theseefforts wasableto escapan a matterof seconds
with a sharpburstof speedandinitially, manydid so. We did not, therefore placethe
animalsin a positionfrom which they could not escapeTheywerecontinuallypresented
with a choice:toleratethe presenceof observersor depart,with only the minimum of
effort.

This strategyvery rapidly beganto pay dividends,with first the largermales,andlater
thesmallermalesceasingn their attemptgo avoid pursuit.After only two monthsof this
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regime,l concludedall adultmalesto be sufficiently habituatedo permitthe recording
of data.Habituationto humanobserversontinuedthroughoutthe study period,and so
data collected later in the study is more reliable than that collected earlier. For this
reason,certain analysesuse only data collectedduring 1995. For much of the study
periodit remainedvery difficult to follow lone females,althoughthey remainedrelaxed
when arboreal, or when in the company of males.

DATA COLLECTION

Observation M ethods

Chimpanzeesvere locatedby a combinationof methods.Searchingfor chimpanzees
would begin soon after dawn, and continue for a variable number of hours. If no
chimpanzeeswere found in the morning (after around four hours searching),or if
chimpanzeeshad been sighted but lost, a secondsearchwould be instigatedin the
afternoon.Listening for calls was a prime methodfor locating chimpanzeesbut this
would be carriedout while walking aroundthe systemof trails, checkingknownfruiting
treesand areasin which chimpanzeedad recently beensited, and also searchingat
random.Randomsearchesendedto be a methodof lastresort,but efforts weretakento
reduce the biasesassociatedwith locating chimpanzeesby calls alone. Groups of
chimpanzeeocatedin this mannerwould be likely to be largerthanaverageandoften
feeding.Wanderingthe trail systemincreasedhe chancesof locating lone individuals
and small groups.

Following the chimpanzeess they travelledfrom one areato anotherwas done by
myself and my field assistantmoving along the sameroute takenby the chimpanzees,
wherever possible. However, the thick forest slowed bipedal humans more than
quadrapedalchimpanzees;particularly problematic were thin non-woody climbers,
colloquially known as‘vines’, which would snarepassingimbs. In situationswherewe
couldpredictthe chimpanzee’slestinationgithermy field assistanor | would attemptto
circle aheadof the chimpanzeepsing the trail system,and ‘pick up’ the chimpanzee
further alongits line of travel. In this way we aimedto have at leastone observerin
visual contactwith the chimpanzeest all times. Observationsvere madeunaided,and
with binoculars (8 x 30 in my case, 1®@& for my field assistant).

The Role of the Field Assistant

| wasassignedseresomuMuhumuzato be my field assistanby the co-directorsof the
BudongoForestProject.Oneof the project'sseniorfield assistantshe wastrainedin the
identification of tree speciesand hadpreviouslyworked as a field assistanto a PhD
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studentwho instructedhim in the collectionof datathroughscansampling.Although he
had only minimal experiencewith chimpanzeeshe and | rapidly learnedto identify
individuals under the instruction of Zephyr T. Kwede, senior chimpanzee field assistant.

Initially Geresomuworked as a guide and identifier of trees; we identified
chimpanzeedy consensusDuring the collection of preliminary data,usedto develop
precisemethodology] realisedl would needassistance&vith the simultaneougollection
of scansample andfocal sample data.Geresomuwvorkeddiligently andaccurately and
so | usedhim to collect much of the scansampledatawhilst | collectedfocal samples.
This madeGeresomuypart of the study, and more thanjust an employee Working asa
teamwe were able to monitor an entire chimpanzeearty, somethingimpossiblefor a
single observer confined to a single location.

Sampling M ethodology

In order to collect reliable data, an unbiasedsampling regime is required, as it is
impossibleto recordeverymomentof a single subject’slife, let alonethat of a dozenor
more individuals. | usedfour methodsof datacollection, after Altmann (1974): Focal
scan sampling (instantaneous)focal animal sampling (continuous),focal behaviour
sampling (continuous)and ad libitum sampling. Theseare describedin more detail
below. The mixture of samplingregimesallows for a more comprehensiveoverageof
the phenomendeingstudied.Dataon the habitatusedwerecollectedtogethemwith other
aspectsof the subject’s behaviour; sampling of available habitat was carried out
separately, and is dealt with in the next section.

Recording Methods
Data Sheets

Datawere recordedon custom-designedatasheetsthe designof which wasfinalised
during thefirst two monthsof fieldwork oncethe possibilitiesfor researctbecameclear.
Theywerefully field testedbeforedatacollectionbegan.The two designsusedfor data
collection are presented in Appendix 1.

For the collection of scansampledataa rigid ‘box-like’ designwas used,with each
cell havinga limited numberof possibleentries.This designis clearandeasyto use,and
convenienfor computerdataentry, while allowing moredatato be collectedthanwould
aclassicalcheck-sheeof similar size.Continuousdata(focal animalandfocal behaviour
sampling)were recordedon a secondtype of datasheet,using a short-handnotation
developedduring the preparatoryphaseof field-work. Maximum flexibility in whatwas
recordedwas thus retained,accommodatinghe complex nature of the chimpanzees’
behaviour.
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Initially, datasheetsvere A4 sizedpaper,carriedon a clip-board,and protectedirom
the rain by plastic sheets Later, thesewere supplementedy home-madéwipe clean’
sheetscarriedin a personabrganiserthe databeingrecordedoy OHP markerpens,and
later transcribedto A4 sheets.Thesetwo methodspermitted the division of labour
between myself and my field assistant.

Tape Recording

During periodsof heavy rain, and when the subjectswere moving rapidly from one
locationto another jt provedimpossibleto makewritten notes.A ‘dictaphone’'wasused
to recordcontinuousfocal datain thesesituations,and on occasion nstantaneouscan
data. Recordings were later transcribed to the standard A4 data sheets.

Note Taking

Additional noteswere made at the bottom and on the reverseof datasheets,andin

notebooksto clarify datacollectedby systematicsampling.Thesewerein the form of

sketchmaps,short notes,descriptivepassagesand, in the caseof particularbehaviour
patternsad libitumobservations (detailed below).

Photography

Efforts weremadeto takephotographso illustrateaspectof chimpanzedehaviourand
habitat. Low light levels within the forest madethis a difficult undertaking.l useda
35mmRicoh XR-X camerabody, with Ricoh 35-70mmzoomand Sigma75-300zoom
lenses.Light levelsdictatedprimarily ISO 400 Kodak and Fuji film. 1SO 200 film was
also used. Fasterfilms would have many more photographsossible,but the loss of
quality was judged unacceptableFasterlensesand an auto-focuscamerawould have
permittedrecordingof dynamicbehaviour,suchas male displays.Flashgungendedto
disturb the chimpanzeesnd so were little used.Photographyprovedto be a full time
occupationandcould not be carriedout togethemwith datacollection.As a result, many
of the most interesting aspects of chimpanzee behaviour were not recorded on film.

Definitions and Terminology

Groupings of Chimpanzees:

Community: A ‘semi-closed’networkof maleandfemalechimpanzeesharinga
commonrangearea,showingmutualtoleranceand often affiliative
interactions. Members of different communities generally have
hostile relationships After Goodall (1973). The sameas the Unit-
group (Nishida, 1968).

Party: A fragmentof a community,of variablemembershimndtemporary



Independent
individual:

Association:
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duration; a collection of individuals showing coordination in

behaviour. An upper limit of around 35 metres was set
operationally;individuals moving beyondthis were clearly moving

awayfrom other partymembersandthusconsideredo beleaving

the party. Participationin group behaviour specifically ‘pant-hoot’

choruses, was used to confirm party membership, as such
vocalisationis an active demonstrationby the chimpanzeesof

coordination.Individuals within one party would call togetherin

responsdo a similar chorusfrom anotherparty. Only independent
individuals were included in calculations of party size. After

Sugiyama (1968).

Any individual who rangedapartfrom its mother;showingfreedom
of choice as to associationpartners.Weanedand independently
locomoting individuals were not classedas ‘independent’if they
werefoundonly in partieswith their mothersInfantswerelikewise
excluded.This is the samedefinition asis usedby researcherin
Kibale forest (R. W. Wrangham, personal communication).

The presence of independent individuals within the same party.

Behaviour Patterns:

Foraging
behaviours:
Food item:

Feed:

Forage:

Wadge:

Searching for food items within a food patch and ingesting them.

Any plant part, animal, or other item placedin the mouth and
ingested.

The processof picking (with hand,foot, or mouth) and ingesting
food items.

A combinationof feedingand moving, suchthat eachbehaviour
alternatesn shortsuccessionwith breaksin movementsufficient
only to ingesta few items, and eachfeed occursat a different
feeding site from that previously used.

A feedingtechniqueusedby chimpanzeeso separateand reject
fibrous partsof fig fruit (figs). A numberof figs arepickedandthen
repeatedlycompressedetweenthe inner surfaceof the lower lip
and the teeth. Could be continuedwhilst otherwiseresting,in a



Locomotor
behaviour:

Move:

Climb (up):

Climb (down):

Leap:

Travel:

Resting
behaviour:

Rest (sitting):

Rest (lying):

Rest (vigilant):

Rest (nest):
Build (nest):

Grooming
behaviour:
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manner superficially analogous to cud-chewing in bovids.

The movementof the chimpanzeainderits own power from one
place to another.

Generalranslocatiorwhichis entirelyarborealandneitherdirectly
up or down.

Vertical or near vertical arborealmovement,with an increasein
height.

As above but heightdecreaseOftenusedto descendrom treesto
the ground.

Rapid aerial movement from one substrate to another.

Translocative behaviour which is entirely terrestrial. Generally
guadrapedal, with speed variable.

The ‘default’ behaviour;no other behaviourbeing exhibited. No
energyexpenditure abovethat neededo maintainpostureand for
basic metabolic processes.

Restingin a posturewith the weight supportedby the sidesand
back of the legs, with the trunk more or less upright. Additional
supportoccasionallyprovided by leaningagainsta trunk or fallen
log, or by clutching a branch with hand or foot.

Resting in a prone position; the trunk is in contact with the
substrate.

Resting, but showing signs of alertness; specifically, visual
scanning of the environment.

Resting within a nest.

The construction of a night or day nest.

Combingthrough hair with the fingers, ostensiblyto removedirt
and ectoparasites.
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Groom (self):  An individual performs grooming movementson its own body,
often giving the impression of simply being something to do.

Groom (other): Oneindividual performsgroomingmovementson another’sbody.
The identity of the ‘other’ is specified [for example: Groom (DN)]

Groom (receive):Oneindividual is groomedby anothemwhilst otherwiseresting.The
‘groomee’ may or may not relax as it is groomed.

Proximity
behaviour: Behaviour patternswhich serveto alter spatial distancebetween
any two individuals,andinvolve no otherbehaviourpatternsother
than Locomotorpatterns.The distanceof eachindividual from the
focal animal was recorded quantitatively (see below).
Approach: One individual reduces the spatial distance between itself and other.
Join: Oneindividual approacheanotherusuallystationary andsettlesat
a short distance (less than 2 metres).
Leave: One individual increasesthe spatial distancebetweenitself and

another.

Other social behaviour:

Display: A chargingdisplay. The individual chargesat a fast or slow run,
invariably showingpiloerection.Other detailsafter Goodall (1968,
1986)

Rain dance: A prolonged display, often performed very slowly. Temporal

coincidence with rain or thunder.

Threaten: After Goodall (1986). One of the following directed towards
anotherindividual: head tip, arm-raise, hit-towards, flapping,
swaying branches, flailing, cough-threat, waa-bark.

Attack: An assault,involving physical contact, of one individual upon
another.
Reassure: Affiliative gestureswhich serveto calm an excited or nervous

individual. Often a touch of outspreachands.Other patternsafter
Goodall (1986).
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Vocal behaviour:
Vocalise: The chimpanzee gives any otherwise undefined call.

Pant-hoot: Classicchimpanzealistancecall, after Goodall (1986). Pant-hoots
were not subdivided into particular types.

Pant-grunt: A ‘voiced’ pant,after Goodall (1986). Gradesinto pant-barksand
pant-screams(here subsumedinto this one category) as the
vocaliser becomes more fearful.

Food-grunt: Soft gruntsgiven in rapid successiorat the start of feeding,and
intermittently through the feeding bout, after Goodall (1986).

Scream: High pitched, loud vocalisation generally given in responseto
aggressionGoodall, 1986). Subdivisionswere not distinguished,
although the context of the call was recorded.

Focal Scan Sampling

Scansamplingis definedby Altmann (1974) asinstantaneousamplingof all members
of a particular group. Instantaneous sampling is:

“a techniquein which the observerrecordsan individual’s current activity
at preselected moments in time...it is a sample of states, not events.”

Herel referto it asfocal scansampling,asthe selectionof the groupto be sampled
was determinedy the presencef a particularindividual, the currentfocal animal. The
integratedhatureof the samplingregimemeantthis individual wasactuallyor potentially
the subjectof a continuousfocal animal sample.As detailedbelow, eachinstantaneous
samplerecordeda numberof variables somepertainingto the groupasa whole,someto
each individual within the group, and others to the focal animal alone.

The scansamplesform the core of this study, and provide a frameworklinking the
focal animal and focal behavioursamples.Initially | sampledat intervals of fifteen
minutes,startingfrom the time of first contactwith a chimpanzeearty, but changedo
samplingon the hour and at fifteen minute intervals thereafteras this proveda more
manageableapproach. The interval of fifteen minutes was chosen for practical
considerationsbeing long enoughto allow other activities, such as identifying of tree
species,or pacingdistancesto be carried out betweensamples,but being intuitively
short enough to avoid missing behaviour of moderate duration.

Thedegreeof temporaldependencegr auto-correlationbetweensuccessiveecordsis
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likely to differ betweenbehaviourpatterns suchthat shortdurationbehaviourpatterns
are lesslikely thanlong duration patternsto show dependencat any given sampling
interval. In orderto maximisethe amountof datacollectedwhile minimising the degree
of temporaldependencbetweersuccessiveecordswhensamplinga rangeof behaviour
patternsat the sametime, it is importantthereforeto useatime interval which optimises
both. Although this relatively shortinterval may resultin the collection of temporally
auto-correlateddata for some of the variablessampled,the possibility of extracting
independentlatapointsfrom the resultantdatasetduring analysisis retained. Sampling
at fifteen minute intervals may resultin collection of datadependentt fifteen minute
intervals,but notat perhaps30 or 60 minutes.Samplingat one of theseintervalswould,

however,significantly reducethe amountof datacollectedfor behaviourwhich wasnot

auto-correlated at a shorter time interval.

Fifteen minuteswasthe choseninterval, appropriategiven the 30 minute durationof
the focalsamplegqseebelow), with a scansamplefalling at eitherend of the focal, and
midway through. 15 minute intervals have beerusedin other studiesof chimpanzees
(Wrangham1975; Wrangham& Smuts,1980;Chapmaretal., 1994;C. J. Uhlenbroek,
personakcommunication)andits useis thefirst stepin ensuringa similarity in methods
such that results of different studies can be compared.

Table 3.1. Scansamplescontainingone or more adult or adolescenmales,by month, over the
fifteen month study period.

Month
(Oct 1994 - Dec 1995)

0] N D J F M A M J J A S O N D
162 433 165 378 395 302 371 524 261 374 407 406 391 387 202

X =343.87 £ 104.05

CV =30.26

Selection of Focals

The selectionof the focalanimal,andthusthe group,to be scannedis describedn more
detailbelow. A randomisedist of subjectsvasfollowed, with effortsmadeto achievean
equalsamplingof subjectsasfocals Focalscansampling,andthe selectionandrotation
of focals, continuedindependentlyof continuousfocal animalsampling,althoughwhen
both were conducted simultaneously, the same focal animal would be used.

Data Collected

Each scan sample was indexed by date, time of day, and focal animal.



Grid Location:

Weather:

Group Activity:
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The grid squarewithin the trail systemoccupiedby the group.In

situationswhereindividualswerespreadover morethanonesquare
(for example whenthe groupwasneara trail or trail intersection),
this was the squarewhich containedthe focal animal (but see
below).

Current weather conditions: Sunny (bright sunlight); Fine (clear
skies); Overcast (uniform cloud cover); Cloudy (large rain-
threateningclouds); Rain: Light, & Heavy (sufficient to prevent
normal datacollection). Stormwas recordedif thunderwas heard.
An occasional cold mist was recordedMisty.

Summaryof overallgroupbehaviourthe behaviourof the majority
of group membersWhenthe majority of membersare evenly split
into two groups,eachwith a different behaviour,Group Activity
was defined as a combinationof thesetwo dominantbehaviours
(for example:Forage/Rest If no clear summaryof group activity
could be recorded for exampleif all individuals showeddifferent
behaviours, Group Activity was simply coded as Mixed The
following behaviour patterns were distinguishedt:

e ForageMajority of individualsarefeedingor searchingor
food (movingandfeeding within a food patch.

« Move: Majority of individualsare moving arboreallyfrom
onelocationto another No accompanyindgeeding although
wadgingof food, or carrying of food items may occur.

e Travel:Majority of individualsaremovingterrestriallyfrom
onelocationto another No accompanyindgeeding although
wadgingof food, or carrying of food items may occur.

« Rest:Majority of individuals are sitting or lying, engaging
in no other behaviour (the default).

e Groom:Majority of individuals are grooming themselves,
or engaged in grooming interactions with others.

* Vocalise(call): Majority of individualsvocalising- eithera
‘pant-hoot chorus or collectivepantgrunting.

« AggressionMajority of individualsinvolved in aggressive
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interaction (fighting, odisplayingavoidingdisplay).*

¢ Hunt:Individualsshowinginterestin monkeys,andmoving
to pursue or intercept. Success not a criterion.

« Patrol: Generallysilent travel with frequentbreaksduring
which membersof the party show vigilant behaviour.
Occursonly at or beyondcurrentrangeboundariesParties
mostly or wholly composed of males.

* Nest: Majority of individuals constructing nests.

» Copulate: Majority of individuals copulating.*

*These are likely to occur as group activities only when party size is small.

T see Definitions and Terminology for definitions of individual activities.

Dispersal:

Height:

Food Type:

The estimateddistance(in metres)betweenthe two most widely
spreadindividuals within the party. For a lone individual, this
variable was not applicable.

Distance above ground for the focal; estimatedin metres. An
indicatorof vertical habitatuse.Whenthe focalwason the ground,
a value of zero was recorded.

Speciesand specific food item, recordedwheneverone or more
memberf the party werefeeding,usingspeciesodesdevisedby
A.J. Plumptre(Appendix2). Very occasionallymnembersof a party
would feed on more than item, almostinvariable either on single
items from two speciesor two items from the samespecies.If

situationsarose where more than two specieswere being eaten
(which hardly ever occurred),an a priori decisionwas madeto

recordonly the two mostcommonitems (determinedoy numberof

individuals feeding).

Habitat Type (7 variables):

Trees:

The tree speciesin which the chimpanzeesvere located,together
with the nearest4 specieswithin a 10 metre radius having a
“diameterat breastheight” (DBH) of 10 cm or greater.This size
category included small trees capable of supporting adult
chimpanzees/herethe party werespreadover morethanonetree,



Slope:

Visibility:

By individual:

Presence:

Behaviour:
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the tree holding the focalanimalwastakenasthe first of the five
trees Whenthe chimpanzeesvereon the ground,the nearestreeto
the focal, and the four nearesto that, were takenas indicatorsof
habitat type. There were four conditionsin which no treeswere
present:

« Closedcanopy,Jow stemdensity;the forestwasfairly open.
The variables were simply recorded as ‘no tree’

« Broken canopy, high density of climbers or rattan canes
(Calamus deeratysspecies coded and recorded.

* Broken canopy, clearing dominated by terrestrial
herbaceouwyegetation. Any treeswere recorded,otherwise
‘no tree’ recorded.

« Broken canopy, clearing dominated by grasses.Habitat
coded as ‘grassland’.

An estimateof topographycodedusinga four point scale:O (flat);
1 (slight); 2 (medium); 3 (steep).

The distance(in metres)at which a chimpanzeevould be visible,
estimated from a position 1 metre above ground level.

Each independentindividual (see Definitions and Terminology)
presenin the party at the instantof the samplewasrecordedwith a
tick. If individuals were suspectedo be presentbut could not be
seenat the instant of the sample,a questionmark was usedto
indicateprobablepresenceTo recordonly thoseindividualsclearly
visible would have led to seriousunder-estimate®f party size.
When behaviourcould be observedthis was recordedinsteadof
simple presence.

Whenvisible, the behaviourof eachindividual wasrecordedusing
a seriesof two letter codes,eachrepresenting behaviourcategory
(seeDefinitionsand Terminology).More categoriesvereusedthan
for groupactivity, the majority of which weredefinedprior to data
collection.New categoriesvere definedwhennoneof the existing
categories described the behaviour.
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Location: The position of eachindividual in relationto the trail systemwas
recordedby pacingalongcompasdearingswithin the trail system
this wasto two perpendicularcardinalpoints,giving east-westand
north-southdistancesto the nearesttrail intersection.The paced
distanceswere convertedinto coordinatesrelating the position to
the Grid Location(above),andwererecordedas25 meterbands:0
(on atrail); 1 (1-25m); 2 (26-50m); 3 (51-75m);4 (76-100).The
coordinatesystemwas extendedsuchthat positionsto the westor
southof the trail intersectionwere given negativecoordinatesand
positionsfurtherto the northandeast(for examplewherethe party
was distributed in two trail system blocks), by the use of a code 5.

Additionally, for every female present,the cycle state and/or the presenceof a
dependent(infant or juvenile) was recorded.Initially a five point scalewas usedto
describethe anogenitalswelling as an index of stagewithin menstrualcycle, but was
replaced by a simpler three point scale: 0 (flat); 1 (partly swollen); 2 (fully swollen).

Focal Animal Sampling
Focal animal sampling is defined by Altmann (1974) as having two key characteristics:

“(i) all occurrencesof specifiedinteractionsof an individual [and] (i) A
record...ofthelengthof eachsampleperiod and...theamountof timethat [the
focal] is actually in view.”

Focal animal sampling has the advantageof recordingduration and sequencingof
behaviours, data missed by instantaneous sampling.

Continuousdatawere collectedfor a periodof 30 minutes,beforeswitchingto a new
focalanimal.An intervalof atleastl5 minuteswasleft betweereachconsecutivesample
to reducedependenceavithin the dataset. The half-hourdurationprovedto be the most
consistentperiod for which a single individual could be followed, at least at the
beginningof datacollection.Onceproblemsof poor habituationhadbeenovercomethe
thick habitat continuedto pose problemsboth for keepinga focal in sight, and for
following a focal animalalongthe ground.Evenby the end of the study, attemptedl2
hour follows of selectedndividuals (conductedmainly by BudongoForestProjectfield
assistants under the direction of A.J. Plumptre) failed more often than not.

The shortdurationof focal sampleswas beneficial,in that it permitteda numberof
individualsto be sampledeachday, and the frequentswitching of focal animalsmeant
that losing sight of a particularfocal animal wastedonly a limited amountof time. In
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addition, the 30 minute period was shortenoughto permit highly intensivecontinuous
collection of data with good time resolution.

Collectingdatain this way meant,however,that datawould be lost if aninteraction
continuedbeyondthe endof thethirty minuteperiod,andthata completepictureof daily
activities could only be inferred from a numberof different samplescollectedover a
numberof days.A changingsocial and ecologicalenvironmentinevitably resultsin a
lossof resolutionwhenexaminingsuchpatternsAs daily changesn behavioumwerenot
the focusof this study,this becomesan acceptablgroblem.Somepatternsof behaviour,
suchasthe ‘day-range’cannotbe recordedusingthis systemof shortduration,rotating
focal samples.

Theuseof thistype of samplingalsoresultsin the collectionof largequantitiesof data
not germaneto the primary aims of the study, such as data on foraging and resting
patterns.Time spentrecordingsuchdatais time unavailablefor the recordingof social
behaviour between other, non-focal, individuals.

Data Collected

Thefocal samplesveredesignedo collectthe maximumamountof datawithin thetime
period,and were specifically concernedvith socialbehaviour.This designbiasdid not
precludethe collection of datarelatingto otheraspectsf behaviour,suchasforaging,
although this was inevitably less detailed.

The primary objective of each 30 minute sampling sessionwas to record, to the
seconda continuousaccounif the behaviourof the focalanimal.A secondarybjective
was to do the samefor the focal's nearestneighbour,althoughthis was not always
possible,at leastnot to the samedegreeof accuracy.However,recordingdirect social
interactionsinvolving the focalwould automaticallyrecordthe behaviourof the nearest
neighbour.The identity of the nearesneighbourcould changea numberof timesduring
the sample period, as the animals within the focal's group changedtheir relative
positions.

A further objective was to record proximity relationships;the relative positions of
individuals, and the changesin these.This was done continuouslythroughoutthe 30
minute focal, by recording graphically (to the nearestmetre) the positions and
movementof individualswithin a five metreradiusof the focal, with an extrabandto
include individuals beyond 5m and within 10m of the focal.

Recordingof behaviourwasby meansof two, andthree,letter codes,usingthe same
behaviour codes as for scan sampling, and arrows to indicate directionality of behaviour.
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For example:

min:sec Focal Nearest Neighbour

14:53 MG Rs BY RI [Adult male MG resting (sitting), Adult male BY
resting (lying)]
15:10 BY Mv [BY ceases to rest and moves (arboreally)]

15:15 MG <= BY Gyg [Reaching MG, BY begins to groom MG]

A notable addition was the recordingof important social interactions(potentially)
observedby the focal. Specifically, agonisticinteractions,pant-grunts,and copulations
were recorded.

Selection of Focals

Focals were selectedaccordingto a randomisedlist, drawn up early in the study.
Samplingwould beginwith thefirst individual observedandproceedrom individual to

individual accordingto their positionon thelist. However,becausenemberof the same
partywererarely consecutiven thelist, all subjectgpresen{theadultmalesdescribedn

the previouschapter)would be sampledonce before attemptswere madeto find other
subjects.

The difficulties in finding chimpanzeesn the forest, particularly when they were
silent, meantthat contactwith chimpanzeesvould not be deliberatelybrokenunlessl
consideredhe possibility of finding other subjectto be fairly high. Efforts were made,
however,to maintaina fairly balancedsamplingregime by deliberatelyswitchingto a
new subjectwho wasnot the next on the list whenthe numberof focal sampleson that
individual were low.

The fluid fission-fusionsocial systemmeantthat party compositionoften changed
while conductingfocal samplesthusproviding ‘new’ individualsto sample Many times
however individualswould join andleavea party (comeinto temporaryassociatiorwith
the focal) before the current sample (plus non-sampleinterval) had passed.This,
combinedwith the unpredictabilityof encounteringparticularindividuals,led to uneven
(focal) samplingof individuals on a month by month basis.The variationin numberof
samplesper individual appeargo be random;thatis, therewere no consistenssampling
biases.Over the entire study period,the numberof focal samplesvas similar for ten of
the 12 males(median= 86.5,range72 - 94). One of the 12 was more heavily sampled
(DN, n = 131),thoughnot excessivelyso,and oneconsiderablyunder-sampledJM, n =
44). This male was difficult to find, both on his own andin parties,althoughhe was
fairly well habituatedwhen located. A total of 1,023 focal sampleswere collected
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betweenOctober1994 and Septemberl 995, after which they were replacedby focal
behaviour sampling.

Table 3.2. Number of completedfocal animal samples,by individual, by month. Focal animal
samplesvere conductedrom October1994to Septembed 995, after which they werereplacedoy
focal behaviour sampling.

Focal Animal
Month MG KK MA BY MU NJ TK DN VN JM BK CH Totals
Oct 8 3 2 2 3 3 4 5 2 0 4 1 37
Nov 10 14 7 11 14 7 6 14 13 10 16 5 127
Dec 5 3 6 5 6 7 5 10 4 2 5 2 60
Jan 15 11 9 10 4 14 15 15 11 4 7 11 126
Feb 11 13 112 13 7 8 15 17 9 11 13 5 133
Mar 5 2 6 4 2 0 1 6 4 2 3 3 38
Apr 2 5 1 2 10 12 11 10 6 0 2 12 83
May 3 11 11 7 16 7 19 23 8 1 10 11 127
Jun 4 1 5 7 3 0 5 13 2 1 3 5 49
Jul 5 11 10 7 5 3 5 3 12 5 3 2 71
Aug 10 7 12 8 5 7 6 14 7 5 3 7 91
Sep 12 5 4 7 11 6 1 1 11 3 12 8 81
Totals 90 86 94 83 86 74 93 131 89 44 81 72 1023

Focal Behaviour Sampling
Referred to as “Sequence Sampling” by Altmann (1974):

“The focus of observationis an interaction sequenceyather than any
particular individual(s)”

This techniquewas usedduring the last threemonthsof the studyto collect detailed
dataon social interactions(seefor example,Lee, 1987). Altmann (ibid.) identifies two
key problemswith this method: (i) identifying beginningand end, and (ii) selecting
sequencedDeterminingbeginningand endvasnot a problemhere,asl confinedmyself
to collectingdataon specificbehavioursvhoseinitiation andterminationwas clearand
unambiguous(see below). This methodologywas usedto record complete bouts of
behaviour,and not to be constrainedby a fixed time period focusedon a single
individual. As a resultthe first of Altmann’s problemsis avoided.The secondpotential
problemwas circumventedby following a samplingrule appliedacrossall individuals.
This rule statedthat all observedoccurrencesof the specified behaviour pattern,
involving at leastoneof the subjectanimals,for which initiation wasobservedwould be
recorded. This ensured that comparable data would be recorded for all subjects.
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Data Collected

Grooming:

* Identities of participants.

« Initiation: time; identity (responsibility for proximity); identity (groom request);
identity (first groom).

* Roles:ldentity of groomer/groomedyody partgroomedtime of switchto newbody
part.

» Changdan behaviourstate(eachparticipant):groom, receivegrooming,pausefest,
depart, join. — time of each change.

Aggression:

» Type: Threat; Display; Attack.

* Identities of participants.

* Initiation: time, responsibility.

» Termination: time, responsibility.
» Duration.

Copulating:

 |dentities of participants.

* Initiation: time of initiation, responsibility for proximity.

* Duration: time of intromission.

* Female behaviour (during): vocal/silent; (after): leap away/remain with male.
» Male behaviour (after): rest; groom female; move away.

Ad Libitum Sampling

Ad lib. samplingis the collection of unsystematicobservations. Thisvas used to
supplement more systematic methods of data collection to aid the qualitative
interpretationof results, and to record rare behaviours.An example would be the
behaviourof individuals other than the focaland nearestneighbourduring rare events
such as infanticide, or pant-gruntsbetween males of otherwise similar status. As
describedabove, clarifying notes were made in conjunction with systematic data
collection. Technically,all suchnotesaread lib. data.However,| preferto reservethe
term to cover the unsystematiaollection of datawhich would otherwisebe collected
throughsystematicsampling, makinguseof the sametermsanddefinitions, ratherthan
general notes.

One of the greatestdrawbacksassociatedvith ad lib. samplingis that it is biased
towardsobservablgphenomenand observablendividuals, producingbiasedestimates
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of relative rates of behaviour,and distorting differencesbetweenindividuals in the
performanceof behaviourpatterns.There is no obvious way to determinewhether
apparentdifferencesare real, or simply the result of thesebiases(Altmann, 1974). A

third sourceof biasis observempreferenceThereareno systematiaulesfor the selection
of behavioumatternsandwheretwo or morepatternsoccursimultaneouslythe observer
merely picks—if only subconsciously—whiclio record.Over any period of time it is

impossibleto determinewhethersucha bias remainsconstant,or eventhe extentand
direction of the bias.

Ad libitum sampling, however, often remainsthe only method available for the
collectionof infrequentlyoccurringbehaviour.If the behaviourpatternsto be recorded
are specifieda priori the problemof observerpreferences overcome,althoughother
sourcesof bias remain. The data provided are useful for determiningthe direction of
interactionsandpartnerdor theseinteractionsFor eachindividual the rate of interaction
with eachpartnercannotbe determinedfrom ad lib. data,but the relative direction of
interactionscan be determined.Consideringonly a single behaviour,the problem of
differential observabilitybetweenbehaviourpatternsis removed,and whenconsidering
interactionsbetweerany particulardyad,the individualsobservedare held constantthus
eliminating the problem of differential observability of individuals.

Contrasts with Focal Behaviour Sampling

In some respectsfocal behavioursampling can be thought to resemblead libitum
sampling. However, there are key differences.

» Focal behavioursampling specifieswhich behaviourswill be recorded,and how
these will be selectedd lib. sampling does not have this systematic character.

* A requirementof focal behavioursamplingis that start and endpoints for data
collection mustbe predeterminedas mustthe initiation and terminationconditions
for the behaviour sequenceunder consideration.These systematicrules remain
constant for focal behaviour sampling; neither condition appliaed ti. sampling.

* Adlibitum samplingsimply recordsthe elementgudgedimportantby the observerat
thetime; Focalbehavioursamplingrequiresa priori decisionsasto which elements
will be recorded, and these remain constant from one sample to the next.

Habitat Survey

In order to understandthe social nature of chimpanzeebehaviour,it is necessaryto
understandthe environmentin which they live. To integratethis study with others
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conductedunderthe auspiceof the BudongoForestProject,andto enablecomparison
with other studies of chimpanzees, various ecological data were collected.

The habitat used by the chimpanzeeswas recorded during instantaneousscan
sampling, as describedabove. In this section | introduce methodsused to collect
independendata on the availability of different habitattypes. Details concerningthe
implementation of these methods can be found in Chapter 6.

Methods

Two standardechniquesvere usedto assedabitatavailability, point samplingandline
transectsampling.Pointsamplingis the methodologyof choicehere,althoughit hasthe
seriousdrawbackof requiring that large numberof points be sampled,with the points
sampled specified entirely at random. Point sampling most closely replicates the
sampling of habitat used, collected during the systematic scan samples.

In orderto checkthe validity of the resultsproducedoy any onemethod,an alternate
methodof samplingaimedat answeringhe samequestioncanbe used.With forestwide
samplingof available habitatusing the line transectmethod (Plumptreand Reynolds,
1994), the secondtechniquechosenwasline transectsampling,a systematianethodof
samplingwhich involves samplingat intervalsalonga line, the transectlf careis taken
with the placementof transectlines, this approachbecomesequivalentto systematic
point sampling.lt hasthe advantagehatit is muchquickerthanrandompoint sampling,
andin additionit is much easierto revisit preciselocationsshouldthis prove desirable
(for exampleto confirm the identification of a particular species,or for phenological
studies).

To classify habitattype, variablesthoughtlikely to be importantto chimpanzeesvere
recordedforesttype, topography(slope)andvisibility at‘chimp height’ (standardisedo
1m). Foresttype was determinedoy the presence/absencé particulartree speciesand
their relative abundance within the sample. Details are given in Chapter 6.

Other Sources of Data

Ancillary datawere providedby A. J. Plumptre,and by the Budongo ForestProject.
Rainfall datawerecollectedat dawneachdayin the centerof theresearcttampclearing.
Daily minimum and maximum (shade)temperaturesvere also collectedat the research
camp.Detailedforestecologystudieswere conductedoy A. J. Plumptre;his coding of

plant specieds usedherewith permission.Chimpanzessightingscollectedby Budongo
ForestProjectfield assistantsvereto alimited extentincorporatednto rangingdatasets,
althoughin generalthese location data were not sufficiently preciseto allow their

inclusion. In addition, dataon female menstrualcycleswere combinedto get a clearer
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picture of the availability of potential mates.

STATISTICAL DATA ANALYSIS

Details of specific statisticaltechniquescan be found in the relevantchapters.Both
parametricand non-parametri¢echniquesareused. All statisticaltestsweretwo-tailed,
with o = 0.05, exceptwere statedotherwise.Observedfrequenciesof interactionsare
appended to the body of the thesis.

Before using parametrictechniqueshe degreeto which the sampleapproximateda
normaldistributionwasassessely visualinspectionof histogramsandprobability plots,
andby the useof atestfor skewnespresentedy Snedeco& Cochran(1980).This test
divides skew by the standarderror of the skewto determinethe degreeto which the
testeddistributionis skewedfrom normal.Valuesof 1.96 or lessare consideredo come
from approximatelynormaldistributionsif atleast150samplesareincluded.Thisis the
Cox testdescribedoy Mascie-Taylor(1994).For smallersamplesthe table of valuesin
Snedeco& Cochran(1980)wasused.Parametridechniquesvere only usedwherethe
necessaryassumptiondbe met—if necessaryby using transformeddata. Averagesof
normally distributed data are presented as ‘mean + standard deviation’.

Non-parametrictechniqueswere used where such assumptionscould not be met.
Averagevaluesof skeweddatadistributionsare presentecas medianand (total) range,
except when inter-quartile range is stated.

The majority of the analysesvere conductedusing SPSSfor Windows™version6.0.
Microsoft Excel™ version 5.0 was usedfor limited data analysis,as were computer
programspresentedn Neave & Worthington (1988) and Siegel & Castellan(1988).
Other general statistical texts used were Sokal & Rohlf (1981) and Snedecorand
Cochran(1980).Rangingpatterng Chapter6) wereanalysedisingthe Rangesv suiteof
programs(KenwardandHodder,1996).Matrix permutatiorntests,introducedin Chapter
4, were computedusing a programwritten by Hemelrijk (1990). This programwas
limited in thatit would not acceptdecimalnumbersdatahadto be scaledto circumvent
this problem.This did notinfluencethe outcomeof the tests,but didresultin absolutely
largevaluesof theZ & R statistics(seeChapterd). Regressionssingthe Mantelstatistic
were calculated using the Excel spreadsheet.
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Chapter 4
SOCIAL STATUS

“Oldcastle quickly hatched a plot to overthrow the government,and
instructedhis followers... Theplan wasto kidnapthe king and his brothersat
Eltham on Twelfth Night, seizethe capital, and, apparently,to deposethe
existing hierarchy of king, magnates,and prelates. The rising, of course,
failed miserably.”

E. Powell, The Restoration of Law and Order, 1985.

INTRODUCTION

Groupliving, whetherfor reasonf resourcedefence predationmatingor infant care,
eithersingly or in combinationjmposescosts.Competitionfor accesgo resourcessuch
asfood and mates,canleadto increasedevels of aggressiorbetweenmembersof the

group,andfavourthe evolutionof mechanismsyr strategiesto reducethe costsincurred
by eachindividual of suchcompetition.Wherecompetitionis predominantlycontest’ or

‘interference’competition(Milinski & Parker,1991),one ‘cost-reducing’mechanisms

socialdominance:a seriesof relationshipswhich enableeachindividual to predictthe

outcomeof contestswith eachof the otherswithin the group,andthusresolvecontests
without resorting to energetically expensive or risky agonistic interactions.

Socialdominancas essentiallya seriesof dyadicrelationshipsin which theindividual
with the higher probability of winning any contest(the dominantindividual) is ableto
acquirethe contestedresourcewith only a minimum expenditureof time and energy,
while the individual with the lower probability of winning (the subordinateindividual),
avoidswastingboth time and energyin a contestit is likely to loose.Both membersof
the dyad avoid the risk of injury, which is likely to be greater for the subordinate.

The extentto which a dominant-subordinateelationshipis respectediependn the
differencein the probabilitiesof winning a contestwhich in turn depend®n the valueof
the resourcein questionto eachindividual, and also the inherentpower, or resource
holding potential ‘RHP’: Parker,1974), of each.A dominantindividual neednot win
every interaction;the degreeto which the relationshipis expresseavill dependon the
value of the resource (Dunbar, 1988a).

Classically,dominancethus definedrefersto ‘agonistic dominance’(Maslow, 1937;
Bernstein,1981; Walters & Seyfarth,1987; Mason, 1993), and the emphasisis very
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muchon strengthandfighting ability. Whatis key, however s therelativeprobability of
winning, regardlessof the meansused.Behaviouralstrategiesreat leastasimportantas
physicalstrength,and the bestcoursemay well dependon what everyoneelseis doing
(Milinski & Parker,1991):investingtime andenergyin affiliative interactionamay also
secure the desired resource.

Froma multitude of studies(reviewedby: Bernstein,1981;Walters& Seyfarth,1987)
it seemdhatasagenerabprinciplethe dominanceelationshipdbetweerall membersof a
grouptendto resolveinto a dominancehierarchyof somekind, with individualsranked
relative to one another.The position of an individual within a dominancehierarchyis
often referred to as its ‘dominance rank’ or ‘dominance status’.

Dominance however,is a propertyof inter-individual, dyadic, relationships(Hinde,
1976,1978),while social positionis an elementof group-levelstructure.Describingan
animal’srelative positionwithin a group, its statusor rank, as‘dominance’confuseswo
distinctphenomenaln effectit makesthe a priori decisionthatsocialpositionis simply
the sum of all (agonistic) dominancerelationships(Dunbar, 1988a). While this may
indeedproveto bethe case,t precludestherpossibilities.In complexsocialsystemsit
is likely thatmorethansimply anindividual’s relativeagonisticability determinesocial
position.

Rowell (1966,1974) hassuggestedhat dominancehierarchiesare maintainedargely
by the behaviour of subordinates,an idea deWaal (1982) has applied to female
chimpanzeesstating the hierarchywas maintainedby “respectfrom below”. Rowell’s
(1966)arguments thatwhile high rankinganimalsinitiate interactionsjt is theresponse
of subordinates(primarily, avoiding the other’'s approach)which determinestheir
outcome.

A relationshipemergeshrougha seriesof interactiongHinde, 1976, and,asa dyadic
phenomenonis a result of the behaviourof both partners,whetherthat be active or
passive Ascribing the structurewhich emergedrom theserelationshipsasthe result of
the behaviourof only half of eachdyadis meaninglessRowell’s (1974)“subordinance
hierarchy” explanationalso implies a categorical,static, social structure,and while it
may be adequateduring periodsof social stability, is unableto explain behaviourof
individuals during periodsof change.When individuals show evidenceof striving for
social position, as seemthe casein male chimpanzeesthe “subordinatehierarchy”
explanationis insufficient. While it may be adequatdor establishedemalechimpanzee
hierarchies, its relevance for their formation has been questioned (Goodall, 1986).

The terms ‘rank’ and ‘status’ are not themselvessynonymousalthough‘rank’ has
been used, sometimesinterchangeablywith ‘status’, to describesocial position, for
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example:‘low’ ranking (Bygott, 1979; Nishida, 1983; Goodall, 1986), ‘high’ status
(Simpson, 1973; Coelho et al., 1983).

Statusis an individual's position in relation to otherswithin the social group, a
descriptionof anindividual’s locationwithin ‘social space’.Any particularstatusis, at
least potentially, not unique: while eachindividual will occupy a unique position in
‘social space’,theselocationsmay be close enoughto ascribefunctionally equivalent
statusto eachindividual. Statusis thusdeterminednultidimensionally by morethanone
independentriterion. Rank is a unigue position in relation to other membersof the
socialgroupdeterminedy a singlecriterion. It is thuspossibleto rank animalsusingthe
combinationof factorsdeterminingtheir status(see,for example Richards,1974).What
often happenshowever,is that only a singlefactor, suchasagonisticability, is usedto
rank animals,with rank thensimply substitutingfor ‘the sumof agonisticdominance’as
a descriptor.

If a number of animals have functionally similar social positions—theyare very
similar in status—therit becomesneaningfulto talk aboutstatuslevels.An individual’s
precisestatus,measurednultidimensionally may fluctuateover time within a particular
status level, without necessarilyaltering that individual's functional status. Such
fluctuationsareunlikely to affectthe statusof any otherindividual within the group.lIt is
alsopossiblefor anindividual to movebetweerstatudevels,which mayor maynotalter
otherindividuals’ statusIn eithercase howeverwerethe animalsto beranked,achange
which leadsto anindividual shifting to a newrankwill alterthe ranksof all thoseeither
below or abovethe new rank, dependingon the direction of the change regardlesof
whetherthe animal actually occupiesa new social position. Only in relatively small,
stablegroups,where‘position in society’ is determinedas opposedo beingmeasured,
by a single criterion, will rank and status be indistinguishable.

This use of rank to describesocial position has led to questionsconcerningthe
meaningof a particularrank positionto anindividual (Bernstein, 1981).Whatis thereal
difference betweenbeing ranked 13h or 14" in a group of thirty individuals? The
problemherelies in the useof only a single criterion to describesocial position, and
particularly the use of ordinal measures of rank.

Ordinal ranking has the unavoidableconsequenc®f creatinga rank order which
suggeststhe difference between each pair of adjacentranks is similar, whether
individuals are ranked 2nd and 319, or 21st and 22nd, |t also conflatesthe ideas of
transitivity andlinearity. Transitivity existsif thereareno circular relationshipsThusif
individual A is dominantto individual B, and B dominatesC, then A will dominateC.
More crucially, this resultis predictablewithout the needfor a contest.Linearity is only
presentif the distancebetweenranksis equal for eachadjacentpair of individuals.
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Linearity requirestransitivity, but the reversedoesnot apply. The useof cardinalranks
(Boyd and Silk, 1983) circumventsthese problems, retaining information about the
degreeof differencebetweendifferentranks.With suchinformationit becomegossible
to determinewhetherall rank differencesareequal,or whetherranks'group’, suchthatit

is the gaps between ranks which are meaningful.

Thereis, asRowell (1966)realisedavery realsensan which theindividual’s position
within its social group is determinedas much by its own behaviourtowardsthoseto
whomi it is subordinateas by the behaviourof dominantindividuals. It may be that the
subordinate’dehaviouris elicited by the agonisticdominanceof others,andthuscannot
be regardedas a separatadescriptorof status.This may be the casein many groupsof
social mammals(Ungulates:Clutton-Brock et al., 1982; Eccles& Shackleton,1986;
Fournier & Festa-Bianchet1995; Pinnipeds:Haley et al., 1994; Rodents:Herrera &
Macdonald,1993),althoughthe issueis more complicatedwherethereis assessmertf
agonistic ability and active subordinatebehaviour without challenge (for example
Canids: Fox & Bekoff, 1975; Bradshaw & Nott, 1995).

Where subordinatesactively ‘confirm’ another’shigher status,perhapsby initiating
subordinance-dominandeteractions,it is meaningfulto view statusas conferredby
othersaswell astheindividual’s own ability to dominate.This additionalcomponentfor
want of a betterterm, can be called ‘conferred respect’. This term is appropriate,as
‘respect’is a componenbf anindividual’s status determinedy the behaviourof others
in the social group. It leavesopenthe issueof whetherthe relationshipis represented
cognitively, such that individuals perceive others to have particular social positions.

Respecin chimpanzeesliffers from the “avoidance”shownby Rowell’'s baboonsjn
that it is an active behaviourdirectedtowards superiors,and is demonstrablynot the
result of individuals being cautious or misinterpretingthe behaviour of dominant
animals.Statusrelationshipsaredeterminedy the behaviourof bothindividualsin each
dyad,with ‘respect’a componentontributedby subordinateslt seemdikely, giventhe
evidenceof cognitiveability demonstratetdy wild andcaptivechimpanzeegseeSavage-
Rumbaugh& Lewin, 1994;Byrne, 1995afor reviews),thatthey arein fact attributing
particularlevelsof statusto membersf their socialgroup. They mayin fact be attaching
a ‘statuslabel’ to a mentalrepresentatiof eachgroup member,and usingthis mental
representationto guide the expressionof their subordinatebehaviour, rather than
responding to some cue from the more ‘dominant’ animal.

In chimpanzeesit is both possibleand practical to rank individuals by agonistic
dominancecriteria, andby ‘conferredrespect’,asthe datarequiredfor eacharedistinct.
The ‘pant-grunt/pant-barkgradedvocalisation(Goodall,1986), referredto asthe ‘rapid
oh-oh’ vocalisationby thoseworking at Arnhem (deWaal,1982; Hemelrijk, 1990), is
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describedas a strictly unidirectional behaviour,given by ‘inferior’ animalsto their
‘superiors’ (Goodall,1986; van Hooff, 1974).Inferior animalsare definedasthosethat
acknowledge,through their behaviour,another’s higher social position. Conversely,
superiorsare those whose position is acknowledgedby others. As with dominance,
superior-inferior classifications are properties of inter-individual relationships.

Pant-gruntinghasbeenreferredto asa greeting(deWaal,1982; Goodall,1986),and
amongstwild chimpanzeesndividualswill give pant-gruntvocalisationsspontaneously
to others(personalobservationapparentlyasa meansof expressingubordinatestatus,
or ‘showing respect’ (Goodall, 1986). Pant-gruntsdo not appearto be submissive
vocalisationsgiven as direct responseto threatsor other agonistic behaviour, with
‘squeaks’and ‘screams’ being givenin thesecircumstancegBygott, 1979; Goodall,
1986).The majority of pant-gruntvocalisationsaregiven by femalesandyoungmalesto
adult males,and pant-gruntvocalisationdbetweenadult males,althoughrare,havebeen
usedto determinewhich male is the undisputedalpha (Bygott, 1979; Goodall, 1986;
Takahata,1990), a position which carriesreproductiveadvantagegTutin, 1979, 1980;
Hasegawa & Hiraiwa-Hasegawa, 1983; Nishida, 1983; Nishida & Hosaka, 1996).

It would appearthat chimpanzeesire conferringa higher statusuponthoseto whom
they pant-grunt.A cardinalranking of individuals can thereforebe constructedor the
conferredrespectcomponentor dimension,of statususingthe directionandfrequency
of pant-gruntsAgonisticdominanceaank canbe determinedy thedirectionandnumber
of agonistic interactions.Other studies of male chimpanzeesave invariably found
‘dominance’hierarchiesalthoughthesehaveonly provedto be linearwherethe number
of adult males was small (Nishida & Hosaka, 1996).

Chimpanzeenalesseemhighly motivatedto acquirehigh status(Goodall,1973,1986;
Nishida,1983).With resourceholding potentialdeterminingone componenbf status,it
becomesnterestingto assesshe relationshipdbetweenstatus,size,andage.For status-
striving behaviourto have arisenand be maintainedthrough natural selection,it must
confersomefitnessbenefit. Two of the mostfundamentabhspect®of ananimal’sbiology
areaccesdo food andaccesgo mates.As a preliminarystepin assessinghe functional
benefits associated with striving for high status, | shall test the following hypotheses:

Hypothesis 1.  Statusis a meansof acquiringa greaterproportionof copulationsa
proximate correlate to fitness.

Prediction A positive correlation between status and number of copulations

Hypothesis 2.  Statusis a meansof gaining accessto food resourcesAssuming
food requirementsare relatively equal between adult males,
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preferentialaccesgo foodsshouldresultin lesstime beingneeded
for foraging.Adolescenimalesarelikely to differ from adultmales
in their nutritional demands(Pusey,1990) and this needsto be
controlled for.

Prediction A negativecorrelationbetweenstatusand proportionof time spent
foraging.

Dominanceis only one componentof the total relationshipbetween twandividuals
(Hinde, 1978; Dunbar,1988a),and while dominancehasbeenfound to be importantin
chimpanzeesociety (Nishida, 1983; Ueharaet al., 1994; Bygott, 1979; Goodall, 1986),
relationshipsasa whole areclearly far morecomplex.Male chimpanzeesvithin a single
community have both affiliative and agonisticrelationshipswith eachother,andit is
conceivablethat both influence social status. Alternatively, affiliative relations and
relative statusmay be independentomponentf a dyadic relationship.lt is therefore
importantto investigatethe interactionbetweenstatusand affiliative behaviour(seeHill
& van Hooff, 1994).

Seyfarth(1977)proposeda modelof groomingin femalemonkeysin which grooming
is directedfrom lower to higher ranking individuals, with the majority of grooming
occurringbetweenmonkeysof adjacentranks(seealsoHemelrijk, 1996).At leastsome
male monkeys also preferentially groom higher ranking individuals (Silk, 1994).

Simpson (1973) found that for male chimpanzeesn the feeding area of Gombe
National Park, higher-rankingndividualswere groomedmorefrequently,and,whenthe
anomalousindividual ‘Goliath’ was excluded, for longer. Bygott (1979), however,
studying the samepopulation,concludedthat individuals preferentiallygroomedolder
males“at leastasmuchasdominantmales”. This leadsto the first hypothesigegarding
the way affiliative interactions are distributed in relation to dominanceor status
interactions:

Hypothesis 1.  Affiliative behaviouiis closelytied to relativestatus suchthathigh
statusmalesare moreattractivesocial partnersandso attractmore
affiliative behaviour.

Prediction A positive correlation between status and receipt of affiliative
behaviour.

Simpson(1973)alsofound that high ranking maleswere more affiliative, in thatthey
groomedmore frequently.In light of contraryobservationsoncerningthe direction of
grooming,it is of interestto examinewhetherhigherstatusSonsochimpanzeearemore
affiliative, using both grooming and ‘joining’ as indicators of an affiliative relationship:
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Hypothesis 2.  Status determinesthe frequency at which affiliative behaviour
patterns are performed, with higher status males being more
affiliative.

Prediction A positivecorrelationbetweenstatusand performanceof affiliative
behaviours.

Chimpanzeesare often described as having preferred partners for affiliative
interactions,and groomingin particularhasbeensingledout as a behaviouroften used
tactically (for example, deWaal,1982;Nishida,1983;Koyamaé& Dunbar,1996).Some
affiliative behaviourmay be directedtowardsolder or higherranking individual, while
someis towards other potential allies or long standingfriends. In light of this, the
distributionof affiliative behaviourswithin a groupwould not be expectedo be directly
related to dominance:

Hypothesis 3:  As a separatecomponentof relationships affiliative behaviouris
reciprocatedbetweenparticular dyadsin a mannerunrelatedto
social status.

Prediction A positive correlationbetweenaffiliative interactionsreceivedand
affiliative interactions performed.

Hypothesis 4.  Grooming(the largestcomponenbf affiliative behaviour)between
males is reciprocated.

Prediction A positive correlation between grooming received and performed.

METHODS

Data Collection

Detailsof the studysite andpopulationareto be foundin Chapter2. All 12 adultmales
andthreeadolescents/ereincludedin theseanalysesGeneraimethodologicatletailsare
given in Chapter3. For the analysespresentechere | usedprimarily datafrom focal
animal samples,togetherwith somead libitum observations. During focal samples,
agonisticbehaviours pant-gruntvocalisations,and affiliative behavioursperformedor
receivedby the focalor his nearestneighbourwere recorded,as were those of other
individualsin thevicinity of the focal—thosehathe could potentiallyhaveobservedAd
libitum observations,of occurrenceand directionality, contributedto each of these
categories, although primarily to observations of pant-grunts.
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Five behaviours were lumped together as ‘agonistic’

* threats

« displacements/supplants
« displays

» attacks

* chases

Two were lumped as ‘affiliative’:

e grooming
e joining

For eachbehaviourthe total numberof interactionsbhetweeneachindividual andeach
of the 14 potential partners was recorded.

For mostagonisticinteractionsa winner andlooserwereclear,in thatthe interaction
was unidirectional. Usually one individual would perform an agonistic act, and the
recipientwould back away displaying a fear grin, screamor run. Very few casesof
retaliationwereobservedalthoughif retaliationdid occurtheinteractionwould snowball
as more individuals became involved.

For many, perhapsthe majority, of such escalatingagonistic interactions,limited
visibility madeit impossibleto keeptrack of the interactionsandto identify a winner.
The outcomesof a numberof agonisticinteractionswere thus missedbecausef dense
vegetation.For the purposesof this study, the agonistwas defined as the winner (see
Samuelset al., 1984), exceptin instanceswhere retaliation occurredand the winner,
either agonist or retaliator, could be clearly confirmed.

Affiliative interactionsweregroomingand‘joining’. A singlegroomingboutwasany
episodeof groomingin which interruptionswere lessthan one minute. Interruptionsor
breaks,of one minute or greater,markedthe end of eachbout. Eachgroomingboutin
which an individual groomedwas classifiedas a single interaction.'Joining’ was the
affiliative equivalentof a supplant;one individual moved to within two metres of
another, who did not move away.

Data Analysis

Theinclusionof ad lib. recordspreventedhe useof individuals’ ‘focal time’ to correct
interactiondatafor different amountsof observation.Total time for which individuals
were observedthe numberof 15 minute scansamplesin which eachindividual was
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present, was used to take into account differing degrees of observation.

Frequencie®f interactionswere correctedfor observationtime in two ways: ‘actor
correction’and‘dyad correction’.In the former, the sumof eachdyadicinteractionwas
divided by thetotal numberof scansampledor which the actomwaspresentin thelatter,
eachwasdivided by the numberof sampledor which the respectivedyadexisted.These
corrected figures were multiplied by a constantto produce an integer. For actor
correction, this constantwas the total number of scansfor which the most heavily
sampledindividual was observed(DN: 2134 scans).The dyad correcteddata were
multiplied by the numberof scansampledor which the mostcommondyadexisted(DN-
VN: 1195 scans).

The resultingscoresbecamejn effect, predictedvaluesfor frequencyof interaction.
That is, the correction provided a prediction of the numberof interactionsthe actor
would havehadwith eachpartner,if he beensampledas much asthe mostcommonly
observedndividual, or dyad. The dyadiccorrectionis the more preferableasit corrects
for differential sightingsof both actorandrecipient.In the following analysis,observed
frequenciestransformed by the dyadic correction method are used unless stated
otherwise.Data were summedover the entire 15 month period of datacollection,and
alsoanalysedseparatelby threeand six monthblocksfor 1995to investigatechanges
over time.

Although a variety of methodsexist for ranking individuals, | followed the method
usedby Fournierand Festa-Bianche{1995), and calculatedratios basedon win/loss or
received/givercriteria, dependingon which behaviourformedthe basisof the ranking.
The useof a ratio allows rank to be basedon behaviourboth given and received.For
agonisticdominance the ratio usedwas: Rank = (wins+1)/ (losses+1)For conferred
respect the ratio became: Rank = (pant-grunts received+1) / (pant-grunts given+1).

To checkthe validity of the agonisticinteractionsand pant-gruntgor the assigningof
social ranks,| usedmatrix correlationtests(seeDietz, 1983) presentecby Hemelrijk
(1990). Thesetestscomparean ‘actor’ matrix, in which the acts performedby each
individual occupya separateow, with a ‘receiver’ matrix, in which the actsreceivedby
eachindividual occupy a separaterow. For both matrices,the columnsrepresenthe
individualsto whom (actor matrix), and from whom (receivermatrix), actsare directed
or received, respectively. To achieve a meaningful ranking of social status the
behaviouralriteria shouldbe generallyunidirectional—ifactsarereciprocatedhenthe
direction of thoseacts cannotbe usedto rank one individual over another,although
guantitativemeasures may still be used.

The issueof interestis whetherthe behaviourpatternis unidirectional:this occurs
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when a behaviourpatternis not reciprocated.The appropriatetest is for ‘qualitative

reciprocation’,unidirectionalitybeingdemonstratetyy a significantnegativecorrelation.
A modified Mantel Z test,referredto asthe R, testby Hemelrijk (ibid.), or Hemelrijk’s

own K, test,both of which testfor correlationswithin rows of the matricescanbe used,
correlatinganactormatrix with interactionsscoredaseitherl or O (i.e. presenbr absent)
with a receivermatrix similarly coded.The K, testis analogousn the way it describes
associationso Kendall’'st (Dietz, 1983),andto interpretthe strengthof the correlation
theK, statisticcanbeconvertedo at valueby correctingfor samplesizeandtied values
(Hemelrijk, 1990).

Thesetests are appropriatebecausethey are ‘distribution free’, and as such do not
assumendependencef data;anassumptiomot metby datawithin interactionmatrices.
Testing within rows allows for individual variation, such that individuals with

particularly high or low propensitiego performa particularbehaviourdo not biasthe
results.Using the ‘quadraticassignmenimethod’ randompermutationsof the matrices
are generatedand for each permutationthe test statistic generated With sufficient
numbersof permutationghis producesa distribution of the test statistic,againstwhich

the significanceof the statisticcalculatedor the original matricescanbe judged(Adams
& Anthony, 1996).

Suchpermutationtestsare becomingmore popularin biological studies(for example:
Dietz 1983;Schnelletal., 1985;White & Burgman,1990;Cole, 1996;Hemelrijk, 1996)
The randomly generateddistribution approximatesto the population distribution,
assuminghe sampleis in someway representativef the population(Manly, 1991),and
thus testing againstit is legitimate (Adams & Anthony, 1996). The testspresentecdy
Hemelrijk (1990) are designedo testhypothesesboutthe interchangeor reciprocation
of behaviours,and probabilitiesare one-tailed.The right-handtail of the distribution
gives the probability of a significant positive correlation, while the left-hand tail
representsa negative relationship the opposite of reciprocation—unidirectionality
(Hemelrijk, 1990). Following the recommendatiomf Adams& Anthony (1996), 5000
permutationsvereusedfor eachof thesetests.Whenusingtheseteststo investigatewo-
tailed hypotheseswith oo = 0.05, resultswere consideredsignificant if the one-tailed
probability was less than or equal to 0.025.

A secondmethodof determiningsocialrankis basedon the proportionof individuals
dominated.Dominancevalue (DV) is the squareroot, arcsinetransformationof this
proportion:DV = arcsine(\Nx) (Fournier& Festna-Bianchet]995: Beilharz& Mylrea,
1963).This secondmethodwasusedto provide comparableaankingto two biologically
meaningfulwaysof classifying‘respect’:the numberof individuals pant-gruntingto the
subject(the number conferring respect),and the number of individuals to whom the
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subjectpant-gruntgthe numberwhosesuperioritythe subjectacknowledges)Trhesetwo
measures of dominance rank were compared using a Spearman’s rank correlation test.

The agreemenbetweenthe two conceptuallydistinct component®f statuswastested
by correlating agonistic dominanceranks and conferredrespectranks, to assesshe
validity of combiningthe measuresOne wayto producea combined'status’ interaction
matrix is to sumuncorrectedrequenciedor both agonisticand pant-gruntinteractions
for eachdyad, and then transform this matrix using the dyadic correction method.
Interactionsare combinedsuch that pant-gruntsreceivedare combinedwith agonistic
behaviourgerformed.This hasthe potentialto producedistortedresults,however,asit
ratespant-gruntsandagonisticinteractionsasequalin determiningstatus,andcrucially,
ratesan agonisticact by a normally subordinateanimal to a normally more dominant
animalequalto a reversalin the directionof pant-grunting.To circumventthis problem,
a statusratio, termedthe ‘status score’, was calculatedby addingthe two component
ratios(for agonisticdominanceandconferredrespectfogetherThis assumeshatneither
component carries more weight than the other.

| usedtestsdevisedby Appleby (1983) to test the assumptionthat the rank orders
constituteda generallytransitive hierarchy.Particularordering of the datacanimpose
hierarchiesvherethesedo not naturally exist. Kendall's testderivesa 2 valueto asses
whetherthe observedtransitivity is statistically significant—thatis, occursmore often
than would be expectedby chance—bycounting the numberof circular (intransitive)
triadswithin a groupof knownsize.Thetestcanbe performedwith incompletedatasets,
althoughthis hasthe effect of increasingthe numberof possiblecircular triadsandthus
decreasing the likelihood of finding statistically significant transitivity.

The degreeof transitivity, which for an ordinal rankingis equivalentto the degreeof
linearity, is indicatedby K, Kendall’s ‘coefficient of concordance'This canvary from 1
(completetransitivity) to O (completeintransitivity). Incompletedatawill producelower
valuesof K. Useof theseprocedurehiasshownit is impossibleto producea statistically
significanttransitive hierarchyfor groupswith fewer than6 individuals;the probability
of any particular hierarchy arising by chance is too great (Appleby, 1983).

The use of ordinal ranks discardsa large amountof available data, and in itself
imposesa linear structureonto a dominancehierarchy.The alternativeis to usecardinal
ranks which preserveinformation about the relative differencesin status between
individuals, and ideally, permit the use of parametricstatistical tests (Boyd & Silk,
1983).A methodfor derivingnormally distributedcardinalranksis presentedy Boyd &
Silk (ibid), but they statethis methodis likely to be inappropriatefor datawith few
reversalssuchasthoseanalysedhere.An alternativeis to usethe valuesof the ratios
derived from agonisticand pant-gruntinteractionsas ranks themselvesThis hasthe
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disadvantagethat the data are highly skewed from normal. This problem can be
overcomeby searchingfor a transformationof the data which reducesthe skew and
brings the distribution closerto normal. A secondalternativeis to use randomisation
procedures(Adams & Anthony, 1996) such as the matrix correlation techniques
describedabove on the correctedinteraction data to examine relationshipsbetween
behaviour patterns.

To investigatethe questionof the relative value of each statusrank | used both
approachesA dual transformationof the dataprovedto be the most effective: natural
logarithmsof square-rootedata.l repeatedhe correlationbetweermagonisticdominance
and conferredrespectfor transformeddata(cardinalranks)using Pearson’scorrelation.
To seewhetherthedifferently rankedindividualsfell naturallyinto groupscorresponding
to generallevels of status(sensuBygott, 1979)1 plotted, for eachmale, the difference
betweenhis statusand that of the alphamale,to achievea graphicalrepresentatiorof
relative status.The numberof maleswho recognise by pant-grunting,an individual’'s
status(subordinates)andthe numberwhosestatusan individual recognisegsuperiors),
are both good indicatorsof the view eachchimpanzeéhasof the social structureof its
community. Thus | examinedthe correlationsbetweenthesemeasurestecalculatedas
dominance values, and social status (cardinal ranks), using Pearson’s correlations.

To seeif the relationshipbetweenpant-gruntsand agonisticbehaviourwas one of
direct interchange,l used the K, matrix correlation test with 5000 permutations,
correlatingthe performanceof agonisticacts with the receiptof pant-grunts.The K,
correlationtestsfor ‘relative’ interchangeof behaviourpatterns.Relative interchange
implies eachindividual ranksthe other membersof its social group accordingto the
frequencywith which it receivesactsfrom them,anddistributesits behaviouraccording
to this ordinal ranking; individuals interactrelatively more frequently with thosewith
thosewho morefrequentlyinteractwith them (Hemelrijk, 1990). Separateankingsmay
existfor eachbehavioumattern.Thereis no assumptiorthattheindividualskeeptrack of
the absolutelevel (frequency,duration) of interactions.The test can also be usedto
examine‘qualitative’ interchangelooking simply at occurrenceand non-occurrencef
interchange, without regard to the number of interactions (Hemétiih,

In this case,if directinterchangeoccursat a relative level, individuals receivemore
pant-gruntsfrom thosethey are more agonistic toward, which implies respectis the
productof agonisticdominancelf interchangeoccursat a qualitativelevel, individuals
receivepant-gruntsfrom thoseto whom they are agonistic,but thereis no correlation
betweerthe frequencyof agonisticbehaviourandthe frequencyof receiptof pant-grunts.
Theimplicationis thatindividualsrespect(i.e. pant-gruntto) individualswho tendto be
agonistic.If so, treatingpant-gruntingand agonisticdominanceas separatecomponents
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of status would seem justifiable.

Testing the four hypothesesconcerning the interaction between affiliative and
dominanceaspectsof individual relationshipswas done using the sametest, together
with the Mantel Z andR tests.If a hypothesif relativeinterchanges supportedoy the
K, test,it is possibleto testwhethera significantdegreeof ‘absolute’interchangeccurs.
Absolutereciprocity (interchangeof the samebehaviour:Bertram, 1982) occurswhen
each individual returns the same frequency of behaviourit receivesfrom each of
interaction partners.Absolute interchangeoccurswhen either the samefrequencyor,
wherethe behavioumatternsexchangeddiffer in eithertheir valueor cost,a multiple of
frequency, is returned.

Absolute levels of interchangecan be testedfor using the Mantel Z test, which is
essentiallya generaliseaegressiortechnique(Schnellet al., 1985). Regressinga matrix
againstts transposedorm assessethe probability of significantsymmetryin the matrix;
a symmetricalmatrix is onewhich is identicalto its transposedorm. If the actormatrix
is symmetricalwith thereceivermatrix theninterchangas absolute A MantelZ testuses
the valuesof eachcell within eachmatrix, and as suchis sensitiveto the presenceof
outliers. It is alsodependenbn the scaleof measurementDietz, 1983). The Mantel R
testis a non-parametricversion of the Z tests,in which cell valuesare replacedby
within-matrix ranks(Dietz, ibid). Hemelrijk (1990)suggestshatthe Z testbe usedto test
for absoluteinterchangesupplementedby the R testto overcomethe deficienciesn the
Z test. Absolute interchange does not necessarilyimply a directly proportional
relationship between performance and receipt of directed behaviour.

Dataon statusnteractionsnveresparsedor thefirst threemonthsof datacollection,and
soonly datacollectedduring 1995,dividedinto time blocks,wereusedto examinestatus
changesover time. Data for agonisticinteractionsand pant-gruntingwere divided into
two six-month, and four three-monthblocks, and then corrected using the dyad
correctionmethod,accountingor the numberof timeseachdyadwasseenin thatblock.
The scalingfactor waschosento permit comparison$etweenthe two half-yearblocks,
and between the four three-month blocks. The appropriate fraction (¢/5 & /5
respectively)of the 15 monthscalingfactor (1195)wasused(i.e. 478 for the six month
blocks, 239 for the 3 month blocks). Agonistic dominanceand conferredrespectvalues
werethengeneratedn anidenticalmannerto thatusedfor thefull dataset,andsummed
to give statusscores.Thesescoreswere then transformedto approximatenormality,
using the same transformation, to yield cardinal status ranks.

For the threeandsix-monthtime blocksthereweremanymissingvaluesin eachof the
interactionmatrices,and so Appleby’s (1983)testswere not used.For eachof the three
month blocks a few individuals were not observedo interactover statusandso it was
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impossibleto determinestatusfor thoseindividuals that block. Statusscorescalculated
for eachof the threemonth, and six month, blocks were thereforeusedfor descriptive
purposes only.

Both size and ageare potentialdeterminate®f agonisticrank and/orstatusandso |
examinedtheir influence on each. With only rough estimatesfor size and age, |
performedlimited correlationalanalyses.l classified malesinto four age categories
(adult/old; adult/mature;adult/young;and adolescent)and five size categories(large;
medium/large; medium; medium/small; small), and correlated these with agonistic
dominanceand social status.Size and age categoriesvere assignedsubjectivelyduring
fieldwork.

To investigatehe possiblebenefitsof high status)] examinedherelationshipbetween
social status(cardinal ranks) and numberof copulations(transformedfor observation
time usingthe dyadic correction),and betweenstatus(cardinalranks)and proportionof
time spentfeeding.Proportionof time spentfeedingwascalculatedor eachof thefifteen
males, lumping all feeding and foraging behaviour patterns (see Chapter 3 for
definitions) within each individual, from behaviourrecordedduring scan sampling.
Wherean individual wasrecordedasbeing presentbut no behaviourwasrecordedthe
‘group activity’ behaviourwas substituted As adultsandadolescentnalesfall into two
distinctagegroupswith their characteristiawutritionalandsocialdemandgPusey,1990),
partial correlations, controlling for age group, were calculated.

RESULTS
Dominance Hierarchy

In common with chimpanzeeselsewhere,the Budongo chimpanzeesshowed clear
dominancecomponentgo their relationships Over the 15 month period for which data
were collected, clear hierarchiesexisted for both agonisticdominanceand conferred
respectPant-gruntingvasdemonstrablynidirectional(Matrix correlation:K, = -95,1 =
-0.35,p, = 0.002,n = 15). A similar analysisfor agonisticinteractionsalsodemonstrated
significant unidirectionality i, = -75,7 = -0.19,p, = 0.016, n = 15).

Hierarchiesconstructedusing transformedinteractionratesfor agonisticencounters
andpant-gruntgFigs. 4.1, 4.2) with individualsarrangedaccordingto the derivedratios
were significantly non-random, and somewhat linear (transitive). For agonistic
interactions,there were many missing values. Including all fifteen males, with the
assumptionthat missing values could be replacedby an equal probability of either
individual in eachmissingdyadbeingdominant,yieldeda non-significant(y2 = 34.28,df
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=23, 0.05 9 < 0.1), non-linear (Kendall's coefficierit = 0.299) hierarchy.

VN DN BK CH MA MG M BY KK MU NJ ZF TK AY zZT
VN X 2.50 2.52 7.41 8.88 11.09 9.93 9.35 2.33 5.99
DN 2.00 X 5.74 2.16 3.47 6.79 2.73 5.67 11.73 17.94 6.39 11.60
BK X 17.73 6.68 7.76 7.91 8.20 4.98 9.68 4.30
CH 2.16 X 9.45 2.69 2.92 4.67 5.38 6.71 6.42
MA 1.24 X 1.69 3.39 1.59 3.29 4.54 2.54
MG 2.72 X 3.48 3.96 6.32 5.53
JM X 6.53 6.04 291
BY 142 5.28 X 8.85
KK 6.32 X 3.50 4.76
MU 7.29 X 291
NJ 3.27 X
ZF X
TK X
AY X
T X

Figure 4.1. Matrix of agonisticinteractions.Individuals in rows are agonistictowardsthosein
columns. The numbers are the dyad-corrected frequencies of interactions.

DN VN MG BK MA JM CH BY KK NJ MU TK ZT AY ZF
DN X 5.43 5.74 5.79 5.47 4.33 9.92 17.60 13.48 49.32 19.34 3195 15.32
VN X 3.55 3.71 5.55 4.84 9.93 9.35 14.00 2225 4.65 941 20.96 25.34
MG X 3.48 3.14 11.89 3.61 3.16 4.05 465 16.89 5.53
BK X 4.45 5.24 3.55 2.64 4.98 5.24 4.30
MA X 2.60 3.17 6.80 7.29 4.08 2.84 13.18
JM X 8.07 7.76 9.96
CH X 4.27 6.42
BY X 1.92 4.43
KK X 3.50 4.48
NJ X 3.82
MU X 291
TK X
zZT X
AY X
ZF X

Figure 4.2. Matrix of pant-gruntinteractions. Individualsin rows receivepant-grunts§rom thosein
columns. The numbers are the dyad-corrected frequencies of interactions.

Theassumptiorthatall missingvaluescanbereplacedhusis somewhatjuestionable.
Adult male chimpanzeesire normally capableof dominatingall youngermalesandall
females(Goodall,1986),and Figure4.1 showsno indicationof agonisticdominanceby
theseindividualsoverthe adult males.Making the assumptiorthatthe adolescenmales,
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togetherwith the single adult male (TK) showinga similar lack of agonisticdominance
and known to have ambiguous dominance relationships with adult females, are
subordinateto all other adult males,is perhapsmore realistic. This produceda highly
significant(y? = 90.11,df = 23, p << 0.0001)andfairly linear hierarchy(K = 0.85).An
alternativemethodfor dealingwith the problemof adolescentalesandmissingdata,is
to confine the analysisto the adult malesonly, which yielded similar, althoughless
strongly significant, result¥(= 0.83;x 2= 45.75,df = 21, 0.001 9 << 0.01).

Ranking males by pant-gruntsproduceda hierarchy of ‘respect’, and yielded a
significantlynon-randonm(y2=59.11,df = 23, p < 0.0001)but notparticularlylinear (K =
0.54)hierarchy.This waslikely to be dueto atreatmenbf missingvalues,similar to that
usedabove.Under the assumptionthat adolescentmales are subordinateto all adult
males, the hierarchy was both significantly non-random(y2 = 84.02, df = 23, p <<
0.0001), and fairly linear (K = 0.79). Examining only the adult males showedthe
hierarchyto be significant (y2 = 45.89,df = 21, 0.001< p << 0.01), but notstrongly
linear (K = 0.61). The lack of transitivity is interesting,given that pant-gruntingwas
significantly unidirectional(reversalsin rank, in additionto missingvalues,reducethe
value of Kendall's coefficient). This indicatesthat individuals were not acknowledging
as superiorsall of thoseto whom they would have beerexpectedto pant-grunt,given
thatthey pant-gruntedo othersof similar status.Someof anindividual’'s acknowledged
superiorsmay in fact pant-gruntto a maleto whom the individual doesnot pant-grunt.
Pant-gruntswere seenin 58 of 210 male dyads (28%). Agonistic interactionswere
observed in 60 of 210 male dyads (29%).

Ordinal rankings for agonistic dominance and conferred respect were highly
significantly correlated(rg = 0.97,n = 15, p < 0.001; Fig. 4.3), as was the agreement
betweerrankdeterminedy win/lossratiosandby ‘dominancevalue’ (supordinates:g =
0.94,n = 15, p < 0.001; superiorsirg = 0.82,n = 15, p < 0.001). Table 4.1 gives the
combinedstatusrankingfor the 15 males togethemith agonisticandrespectratios,rank
by dominance value and by numbers of acknowledged ‘superiors’ and ‘inferiors’.

Categorisatiorof individualsby ageandsize wasonly approximate Within the adult
malesageandsizeareuncorrelatedadultmalesonly: r¢ = 0.53,n = 12, p = 0.086,ns.),
althoughwith the adolescentscludedthe associatiorbetweersizeandagecategoriess
significant (all fifteen males:rg = 0.72,n = 15, p = 0.002). Rank by statusscoreis
positively correlatedwith body size(rg = 0.80,n = 15, p = 0.001),but notwith age.This
effect may have beerdue to adolescent®eing both small and subordinate Removing
them from the analysisreducesthe strengthand significanceof the correlation(adult
malesonly: rg = 0.64,n = 12, p = 0.01). Size alsocorrelatessignificantly with agonistic
dominance (adult males onlgg= 0.63, n = 12p = 0.03).
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Table 4.1. Social status: Ordinal and cardinal rankings, with criteria used to define status.

Status Status ‘rank’ Agonistic Conferred Subordinates Superiors
Score Ordinal Cardinal|[ Dominance Respect Number DV  Number DV

DN 195.24 1 2.64 10.58 184.66 12 1.18 0 1.57
VN  147.90 2 2.50 14.36 133.54 12 1.18 0 1.57
BK 9.36 3 1.12 4.70 4.66 7 0.79 1 1.30
MG 6.54 4 0.94 0.83 5.71 9 0.93 2 1.18
MA 3.78 5 0.66 1.04 1.04 7 0.79 3 1.09
CH 2.38 6 0.43 1.78 0.60 2 0.39 5 0.93
IM 1.73 7 0.27 0.44 1.29 3 0.48 4 1.01
BY 0.70 8 -0.18 0.42 0.28 2 0.39 4 1.01
KK 0.58 9 -0.27 0.36 0.22 2 0.39 4 1.01
NJ 0.33 10 -0.55 0.18 0.15 1 0.27 3 0.71
MU 0.27 11 -0.65 0.23 0.04 1 0.27 8 1.09
ZF 0.09 12 -1.20 0.08 0.01 0 0.00 5 0.93
TK 0.09 12 -1.20 0.06 0.03 0 0.00 7 0.79
ZT 0.06 14 -1.41 0.04 0.02 0 0.00 5 0.93
AY 0.05 15 -1.47 0.04 0.01 0 0.00 7 0.78
Agonistic Dominance = {[n(Ag. Int. won)x DC] + 1 }/{[ n(Ag. Int. lost)x DC] + 1}
Conferred Respect = {[n(Pgs. recievedx DC ]+ 1}/ { [ n(Pgs. performed} DC] + 1}
Subordinates:  Number = n (individuals from whom pant grunts are recieved)

DV = Arcsine [ (number of subordinas} / (N-1) ]
Superiors: Number = n (individuals to whom pant grunts are given)

DV = ArcsineV { [ (Nj-1) - (humber of superio)y / (N-1) }
Status: Score = Agonistic Dominance Conferred Respect

Cardinal rank = In (Status Scode

where:Ag. Int. = agonistic interactionPgs. = pant-grunts DC = dyad correction (1195, see page 4.9),
andN; = total number of individuals in hierarchy (15, see page 4.8).
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Relative Status

Ordinalandcardinalranksfor eachmaleareshownin Table4.1.Thecardinalrankswere
approximatelynormally distributed,asjudgedfrom histogramsandthetestfor skewness
(seeChapter3). Correlatingagonisticdominanceand conferredrespectusing cardinal
ranksshowedagainthe highly significant, positive relationship(Pearson’sorrelation:r
= 0.95,n = 15, p < 0.001;Fig. 4.4), with the malesdivided into four statusgroups(cf.

Fig. 4.3).
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A plot of differencesin status(cardinalranks:Fig. 4.5), showedclear division into
three,and possiblyfour groups,the mostobviousof which wasthat containingthe two
highestrankedmales,DN andVN. On statusscoregheycouldbelabelledalphaandbeta
respectively However,the nominally betamale (VN) wasneverobservedo pant-grunt
to DN, despitethis dyadhavingbeenthe mostheavily sampledDN wasableto displace/
supplantVN; howeverthereversewvasnot observedThe secondobviousgroupinglay at
the other extremeof the statusscale—thefour most subordinatemales. This group
contained the three adolescent males, and also one of the oldest males, TK.

The remainingmalesfell into two groups.The first, of high to mid-ranking males,
were distributed almost linearly, suggestingthat it was amongthesefive malesthat
preciserank position—atleastin relation to one another—wasmportant. The fourth
group contained four mid to low ranking males.

Number of subordinatesand number of superiors,transformedto approximately
normal distributions,were highly significantly correlatedboth with eachother, as one
would expect (r = 0.89, n = 15, p < 0.001), and also with agonistic dominance
(subordinatesr = 0.78,n = 15, p = 0.001; superiors:r = 0.87,n = 15, p < 0.001),
conferredrespecisubordinates: = 0.71,n = 15, p = 0.003;superiorsr =0.81,n=15,p
< 0.001),andthe combinedmeasureof social status(cardinalranks:subordinatesr =
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0.98, n = 15p < 0.001; superiors:= 0.91, n = 15p < 0.001).
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Plotting the numberof subordinategor the transformedsalue)againststatus eitheras
cardinalor ordinal rankings,revealedthe samepattern(Fig. 4.6a): the five high to mid
ranking malesfell in two groups.This division was evenclearerwith the transformed

data (dominance values: Fig 4.6b).
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Looking at the numberof superiors(Fig. 4.7) the division of the group of five males
was again apparent;BY & KK ‘regarded’ their own statusto be similar, while NJ
‘refused’ to acknowledgdow status,pant-gruntingto only three other individuals. BK
acknowledgednly DN as his superior,while MA acknowledge®N, VN, & BK. MG
acknowledged only DN & VN, although agonistically subordinate to both MA & BK.
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Individuals who pant-gruntedfrequently tended to receive proportionally more
agonisticacts(adultmalesonly: K, = 121,t = 0.36,n = 12, p, = 0.003),but individuals
who wereagonisticdid nottendto receiverespec{adultmalesonly: K, = 40,7 =0.16,n
=11, p, = 0.07).Adolescenmaleswereexcluded asthey havehigh frequencief pant-
grunting but performno agonisticacts. The more general‘qualitative’ interchangewvas
alsonotsignificant(adultmalesonly: K, = 28,1 = 0.20,n = 11, p, = 0.05,ns: Bonferroni
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correction,a = 0.025). Clearly some interchangedid occur, as some males used a
strategyof agonisticinteractionto force respectrom others(e.g.CH & BK in Fig. 4.4).
The significance levels of th¢€ tests indicate it this was not a general strategy, however.

Scalingthe cardinalranksfrom Table 4.1 so that the lowest rankedindividual was
ranked ‘1’, with higher numbers indicating higher status, and correcting to one
significant figure, yielded a numberwhich describedthe individual’s statuslevel. BK
stood out as the lone member of status level 4 (Table 4.2).

Table 4.2. Relationshipbetweenordinal and cardinalranks,and possiblestatuslevels. Levels are
calculatedrom cardinalranksby scalingto removenegativevalues,androundingto onesignificant
figure. In the first column, high numbersequalhigh status;in the secondjow numbersequalhigh
status. BK’s status as gamma male is only clear by the fourth quarter of 1995 (see Fig. 4.10d).

Ordinal Cardinal Status Status description
rank rank level

DN 1 2.64 5 Alpha status
VN 2 2.50 5 Beta status
BK 3 1.12 4 Gamma / High status
MG 4 0.94 3 Mid status (high)
MA 5 0.66 3 Mid status (high)
CH 6 0.43 3 Mid status (low)
JM 7 0.27 3 Mid status (low)
BY 8 -0.18 2 Low status (high)
KK 9 -0.27 2 Low status (high)
NJ 10 -0.55 2 Low status (low)
MU 11 -0.65 2 Low status (low)
ZF 12 -1.20 1 Very low status
TK 12 -1.20 1 Very low status
ZT 14 -1.41 1 Very low status
AY 15 -1.47 1 Very low status

ChangesOver Time

The statuspositionsin Table 4.2 are summariesover a fifteen month period, and thus
obscurechangesduring that time. Although the statuslevels seemedfairly robust,
individualsmovedfrom onestatuslevel to anotherwith the resultthatit wasdifficult to
ascribe meaningful status descriptionsto at least some individuals. Status values
(cardinalranks) calculatedfor three and six month blocks showedstatusto be highly
dynamic(Fig. 4.8). Within eachblock the numberof statusinteractionsobserveds low,
despitehigh samplingeffort (seeChapter3). As notedelsewhergHayaki et al., 1989)
adult malesseldominteractover status,possiblyto maintainambiguity in their status
relationships(Hayaki et al. ibid). Dynamictrendsare shownin Figure 4.8, with status
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values given in Table 4.3; for reasons given above, no statistics were calculated.
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Table 4.3. Changesn statusovertime. Status(cardinalranks)for six andthreemonthblocks,with
datafrom 1995. Figuresare correctedto three decimal places,and orderedaccordingto cardinal
ranks for the first half year. Status values are comparable between blocks of equal duration only.

ID Jan-Jun Jul-Dec Jan-Mar Apr-Jun Jul-Sep Oct-Dec
DN 2.153 2.798 1.597 1.916 2.319 2.547
VN 2.147 2.619 1.816 2.190 2.335 2.243
MG 1.129 0.870 1.540 1.444 1.130 0.482
MA 0.622 0.375 -0.225 0.644 0.637 0.429
CH 0.340 0.232 0.984 0.912 0.570 -0.424
BK 0.332 1.267 no value 1.435 1.302 1.275
BY 0.220 -1.284 0.379 0.115 -1.130 -1.234
KK -0.164 -0.363 0.044 -0.563 -0.499 -0.207
IM -0.323 0.329 -0.586 0.379 0.545 -0.777
NJ -0.919 -1.074 no value -1.017 -1.936 -0.862
TK -0.923 -1.180 -0.444 -0.759 -1.051 novalue
MU -1.228 -0.109 -0.798 -0.845 0.252 -1.307
ZT -1.405 -1.019 -1.894 -1.138 -1.011 -0.839
AY -1.922 -1.564 -1.112 no value -1.300 -1.068
ZF no value -1.248 no value -2.137 -1.171 -1.533

From one six month block to another,sevenof the malesfell in statusand eight,
including the threeadolescentstose.If functionally important statusdifferenceswere
thosebetweerstatudevels,the mostinterestingssuewasthe extentto which individuals
move from onelevel to another.To examinethis, differencesin status(cardinalranks)
were plottedfor eachof the six monthblocks (Fig. 4.9a,b)and eachof the threemonth
blocks (Fig. 4.10a-d).The most obviouschangebetweenthe six month blocks wasthe
strengtheningof the alpha male position, reflectedin the relative increasein status
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‘distance’ betweenthe alphaand other males.The otherkey eventswere the changein

statusof BK, from a mid to high statusmale,andthe fall in statusof BY, from mid to

low status.Also falling in statuswereNJ and TK. Thetwo youngadolescenta\Y & ZF

movedfrom a statudevel belowthe adultmales to the loweststatusgroupincorporating
the adults.
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Figure 4.9. Plots of differencesn status(cardinalranks)for eachhalf of 1995. Vertical separation
represents the difference in status between individuals.

Plots of differencesin status(cardinal ranks) for three month blocks revealedan
interestingpicture of complex statusshifts. Caution was requiredin interpreting the
figures, however,as the datafrom which they were calculatedwas sparseln the first
quarter(Fig 4.9a)the majority of maleswererelatively undifferentiatedand formedan
approximatelylinear ranking. This may be anartifact, the result of sparsedata, a
particularproblemfor this time-block. More importantly, VN appearedas the nominal
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alphamale, althoughhe, DN and MG sharedthe samestatuslevel, and no clearalpha
could be distinguished CH and BY were the closestin statusto this group, with CH
clearly of high status.

This changedn the secondjuarterasBY andCH beganto dropin status.Threelevels
of statuswere clearly distinguishablehigh, mediumandlow. CH and BY werein the
mid-statusgroup, BK joined VN, DN and MG in the high statusgroup. VN beganto
strengtherhis nominalalphaposition,and MG beganto fall away.By the third quarter,
VN and DN were clearly establishedas an alpha and beta pair, with no clear status
distancebetweenthem.BK surpassedG in the high statusgrouping,andBY dropped
considerably to join the low status males.

4.5+ 4.5+

4.0+

Status (cardinal rank) below Alpha Male
1/95-3/95
[ )
Status (cardinal rank) below Alpha Male
4/95-6/95

Figure4.10a Figure 4.10b

T T T T 1 0@
TK JM MU AY ZT VN DN MG

T T
VN DN MG

T T T T T T T T T T T T
CH BY KK MA BK CH MA JM BY KK TK MU NJ ZT ZF

Individual Individual
4.5 45+
4.0
3.5+
3.0 °

2.5+

7/95-9/95

2.0+

Status (cardinal rank) below Alpha Male
10/95-12/95

Status (cardinal rank) below Alpha Male

Figure 4.10c Figure 4.10d

oo L L L B e 0T @77

T T T T T T T T T T T T T
VN DN BK MG MA CH JM MU KK ZT TK BY ZF AY NJ DN VN BK MG MA KK CH JM ZT NJ AY BY MU ZF

Individual Individual

Figure 4.10a-d. Plotsof differencesn status(cardinalranks)for eachof the four quartersof 1995.
a) no clearalphamale,andindividualsfairly linearly arranged, b) & c) individualswithin a level
differ little in status,while statusdifferencesbetweenlevels are larger,d) a clear alpha male
emerges, and differences in status between other individuals are suppressed.
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In the final quarter,DN wasclearly alphaand VN, beta.BK wasclearly the gamma
male,the only highstatusmale,while MG haddroppedto a mid statuslevel sharedwith
MA. CH was lowest of the mid statusmales,and BY very low ranking. It was not
possibleto calculatea statusscorefor TK for this period,but from behaviourakvidence
(TK lost a fight with the female MM), it seemed he would fall below ZF.

Status and Affiliative Behaviour

A highly significantpositivecorrelationexistedbetweenrstatus(asthe giving of agonistic
behaviourandreceiptof pant-gruntsjandthe ‘giving’ of affiliative behavioun(K, = 544,
n = 15,1t = 0.44 p, = 0.0002). Higher statusmalestended,therefore,to engagein
affiliative behaviourmore frequentlythandid thoseof low status.Statusandthe receipt
of affiliative behaviourwerealsosignificantly correlated althoughnot asstrongly (K, =
271,17 =0.23 n = 15, p, = 0.02). Affiliative interactionsappearedo be directed'up the
dominancehierarchy’, althoughnot strongly so, and higher statusmalestendedto be
responsible for more frequent affiliative interactions.

Affiliative behavioursverereciprocatedat boththe ‘relative’ (K, = 673,17 = 0.60,n =
15, p, = 0.0002),and at the ‘absolute’ levels (Mantel tests:Z = 45904,n = 15, p, =
0.0002;R = 2897724.5n = 15, p, = 0.0002).Not only were male chimpanzeesnore
affiliative towardsthosewho weremoreaffiliative towardsthem,but the hypothesighat
male chimpanzeeseciprocatedaffiliative behavioursn proportionto the frequencywith
which theywerereceiveds supportedy the significantdegreeof symmetrybetweerthe
matricesof performedand receivedaffiliative behaviours.The implication wasthat the
chimpanzeesnusthave beerkeepingtrack of the absolutefrequenciesvith which they
performed and received affiliative acts.

Much of this affiliative interactionwasthroughgrooming,andtakenalone,grooming
too wasreciprocatedK, = 694,1 = 0.61,n = 15, p, = 0.0002)in the same‘absolute’
manner(Z = 39554,n = 15, p, = 0.0002;R = 2897075,n = 15; p, = 0.0002),which
implied a ‘record keeping’ by individuals of the frequencyat which they groomedand
receivedgrooming,anda proportionalrelationshipbetweenthe receiptand performance
of grooming.As with affiliative interactionsgenerally,the frequencyof groomingwas
significantly correlatedwith status(K, = 533,t = 0.43,n = 15, p, = 0.0002),aswasthe
frequencyat which it wasreceived(K, = 251,t = 0.21, n = 15, p, = 0.031).The pattern
was consistent with Seyfarth’s model of grooming (Seyfarth, 1977).

A quadraticrelationshipaccountedor the greatesiproportionof the variance(Curve
fitting: r2 = 0.71;F, 1, = 18.23,p = 0.0002)in the relationshipbetweenstatus(cardinal
ranks) and the amount of grooming received (both of which were approximately
normally distributed);it was the mid-high statusmaleswho receivedmost grooming
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(Fig 4.11a).A quadraticrelationshipalso providedthe bestfit betweenstatus(cardinal
ranks)and (log-transformed)grooming performed(r? = 0.51,F, ;, = 8.15,p = 0.009,
with the samemid-high statusmalesperformingthe mostgrooming,aswould expected
from the absolute levels of reciprocation (Fig 4.11b).
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Figure 4.11a,b. Relationshipbetweengroomingandstatus.Groomingperformedandreceivedare
the dyad-correctedhumberof interactions.The middle and high statusmales,thosebelow the beta
male, perform and receive the most grooming.
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Benefits of High Status

Mating Success

Numberof copulationswere not significantly skewedfrom normal (Skew, . o= 1.72),
despitethe presencef a singleoutlier. A slightly significantcorrelationexistedbetween
statusand numberof copulations(Pearson’s = 0.53,n = 15, p = 0.042;for copulation
frequencieseeAppendix5.3), althoughthis wasdue entirely to the extremenumberof
copulationsachievedoy the alphamale,a numbersignificantly greaterthanthatachieved
by other males(Student’'st = 3.60, df = 13, p = 0.003). The alphamale also showed
possessivebehaviour towards ‘receptive’ females, maintaining close proximity and
actively preventingother malesfrom copulating. This occurredafter a period of time
during which the female had been ‘swollen’ and mated promiscuously.

Access to Food

Adolescentmalesfeedfor a significantly greaterproportionof their time thando adult
males (t; = 3.05, df = 13, p = 0.009). They are also significantly lower in status.
Controlling for this effect, there is no significant relationship between status and
proportion of time spent feeding € -0.37, n = 12p = 0.194).

DISCUSSION

Male chimpanzeef the Sonsocommunity in the Budongo Forestshow a complex
patternof dominanceand affiliative interactions.They can be rankedaccordingto a
statushierarchy,but this is neither completelylinear nor fully transitive. The use of
cardinalrankingsallows all but one pair of malesto be assigneduniqueranks,which
cluster into different status levels.

Status positions are dynamic, with individuals shifting within status levels, and
moving from one statuslevel to the next. The statusdeterminedfor eachindividual
varies from one three-monthblock to another,and over the courseof twelve months
individuals move betweenstatuslevels. The statusan individual holdsis relatedto his
body size, and so his physical power, but not to his age.

Statusbrings no benefitin termsof accesso food resourcesas measuredoy time
spentfeeding. Thereis no mating advantageassociatedvith status,other than alpha
status which confers significant mating advantages. Affiliative behaviours are
reciprocatedn proportionto the frequencywith which they are received,in a manner
which does not appearto be linked to the status hierarchy. Affiliative and status
interactions thus appear to be separate dimensions of inter-individual relationships.
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Status Hierarchies

Adult male chimpanzeesvereonly rarely observedo engagen statusinteractionsand
did notalwayspant-gruntto individualswho occupiedhigher statuslevels. As a result,
there was variation in the number of recognisedsuperiors.BK, for example, was
throughoutthe study of lower statusthan VN, but was neverobservedo acknowledge
thisfact. Thisreticencemayhave beempartof a deliberatestrategyto maintainambiguity
aboutrelationshipsbetweenmales (Hayaki et al., 1989). The statushierarchy cannot
therefore be described as fully linear.

Both pant-gruntingand agonisticinteractionswere significantly unidirectional,as has
beenfound elsewhergBygott, 1979; Noé et al., 1980; Hayaki et al., 1989), althougha
number of agonistic reversals,where a normally subordinateindividual threatensor
attacks an individual of higher status, occurred. This is known to be a feature of
chimpanzee social interactions:

“A chimpanzeeduring intensesocial excitement...magisplay towards or
hit a superior(to whomhe would normally pant-grunt); but the latter will not
pant-grunt to him” J. Goodall, 1986.

The relationship between agonistic behaviour and pant-grunting supports the
observation that pant-grunts are not submissive, but subordinate, vocalisations,
conferring respectand acknowledgingsuperior status. Although agonistic individuals
seem in general to receive more respect, there was no direct causal relationship.

At leastfour statuslevelsweredistinguishedrom an examinationof the data-seasa
whole: the alphaandbetapair, high, mid andlow status.On thefiner time scaleof three
month blocks, the number of distinct levels varied.

Absolutestatusdifferencesverelarge.Thealphaandbetamaleshadby far the highest
ratiosof agonisticandpant-gruntingnteractionsandwerevery much‘in a classof their
own’, primarily becauseneither was observedto pant-grunt,and both receivedlarge
numbersof pant-gruntsfrom 12 of the 15 males(54% of all pantgruntsfrom malesover
15 months). Differences between other dyads were numerically not so large, but
important relative to each other. The number of superiorsand subordinateseach
individual hasmay demonstrate differencebetweena male’s perceptionof his status,
andthe statuswhich othersascribeto him. NJ, for instancepnly recogniseMG, VN and
DN as superiors, whereas only MU is prepared to acknowledge NJ as his superior.

Somestudieshavefound linear rankingsamongstadult male chimpanzeeg¢Takahata,
1990; Hayaki, 1989, 1990), whilst others have found only generallevels of status
(Simpson,1973; Bygott, 1979). It seemsthat in small groups (i.e. few males)it is
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possibleto rank eachmalein relationto eachother,but in large groupsthe relationships
become ambiguous (Nishida & Hosaka, 1996).

In chimpanzeeasatleast,the modelof linear,ordinal hierarchiesseemsnsufficient,and
to furtherunderstanaocialstructurecardinalrankingsandnon-linearhierarchiesheedto
be used.Using a methodof cardinalranking,it becomegossibleto rank malesin large
groups,andin additionto examinewhatthoseranksmeanto the individuals concerned,
by showingthe degreesof difference betweendyads.It may be that levels of status,
revealedby cardinalranking,are biologically more meaningfulthanrelative positionon
an ordinal ranking.

An approximationto linear rankingwasonly approachedavithin statuslevels Judged
by the differencesin numberof acknowledgedsuperiors,and the valuesof conferred
respectit can be arguedthat the conceptof statuslevels is one recognisedby the
chimpanzeeghemselves.Chimpanzeeshave the ability to categoriseobjects using
abstractcriteria (Savage-Rumbaug& Lewin, 1994; Matsuzawa,1990), and it would
seem this ability could be used to assign status levels to other membersof the
community,and thus categorisethe relative positionsof third parties.Keepingtrack of
the statudevel to which eachmalecanbe assignedvould be cognitivelylessdemanding
than continually computing a precise status score for each individual.

Apparentknowledgeof the relative positionsof third partieswasdemonstratedtyy the
changeseenwhena new alphamalebecameestablishedandin the ambiguity of many
statusrelationships,particularly the tendencyof someindividuals to ‘treat as equals’
those immediately above them in the status hierarchy, and to be selectivein their
recognitionof superiors.BK, for example,movedfrom the mid-statuslevel to a clear,
high statusgammapositionduring the study; oneof his strategiesvasto withhold pant-
grunting from four out of five of thoseanimalsthatinitially held higherstatus.Despite
BK recognising only one superior, only half of the adult and adolescentmales
acknowledged him as a superior by the end of 1995.

It hasbeenfound that winning and loosing fights are positively reinforcing, so that
winnerstendto win (Chaseet al., 1994). Amongstadult male chimpanzeeshody size
seemedo explainlessthanhalf of thevariancein statusalthoughsizewasassessednly
subjectively.Otherfactors,suchasthe timing andlocation of agonisticinteractionsand
the gradualaccumulationof respectfrom otherindividuals, musthaveplayeda role in
determiningan individual’s status.Two of the mostagonisticindividuals (BK and CH)
changedstatus,in oppositedirections,during 1995.BK’s agonisticbehaviourappeared
to force an increasein status,despitea lack of ‘support from below’, while CH was
unableto avoid falling in status.One could ask: Had he lost the ‘respect’ of the other
males?
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The ‘winners tend to win’ effect may apply to status in general. Increased
acknowledgemenbf an individual's statusby others may increasethat individual’'s
perceptionof its own status(if only becauseas more animalsrecognisehe individual’'s
superioritytherearefeweravailablefor theindividual himselfto recogniseassuperiors).
Acknowledging,or refusingto acknowledgeanother’'ssuperiorstatus,could alter the
perceptions of third parties regarding both relative status, and absolute social position.

ChangesOver Time

Cardinalrankingscan be usedto showthe degreeof changeovertime. Whenanalysed
by time blocks, social position was seento be highly dynamic, at least for some
individuals.At timesno clearalphaexisted;at others,apparendifferentiationwithin the
mid-statudevel wasobservedasindividualsshiftedrelativeto eachother.Whena clear
alpha male was established status differencesbetweenall individuals becamemore
pronounced.

Cautionis requiredwhen interpretingthe quarterly scores however,as they rely on
fairly limited quantitiesof data.For instance JM'’s statusscoresare possiblyanomalous,
in thathe wasfairly asocial but receivedmanypant-gruntfrom theadolescentaY and
ZF, andtheseboostechis statusscoreto a level higherthanperhapst shouldhavebeen;
JM was rarely in associatiorwith other malesand did not appearto engagein direct
status challenges.

During thefirst half of the yeartherewasanapparentontestfor alphastatuswith the
eventualreplacemenof the old (presumedplpha,MG, by an alliancebetweenDN and
VN. VN was nominally alpha male during this first period, becauseof his greater
agonisticdominanceHe was alsothe largestmalein the community.However,neither
DN nor VN pant-gruntedo oneanothergeven oncédN wasestablishedsthenewalpha
male.Therewasthusno acknowledgemerftom VN of a subordinatgosition. Although
DN receivedthe greaterrespectVVN did notreceiveany agonisticbehaviourfrom those
lower in the hierarchy,unlike DN. VN andDN performedjoint displays,and perhapsa
continuedalliancewas necessaryor DN to remainalpha; DN was oncedefeatedby a
BY-MG coalitionwhenVN wasabsentlf DN continuedto needVN’s help, VN would
have been expected to gain some advantage from the arrangement.

Unlike many beta males (deWaal,1982; Nishida, 1983; Ueharaet al., 1994), VN
showedno evidenceof challengingDN. He did not appearto be exploiting his status,
howeverachievingonly avery low numberof observedcopulationsTowardsthe endof
1995, while DN maintainedexclusiveproximity, andthusaccessto ‘swollen’ females,
VN continuedto harassthe other males.A possibility was that VN was DN'’s older
brother,andaidedDN muchin the sameway that FabenhelpedFiganin the Kasakela
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(Gombe)community(Goodall,1986).However the low numberof observedcopulations
remains puzzling.

MA’s increasdn statusmay have beerhe resultof pursuinga strategyof affiliating
with DN andVN. BK’s rise to gammamale statusappearedpportunistic,temporarily
allying with DN; BK wasableto dominateboth of MG’s allies, the initially high status
CH, and high/mid-status BY, who fell considerably in status following MG’s defeat.

Hadthesechimpanzeebeenstudiedduringalesssociallyturbulentperiod,their status
relationsmay have beerfound to be more stable.When sucha period would occuris
guestionableas demographidactorsshouldleadto a continuing,if episodic,supply of
maturing adolescentmales challengingfor status.From the changesseenhere, the
existenceof a strong, establishecalpha male appearso ‘clamp down’ on attemptsto
changestatus,possibly by supportinglower statusanimalsin contestgdeWaal,1982).
Jostlingfor position may continueamongstthe low and mid-statusmales,however,if
there are benefits to increasing status (see below).

The choiceof alliesis crucial, not only for supportin attemptsto increasestatus,but
becausesupportingthe ‘wrong’ side appeardo havedisastrousonsequencef®r one’s
own status.Sonsomalesshoweda variety of tacticsin their attemptsto increasestatus.
DN and VN performedjoint displays,often aimeddirectly at MG. On occasion they
would beginthe displayout of sightof the others,appearingn the middle of the partyin
full display.DN in particularusedbipedalelementsn his displays.MG also performed
impressivedisplays.MA rarely displayed,but spentmany hours grooming, and both
gaveandreceivedgroomingmorefrequentlythanany othermale.By becominga close
associateof VN and DN, he seemsto have beerable to increasehis status,at least
temporarily.If chimpanzeemakejudgementsasto the natureof others’relationshipsy,
in part, observingtheir associatiorpatternsthenonetactic to increasestatusmay be to
influenceothers’perceptionof statusby associatingvith high statusindividuals,atactic
perhaps best described as ‘basking in reflected glory’.

BK andCH seemedo be usinga moredirecttactic of overtaggressionandBK would
often be found in small groupsapartfrom the malescontestingalphastatus.Despitea
relatively smallbody size,he alsodisplayedimpressively with pronouncediloerection,
often usingthe sametacticasDN & VN, displayingfrom a position out of sight of the
others, and thereby adding surprise to the impact of the display.

Status and Affiliative Behaviour

Male chimpanzeesf the Sonsocommunitygroom,andaregenerallyaffiliative towards,
thosefrom whom they receivethe mostaffiliative behaviour.In this they are similar to
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chimpanzeesn GombeNational Park (Simpson,1973),andthe resultslend themselves
to interpretationby Seyfarth’s (1977) grooming model. However, as Seyfarth (ibid.)
notes,groomingin chimpanzeess more complexthanthat shownby femalemonkeys.
Males in the upper middle of the hierarchy most frequently engagein affiliative
interactions,leading to the appearancef a correlationbetweenstatusand affiliative
interactions. Grooming is not simply directed up-the-hierarchy.

The similarity in resultsto Simpson’s(1973),despiteusingdifferentmethodologiesn
data collection and analysis,and studying different populationsin radically different
habitats, increases confidence in the general validity of the pattern seen here.

Much of this study covereda period of significantchange,asthe old, possiblylong
standingalphamalewasreplaced andotherindividualsmovedfrom onestatuslevel to
another Alliancesappeareavell establishedt the beginningof 1995,andno “allegiance
fickleness” (Nishida, 1983) was observedlIt seemsclear, however,that groomingwas
beingusedto cementandsubtly modify relationshipsamongsimalesbestplacedsocially
to take advantageof the period of instability. The results are consistentwith the
interpretationthatgroomingwasbeingusedtactically,aspartof political strategiesMA,
for instance was the most frequentindividual in groominginteractions,often with the
alpha-beta pair, and increased in status over the study period.

The Function of Status

Why shouldmalescompetefor status? The arguments usuallythat high statusconfers
reproductiveadvantagesin that it allows preferentialaccesgo females,resultingin a
highernumberof copulationsand, potentially,greatermatingsuccessThis is presumed
to translateinto greaterlifetime reproductivesuccesswith competitionfor high status
being an adaptive trait (reviewed by: Silk, 1987).

On balancethis relationshipappeargo hold, bothfor mammalsgenerally(Dewsbury,
1982),andfor someprimates(Altmannetal., 1996).In studieswhich showthis, thereis
usually a correlation betweenrank (often measuredordinally) and some measureof
matingsuccessln atleastsomeof thesestudieshowever it seemghe correlationis due
primarily to a singularly successfulbeta (Hausfater,1975), or alpha (Samuelset al.,
1984; Dixson et al., 1993) male, as is the case for chimpanzees.

Thelack of anyrelationshipbetweenstatusandnumberof copulationsor Sonsomale
chimpanzeesptherthanthe distinct advantageof alphastatus,agreeswith resultsfrom
other studies(Bygott, 1979; Takahata,1990; Nishida, 1979, 1983; Tutin, 1979, 1980).
The advantagesssociatedvith high, non-alpha,statusremain unclear.Bygott (1979)
suggestedhattherewasno benefitto high statusper se,but thatit wasin the interestsof
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all individuals to minimise agonistic interactions, and that a series of dominant-
subordinaterelationshipsdevelop to reduce the incidence of fights as a result of
individual differencesin strengthand aggressivenessiowever,if advantagegxist for
the alphamale, theseshoulddrive competitionfor statusand Bygott's argumentiooses
much of its force.

The questionthenstill remains.If only the top rankingmaleis benefitingfrom high
status,why shouldother malesstrive for high status? Why not simply adopta two-tier
‘despot’ system(Lott, 1991),in which a singleindividual is ‘dominant’ to all the others
who are of equally low rank (for example, Coelho et al., 1983)?

Otherthan increasednating chanceshigh ranking malesmay benefit by increased
accessto desired resources,particularly protein—or more likely essentialamino
acids—inthe form of meatand/orinsects.In this study,VN wasobservedo sharemeat
(aninfant chimpanzeeith DN, althoughthe original possessoof the carcassvasnot
observedGivenlatereventswhenDN wasobservedo kill a secondchimpanzeenfant,
it seemsplausiblethat DN was sharingwith VN. On a separateoccasion VN and MA
‘shared’ half the carcassof a red-tailedmonkey. MA joined VN'’s party carrying the
meat,presumablyhavingalreadyeatensome,andwasthenforcedto ‘yield’ the meatto
VN, who consumedall but thetail. DN wasnot presentandmay have beemn the party
from which MA came.MG was observedto sharetermiteswith KK, dividing a large
lump of termite-ridden clay, and handing part to the younger male.

Anotherpossibleexplanatiorfor statusstriving behaviour basedon the fragmentation
of groups rather than reunions betweenseparatedndividuals, is that there is some
advantagdo beingthe mostdominantindividual within whicheverparty the individual
finds himself. If a mid to high statusmale,in the companyof thoseof lower status,can
locatean ‘oestrus’femalebeforehigher statusmales,he may be ableto monopolisethe
femalethroughpossessivéehaviouror by initiating a consortshigTutin, 1979).Sucha
strategy would be obscuredby group level analysis of status. Study of females’
interactionswith maleswould be the bestway to establishwhethersucha behaviour
occurred althoughanindirect methodof testingthis ideawould be to look at party size
selection by males (see Chapter 5).

If malesare attemptingto follow sucha status-dependerstrategythereshouldbe an
indication of tactical choicesto be the higheststatusindividual, or at leastthe highest
rankedon agonisticdominancewithin a party. This strategyis likely to becomemore
effectivewhenthe numberof femalesin the communityis high. With morefemalesthe
numberof simultaneouslycycling femalesshould increase althoughno evidencehas
beenfoundfor reproductivesynchronybetweernfemales(Mahale: Takahataet al., 1996).
While a powerful alphamale may be able to intimidate a numberof rivals to suchan
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extent he can monopolisea number of femalessimultaneously(Nishida & Hosaka,
1996), the effectivenesf this will dependon the distribution patternsof the females,
andthegeneralevel of visibility in the habitat. The mostlikely situationis thatthe alpha
male will be able to monopoliseonly one female at a time, and when a number of
females are cycling simultaneously,other high status males are potentially at an
advantage.

Consideratiorof lifetime status‘trajectories’ (Bygott, 1979; Goodall, 1986; Dunbar,
1988a) suggestsan explanation of the apparentdesire for high status in male
chimpanzeedt maybethatoverthe courseof a lifespanthe averagestatusof eachmale,
and anybenefitsattributedto that statuswill be equal,butonly if they pursuea strategy
of questingfor high status.In a manneranalogougo van Valen’s (1973) ‘red queen’
hypothesismalesare trappedinto a power struggle,simply to maintainequality over a
lifetime. Any malewho optsout of this struggle,or is forcedto throughinjury or disease,
achievesa lower lifetime averagestatus,which shouldcorrelatewith lower fithess,and
thus lower lifetime reproductive success.

Sucha situationwould not preclude andmay indeedevenfavour, the developmenof
alternatestrategiesto achievethe averagelifetime status,and thus averagefitness.
Conceivablyamalecouldaim to achieveandhold a mid to high statuspositionandhold
it for a long time. This would, of course, dependon beingableto gain sufficientfitness
benefitsat this status,which in turn would favour the developmenbf alternatemating
strategies,such as the searchingin small parties for oestrusfemales,and forming
consortships.

Status,however,may not function to increasefitnessover the shortterm, and have
little to do directly with matingsuccesslt may be thatfithessbenefitsaccrueto different
statuslevels through a physiological mechanismmediatedby corticosteroidor other
stress hormones. Researchconducted on baboons (Papio cynocephalus talapoin
monkeys(Miopithecustalapoin) and other primates(Keverneet al., 1982; Sapolsky,
1993, 1996) has shown that levels of stresshormonesare elevatedin lower ranking
animals. Sapolsky (1996) points out that it is not merely the animal’s rank, but its
personalityand experienceof both rank and the society within which it dwells that
determinethe extent to which the animal developsthe physiological symptoms of
chronic stress.

Should chronic stress,throughimpairedimmune response®r other factors, lead to
reducedreproductivelifespan, selectionwould favour the evolution of mechanismso
reducechronic stress,and possibly to reducechronic stressat the expenseof others
within the social group, depressingheir expectedLRS while raising that of the less
stressedindividual. Status may be one such mechanism,with mid to high status
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individuals having the lowest levels of chronic stress.Although under stable social
conditionslevelsof chronicstressare negativelycorrelatedwith statuswhenconditions
areunstable]evelsof stresshormonesarehigh in bothlow andhigh rankingindividuals,
and lowestin mid ranking animals (Sapolsky,1993). Among chimpanzeesthe alpha
male tendsto maintaina level of arousalsufficient to maintain partial piloerectionto
emphasiséhis status(Goodall, 1986), and hasto be readyfor potentialchallengesin
addition,he hasto coordinateerritorial defenceof the community’sterritory (Nishida&
Hiraiwa-Hasegawal 987).Undersuchconditions,onewould predictelevatedhormones
characteristicof chronic stress. Personality differences have beennoted as being
importantfor tenureof alphamales(Takahata,1990; Murray, 1995; Nishida& Hosaka,
1996),and,insofaraspersonalityis reflectedin behaviouralstyle’, appeato mediatethe
effectsof chronic stress(Ray & Sapolsky,1992; Virgin & Sapolsky,1997. During a
period of alpha-male turnover, males directly involved are likely to show a
disproportionatancreasein levels of stresshormonesWith suchsituationscontinuing
for a numberof months,the higheststatusmalesmay be paying a physiologicalcostin
their gamble for the often short-term mating advantages of alpha status.

Excluding the alpha male, there are no significant differencesin the number of
copulationsachievedby malesof different status.If the function of high statusis to
minimise chronic stress,and chronic stresswere to reducethe probability of achieving
fertilization, thenindividuals with higher status,and so lower stresslevels, would have
potentiallyhigherlifetime reproductivesuccessStatusstriving behaviourshouldthusbe
favouredby selection.The systemmay be cappedy the elevatedstresdevelsassociated
with highest status (Packer et al., 1995; Sapolsky, 1996) during period of social
instability.

It seemghat while all of the abovemay be benefitsassociatedvith increasedstatus,
someare likely to have beemmore importantthan othersin the evolution of ‘status
striving’ behaviour.Given the widespreadnature of the link betweenphysiology and
statusin primates,andthe importanceof reproductivesuccessver a lifetime, | would
suggesthat physiological‘health’, leadingto a longerreproductivelifespan,perhapsn
combinationwith the impactof fertility relatedeffects,wasa major factor. In addition,
once ‘status striving’ evolved, the ‘red queen’ factor would come into play.
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Chapter 5
TACTICAL ASSOCIATION

“First Witch: When shall we three meet again, In thunder, lightning, or in rain?
Second Witch: When the hurleyburley’s done, When the battle’s lost and won.*

Macbeth

INTRODUCTION

To understandhe dynamicsof the chimpanzeesocialsystemiit is vital to determinenot
only why chimpanzeeg$orm partiesbut why they form the partiesthey do. Much past
researcthascentredon the impactof feedingcompetitionon the sizesof the temporary
sub-groupsor parties,in anattemptto elucidatethe ecologicalfactorsresponsibldor the
fragmentarynatureof chimpanzee€ommunitiesHowever,while relativefood abundance
constrainsparty size (Wranghamet al., 1992), other factors are clearly importantin
determining party size and composition (Boesch, 1996).

In chimpanzeesand some other species (for example, spider monkeys, Ateles
geoffroyi; Janson,1984; Strier, 1994), there is no coherentsingle grouping, and the
compositionof the small ‘foraging’ sub-groupss fairly fluid. The existenceof a larger
social group, in the senseof a “closed social network” (Wrangham,1986), can be
demonstratedby examiningassociatiorpatterns.That a conceptof ‘own social group’
may exist in the minds of individual animalsis indicatedby the extemelyxenophobic
behaviourof chimpanzeesandthe contrastingoehaviourtowardsgroupmembersasthe
group rarely, if ever, assembles to form a single cohesive unit.

Mean party size has beenfound to correlateclosely with food abundancgKibale
Forest:Wranghamet al., 1992) andwhile thereis someindicationthat meanparty size
may be smallerin harsherhabitats[for example,4.0 (Mount Assirik) vs. 10.1 (Tai
Forest):Table5, Chapmaret al., 1994], thereis no cleartrend.Indeed,Dunbar(1988a)
hassuggestedhatlargepartiesaretheresultof eitherlimited, highly clumpedsourcespr
high predationpressure Recentlyit has been suggestethat averageparty size is an
inappropriatemeasure,and that variancein party size providesa better indicator of
feeding competition (Chapmanet al., 1994; Malenky et al., 1994). These analyses
assumethat feeding competitionis likely to determinefemale grouping patterns,with
males mapping themselves to the female distribution (Wrangham, 1980).
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Food abundancend distribution (Wrangham,1986; Dunbar,1988a)can facilitate or
constrainparticulargroupingpatternsandassuchshouldbe lessof a constrainton males
thanfemales.Undera fission-fusionsocialsystem foragingpartiesdistributethemselves
betweena numberof food patchesgachof which may containinsufficientresourcedor
the entirecommunityto foragetogether.Increasingood abundanceanberealisedasan
increasein the numberof resourcepatchesan increasein the value of eachof a few
patchespor a combinationof these.Whereresourcesare availablein only a few, large
patchesthe communityis likely to be more cohesive,andform larger parties.If such
patches are widely distributed, travel costs and subsequentloss of interaction
opportunitiesbetweenseparatedndividuals should reinforce this trend toward large
parties.

If resourcedbecomemore abundantthroughan increasein the numberof available
patchesfeedingcompetitionis likely to resultin a more fragmentarygroup structure,
with small partiesformedat eachpatch.Wherea numberof patchesarelocatedin fairly
close proximity, it becomeseasier,and less costly, for individuals to move between
parties,enhancingthe fluidity of theseparties.As a result, associatiorpatternsshould
become more dynamic.

With the absenceof any surfacestructure(Hinde, 1976) greaterthan the temporary
party, thesepartiesform a shifting milieu for all social interactionsand becomemore
thana meango enhancdoragingefficiency. Assessinghe costsandbenefitsof joining,
or leaving,a party of particularsize and compositionbecomesncreasinglycomplex.In
orderto gainafuller understandin@f the evolutionof greatapesocietiesjt is necessary
to determinethe factorswhich bring individualstogether,aswell asthe factorslimiting
their aggregation (Lee, 1994).

Reproductiveopportunitiesfor male chimpanzeesire potentiallyinfluencedby social
factors, primarily the nature of their relationshipswith the other males within their
community,andto a lesserextenttheir relationshipswith particularfemales(Goodall,
1986). High social statushas been shown to lead to increasedmating opportunities
(Nishida,1983), particularlywhenthe operationakexratio shifts towardsl:1; the alpha
male cannot monopoliseaccessto more than one receptivefemale at any onetime
(personabbservation)Statusitself is highly dependenbn coalitionalsupportfrom other
males (deWaal, 1982; Nishida & Hosaka, 1996).

A Model of Chimpanzee Association Patterns

The chimpanzeesocial systemis likely to have evolved via a numberof state shifts
(Foley& Lee,1989;Lee,1994),possiblypassinghrougha solitary or semi-solitarystate
prior to the development of the fission-fusion system.
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With femalesessentiallysolitary, or becomingso if shifting from a more cohesive
system,the increasinglywide spatialdistribution of femaleswould have madeit more
profitable for malesto travel in searchof receptivefemalesthanto remainwith them
permanentlyDunbar,1988a).These(semi-)solitary maleswould encounteoneanother
at feedingsites,andmorecritically aroundreceptivefemales.Travel costs,togetherwith
the benefits of local knowledge,would ensurethe same males met repeatedly,and
competed for access to the same females.

Selectionwould favour the formation of dominancerelationships,as thesewould
reducethe time and energy costsof eachbout of competition,and the formation of
coalitionsbetweenpairs of males,asthesewould improve dominancestatusfor one or
both partners,reducecompetitioncosts,and increasemating successSuch a process
would befasterin a systemdivergingfrom a cohesivegroupthanin onewherethe males
were initially solitary, but would be favoured in both cases.

These male-malerelationshipswould bring greatestbenefits when formed before
crucial competitive events,and so selectionshould favour active associationbetween
males,resultingin the formation of parties.Given a limited numberof locally resident
males,the establishmenbf relationshipsvould be accompaniedy an identification of
individualsbelongingto the samesocialsystem.Defendingaccesgo femalesfrom non-
membersvould increasethe costsof solitary behaviour,andacceleratehe formation of
closedxenophobiccommunities As eachmale potentially attachesa different value to
eachof the other males,as possiblealliance partners,the partiesformed are likely to
originate around a number of separate cores, and to be unstable.

The selectionof coalition andalliancepartnerson the basisof their potentialvalueas
alliesis characteristiof primates(Harcourt,1989).This selectionis complicatedn fluid
fission-fusionsocietieswherepotentialpartnersarenot necessarilyavailable andfurther
complicatedwhen the value of potential allies is dependenbn the alliancesof these
individuals.Male chimpanzeegeedto interactwith eachotherin orderto form alliances,
andto interactthey needto bein the sameparty; beforea malechimpanze&anselectan
alliance partner,he must of necessityselecthis associationpartners.This decisionis
likely to be influencedby the needto associateand subsequentlynteract, with other
membersof the community. Eachmale’s ‘ideal’ associationgroup may rarely if ever
exist, as other males are simultaneously making similar decisions, with party
compositions reflecting a compromise between the decisions made by each male.

In pursuit of a particular alliance strategy, males will needto pursueassociation
strategiesywhich balancethe needto form allianceswith the needto associatavith other
communitymembersThe associatiordecisionsarethustactical,in the sensehata male
choosedrom a variety of party compositionsvhich at that momentestmatchthe goals
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of his association and alliance strategies.

The decisionis further complicatedby the fact thata malecanonly know the present
compositionof the party of which heis a member.andhasto predictthe compositionof
other parties,basedperhapson hearingrecentvocalisationspr by associatingoarticular
maleswith particularareas.The fluidity of chimpanzeegartiesmeansthat association
decisionsmust be madefrequently,with a new set of optionsassesse@achtime. The
degreeof flexibility and amountof information processedtrongly suggestsognitive
decision-making.The making of shortterm decisionsin pursuit of long term goalsis
strongly suggestive ahtentionaldecision-making.

Underthis model,chimpanzeesvould be predictedto actively associatavith all males
within their community,in orderto remainrecognisedas a member,but otherwisethey
should attemptto associatewnith particularindividuals with whom they can interactto
increasetheir own status, and ultimately, reproductivesuccess.The ability of high
ranking individuals to monopoliseaccessto receptivefemaleswill ensurethat males
associateonly in small groups,as lower ranking individuals shouldattemptto discover
receptive femalesbefore their superiors.In addition the needto form and maintain
coalitions and allianceswill aid in the formation of small parties,as the interactions
necessaryo establishsuchrelationshipsarelesslikely to be disruptedby the behaviour
of other individuals.

Herel attemptto showthat the associatiorpatternsof the male chimpanzee®f the
BudongoForestare bestexplainedby this reasoning.Their associations@retactical, in
the sensethat the choice of associationpartnersis deliberate,and aimed at achieving
particular social goals. Thesetactics are the momentto momentdecisionsaboutwith
whom to associate When consideredover time, thesetactics resolveinto consistent
socialstrategiesappropriateo eachindividual's social status,andthat, ascircumstances
change, strategy shifts occur.

METHODS

Data Collection

Details of the study site and populationare given in Chapter2. All adult (12) and
adolescenfthree)maleswereincludedin theseanalysesGeneralmethodologicabletails
aregivenin Chapter3. Associationdatawere collectedby focal scansampling,with a
total of 5171scansamplescollectedon partiescontainingat leastoneof the 12 adultand
3 adolescenmales(mediannumberof scangper male= 1138)overthe 15 monthperiod.
Visibility was often lessthan 10 metreson the ground,and accuratemonitoring of the
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compositionof the party necessitatedhanginglocation betweenscansamplesandthe
use of a second observer.

Data Analysis

In analyse®f associationbetweerindividuals,consecutivesampleoftenlack statistical
independencdf two individualsare presentn thefirst sample andthe durationof their
associationgreaterthan the time interval betweensamples,successivesampleswill
overestimatethe strengthof their association.Classically, problemssuch as this are
resolved by using a techniqueto determinethe characteristic'bout length’ of the
behaviourin question.Log survivorshipcurvesfor changesn intervals of association
can be constructedwith discontinuitiesin the curvesusedto identify the appropriate
time interval required to ensure independence (Slater, 1974).

This techniquewas usedon a sub-sampleof the scansampledataset, consistingof
data collectedduring November1995. This month was chosenat randomfrom those
known to contain a large quantity of high quality data. Associationbout length was
assessefdbr all partiesin which adult maleswere present,other than thosecontaining
cycling females.Thesepartiesweredeliberatelyexcludedfrom analysisof boutlengthas
the aim wasto determinetypical male-maleassociatiorbout lengthandthe presenceof
such females may introduce unquantified bias.

No tendencyfor a changen slopewasdetectedwith a smoothdeclinein probabilities
of associatiorwith increasingsampleinterval. It wasnot possibleto determinea point at
which samplescould be consideredndependenasno characteristicbout length’ could
be determinedIn partthis may be dueto the natureof the samplingmethodology;scan
sampleswere co-coordinatedvith focal samplesand thus may reflect searchintensity
(moving to anotherparty after completing the focal) when party sizes were small.
Continualsamplesof a single party in excessof two hourswere rare. Alternatively, it
may reflect more aboutthe stability of partiesandthe natureof social decisionsamong
chimpanzeesyho canjoin andleaveassociationst will. Long durationsof association
may indicate strengthof inter-individual relationships,or simply a propensityfor an
individual to be ‘social’ after a period of being alone.

An alternative method (for example, White, 1986) is to use the first sighting of
associationbetweenindividuals. Since party compositionis highly variable, however,
this may underestimatecommon associations, while accurately reflecting rare
associationsSimply scoringall new associate®n a single day as one sighting fails to
recorddynamic shifts in associationsignorespersistingassociationsand masksinter-
individual differences.
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With no effective meansto ensurerigoroussampleindependencd, decidedto make
useof the behaviourof the animalsthemselvegdo determine‘independent’records. |
made the assumptionthat each observedchangein party composition representsa
‘decision event’ when eachindividual has a choiceto end or continue their current
associationsThis in fact leadsto a conservativemeasureof associationwhich scores
only instanceswhere a changewas observed,and not instanceswhere two or more
individuals decide to remain in association.

Therefore, to minimise dependencybetween successivesightings of the same
combinationof individuals,| analysedecordsonly wherea changen party composition
occurred. That is, one or more individuals either joined or left the party between
consecutivaecords,with a minimum 15 minute interval betweenthe datapoints. After
passingthrough this ‘filter’, 3164 scan samplesremainedfor use in analysis. This
methodof measuringparty sizeis similar to thatusedin otherstudies(initial party size,
plusa countwith everychangen compositionWhite & Burgman,1990;Boesch,1991b;
Chapmanet al., 1994), but with the addition of a minimum time interval between
successive counts which should decrease the dependence between successive records.

Comparison®f party size databetweenstudiesare complicatedby differing sampling
regimes,different degreesof subjecthabituation,and evendifferent definitions of what
preciselyconstitutesa party (Chapmaret al., 1993,1994). Differencesbetweensitesin
factors,suchasthe level of predationpressurewhich are difficult to assessmeanthat
cautionis requiredevenwhen comparingresultsfrom studiesat superficially similar
sites.

In the majority of studiesof common chimpanzeesgdata on party sizesare male
biased,whetherby designor accident,becausemalestendto becomehabituatedmore
rapidly than females,and are more obviousin their behaviour.Long-term studiesare
morelikely to provide comparabledatafor females,and so provide a betterestimateof
averageparty size,althoughmaleswill remaineasierto locate,andpersonabpreferences
amongmale field assistantsnay continueto bias estimatesFiguresfor ‘averageparty
size’ may thus differ betweensites simply as a result of stage of habituationand
samplingeffort. Wheresucha sexbiasis explicitly recognisedusefulcomparisongnay
still be made.

Averageparty sizeswere calculatedrom this datasetfor the studyperiodasa whole,
andfor individual months.| investigatedoossibleseasonaVariationin party size using
the non-parametridViann-Whitney,and Kruskal-Wallis, tests.Coefficientsof variation
were calculatedto comparemonthly meanparty sizesfor the Sonsochimpanzeesvith
similar datafor Kibale chimpanzee$rom the Kanyawaracommunity.Kibale datawere
takenfrom Wrangham(1986).Dry andwet seasormonthswereestablishedy meansof
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a climate diagram (Chapter 2). Variation in party size with group activity was
investigatedby meansof a Kruskal-Wallis one-wayanalysisof variance,and posthoc
multiple comparisonsusing Dunn’s procedure(Dunn, 1964, presentedin Neave &
Worthington, 1988). Group activity records (Chapter 3), were grouped into five
categoriesforage (including hunting),rest groom travel/move(including patrolling) &
other. Each of these categories accounted for at least 1% of scan samples.

Two ‘dual’ group activity categoriegseeChapter3), ‘groom/rest’ and ‘rest/groom’,
also exceededhe 1% level. Eachaccountedor 1.4%, and the scanswere distributed
equally betweenrest and groom Two further categories,forage/rest’and ‘rest/forage’
accountedor 1.8% and1.3% of scansamplesThe formerwere assignedo forage the
latterto rest thefirst behaviounn eachpair wasthe observer’'ssubjectiveimpressionof
group activity. No other group activity reachedthe 1% level, and all were lumped as
other.

Reproductivelyactivefemales showingfull or partialanogenitakwellings(hereatfter,
‘cycling females’)are thoughtto influencethe size of temporaryparties,increasingthe
numberof malespresent(Goodall, 1986; Boesch,1996). To investigatewhetherparty
sizesof Sonsochimpanzeesvereinfluencedby the numberof reproductivelyavailable’
females,| calculatedthe numberof cycling femalespresentin eachparty, and useda
Kruskal-Wallis analysis of variance, with  Dunn’s post hoc multiple comparisons
procedure, to test the following hypotheses:

Hypothesis 1.  Cycling femalesare attractivesocial partners andthusbecomethe
nucleusof large parties.Partysizeincreasesas morefemalescycle
simultaneously.

Hypothesis 2.  Cycling femalesspecificallyattractadult males,with the resultthat
increasingnumbersof cycling femalesleadto increasingnumbers
of adult males present in the party.

In orderto examineassociatiorpatterns,a measureof the tendencyof eachpair of
malesto associatevascalculatediermeddyadicassociatiorstrength.The calculationof
this statisticis a two stageprocess,and controlsfor biasesintroducedby differential
sampling of both individuals and dyads.

Step one was to calculate a ‘twice-weight’ association index for each dyad:
lag = #AB/ (#A + #B - #AB)

Where‘#AB’ is the numberof scanswith individualsA & B both present,#A’ the
total numberof scangn which A is presentand‘#B’ thetotal numberof scansn which
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B is presentThisis theleastbiasedndexin situationswherethe samplingbiasis toward
finding individualstogether(Cairns& Schwager1987)andis commonlyusedin studies
of chimpanzees (Nishida, 1968; White & Burgman, 1990; Wrangham et al., 1992).

Steptwo convertsthis indexinto a relative measureof associationexpressinglyadic
associatiorstrengthas its deviationfrom the meanlevel of associatioracrossall adult
and adolescent males:

Zpg = (lag-D/s

Where'l g’ is the associationindex, ‘I’ the meanindex acrossall males,and’s’ the
samplestandarddeviation.Party sizeswere determinedrom the samedataset,andare
the sum of all independent individuals present in each scan sample.

In anattemptto explainassociatiorpatternsthreemutually exclusivehypothesesvere
constructedeachgiving different predictionsconcerningthe relationshipbetweenthe
dyadic association strength and party size:

Hypothesis 1.  Male chimpanzees associate at random with respect to one another.
Prediction No relationship between association strength and party size.

Hypothesis 2.  Male chimpanzeeshow a non-randompatternof associationput
are only ‘passively’ associating.The observedassociationsare
causedby malesbeing drawnindependentlyto the samelocation,
for example, food resources or cycling females.

Prediction A positive relationship betweenthe two variables. With males
beingdrawnindependentlyto the samelocation,the probability of
any two malesbeingin the sameparty increaseas the size of the
party increases.

Hypothesis 3:  Male chimpanzeesshow non-random,tactical association.They
show preferentialbut flexible associationwhich is responsiveto
changes in their status and social goals.

Prediction A negativerelationshipexistsbetweenthe two variables.Malesin
dyadswith high tendencyto associatg@refereachother'scompany,
andthuswill seekeachotherout. Converselyjndividualsin dyads
with a low tendencyto associatewill be more likely to find
themselves together in large parties.

Hypothesis3 makestwo further predictions. The first is that associationpatterns
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should be dynamic, and second,that they should resolve into distinct association
strategiesThe changedn associatiorpatternsand strategiesshouldalso be ‘adaptive’,
although this is difficult to demonstrate in such long-lived animals.

To test these hypothesed examinedthe relationship betweendyadic association
strengthand meandyadic party size:for eachdyad, the meansize of partiescontaining
both individuals. Each dyad thus has an associationstrengthand a mean party size.
Logarithmictransformationsvere usedto normalisethe distributionsof both measures,
to permit the investigation to use parametric tests.

| fitted curvesto thesenormaliseddatain an effort to establishthe nature of the
relationshipbetweenthe two variables,and usedregressioranalysisto investigatethe
variation in party size accountedfor by associationstrength.| assumedthat the
associationstrengthof a particular dyad was an inherentproperty of the relationship
betweenrntheindividualsat any particularmoment,determinedy therelativevalueof the
relationshipto eachindividual. Under this assumptionparty size can be a function of
association strength, while the reverse cannot.

The hypothesigthat thereis a minimum associatiorrequirementfor all adult males,
regardlessof their sociability, was investigatedby calculatingproportionof time spent
alone,and proportionof time spentasthe only adult male within a party. This second
measuranay be a morereliable measureof whethera minimum associatiorrequirement
for communitymembershigxists.Thesecalculationsveremadeusingall 5117scansas
to do otherwise would introduce further bias against lone individuals.

Clusteranalysisof the dyadicassociatiorstrengthmatrix, calculatedoverthe entire 15
month period, was carried out to achievea graphicrepresentatiorof the relationships
between individuals. | used the ‘unweighted pair group method using arithmetic
averages(UPGMA) or ‘averagelinkage’ method.The datawerethen separateshto 5
blocks,eachcoveringa threemonthperiod,andmatricesof dyadicassociatiorstrengths
calculatedfor eachblock. The first of theseblocks (Octoberto December,1994) was
excludedfrom further analysis,as during the first three monthsthe subjectswere less
habituated,and the nature of their relationshipsunclear.| usedthe samemethod of
clusteranalysison eachof the four remainingmatricesto investigatechangesver the
twelve month period.

Multidimensionalscaling (Schiffmanet al., 1981) was usedto display individualsin
two-dimensionakpace As for clusteranalysisa scalingplot wasderivedfor the matrix
of dyadic associationstrengths,and subsequentlyfor each of the three-monthtime
blocks. The ALSCAL algorithm,implementedoy SPSS was usedto calculatesquared
euclidiandistanceshetweenindividuals, the samemeasureusedin the clusteranalysis.
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The resultantplots give a more immediateimpressionof the clusteringof individuals
than do the results of cluster analysis.

RESULTS

Party Size and Composition

Mean party size for Budongochimpanzeesalculatedacrossall party typeswas5.70+
3.48 (median5.0, range1.0-19.0).This is within the rangereportedby other studies,at
BudongoandelsewhergChapmaretal., 1994: Table5). In comparisonthe Kanyawara
communityin Kibale formedpartiesaveragings.6 + 2.6 individualsfor the period 1984
t0 1985,6.1+ 4.5for 1988to 1989(Wranghametal., 1992)and5.11 (rangel.22-12.26)
for 1988to 1991 (Chapmaretal., 1994).Inter-annuakvithin-site variationin meanparty
size canthusbe greaterthanthat found betweenstudy sites.SeasonaVvariationin mean
party size (Fig. 5.1) at Kibale (Kanyawara:CV = 70.02) is more pronouncedhan in
Budongo(Sonso:CV = 18.31),althoughthereis no significantdifferencebetweemmean
party sizes,takenover the year for the two periodscompared(Wilcoxon signedranks
test:Z = -0.31,n.s.). For much of the two periods,both communitiesshowedthe same
monthly meanrelative party sizes.Modal party sizewasthe samefor both communities:
2 individuals.

16 Figure 5.1. A comparison
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Within the Sonsocommunity,therewere significant differencesin average(median)
party sizefrom monthto month (Kruskal-Wallisone-wayanova:H = 218.85,df = 11, p
< 0.0001),althoughno trend in monthly averagesvas apparentRunstest: Z = -0.83,
runs = 5, p = 0.40 n.s.). Median party size during the dry seasonmonths (January,
February March) washoweversignificantly greaterthanthe medianfor all othermonths
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(Mann-WhitneyU = 719215.5ny,, = 679,n,,¢ = 2479,p < 0.0001).Theremay therefore
be someseasonagffect, althoughnot particularlystrong;averageparty sizein somewet
season months exceeds that in dry season months.

Party size varied significantly with group activity (Fig. 5.2: Kruskal-Wallis one-way
anovaH = 83.00,df =4, p < 0.0001).PosthocanalysisDunn’s procedure)ndicatedthat
medianparty sizeassociateavith travellingandmovingwassignificantly lower thanthat
associatedvith foraging,resting,grooming,or otheractivities,andthat foraging parties
were slightly, but significantly, smaller than resting parties.

10
Figure 5.2. Median party

size (with inter-quartile
87 1 range) associatedvith each
category of group activity.
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Sincethis studywasconcernedvith adultandadolescentnales,the size of partiesin
which malesfound themselvesvereexaminedn detail. Malesspent74.3%of their time
in mixed sex parties,and 25.7% of their time in male-only parties(n = 3005 scans),
including time spentalone. The meansize of partiescontainingat leastone adult or
adolescenmalewas 5.88 + 3.45 (median= 5). When maleswere not solitary, time in
mixed-sexpartieswas 80.6%,with 19.4%of time in male-onlyparties.Mean party size
for non-solitarymaleswas 6.3 £ 3.27 (median= 6). In both caseshe modal party size
was 4 individuals. No evidenceof core party formation (partiescontainingmostor all
adult males) was found over the course of the study.

Justover half of all partiescontainedoneor morecycling females(50.16%,n = 1587,
Fig. 5.3). Onecycling femalewaspresentn 35.37%of parties(n = 1119),two cycling
femalesin 11.21%of parties(n = 355), threecycling femalesin 3.12% of parties(n =
99), and four cycling females present in 0.44% of parties (n = 14).

The size of partieswasinfluencedby the numberof cycling females(Kruskal-Wallis
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H=1067.8,df = 4. p < 0.0001);medianparty sizeincreasingwith the numberof cycling

females present (Figure 5.4). Parties containing a single cycling female were

significantly largerthanthosecontainingno cycling females,and partiescontainingtwo

cycling femaleswere significantly larger thanthosecontaininga single cycling female.
The size of parties containing more than two cycling femaleswas not significantly

differentto thosecontainingtwo cycling females(Dunn’s posthoc multiple comparison
procedure, witlee = 0.05 across all tests).
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The averaggmedian)numberof malespresentin a party increasedsignificantly with
the presenceof cycling females(Kruskal-WallisH = 492.11,df = 4, p < 0.0001).The
numberof malesassociatedvith a single cycling femalewas significantly greaterthan
that associatedwith non-cycling and no females,and the median number of males
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associatedvith more than one cycling female was significantly greaterstill (Fig. 5.5).
Therewere no significantdifferencesin the numberof malesin partiescontainingtwo,
threeor four females Furthermoretherewasno differencebetweerthe numberof males
in partiescontain one, and four, cycling females,perhapsdue to the small sampleof
partiesincluding four cycling females(Dunn’s posthoc multiple comparisorprocedure,
with o = 0.05 across all tests).

Figure 5.5. The numberof
adult males (median and
6 . inter-quartile range) in
parties with from zero to
four cycling females.
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Association Patterns

Budongo male chimpanzeesvaried in their tendencyto associate with association
strengthrangingfrom -0.88to +3.87 (15 individuals, 105 dyads).Thatis, somepairs of

individuals were found togethermore often than other pairs,ashasbeenfound in other
studies of chimpanzees (for example, Goodall, 1986).

Time Alone

Mean percentagdime alone acrossall 15 subjectswasonly 2.49 £ 2.07% (median=
2.29).This rangedfrom 0.16%for ZF, the youngestadolescentto 8.66%for TK, oneof
the older males.Time asthe only male in the party was calculatedonly for the adult
males,and averaged?.89 + 4.44% (median= 7.41). Time alone and time as the only
malein a party were significantly correlated(Spearmamank correlation:rg = 0.76,n =
12, p = 0.005). Neither measureshowed a significant correlation with association
strategy(seebelow), nor with socialstatus(seeChapter4). All adultmalesspentsimilar
amountsof time associatingvith othermales,apartfrom TK, who spentat least18% of
his time apartfrom otheradult males.TK wassignificantly more asocialthanthe other
males(time alone:tg = 5.28,df = 13, p < 0.001;time asonly malein a party:t; = 3.30,df
= 10,p = 0.008).
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Association Strength and Party Size

The relationshipbetweenmean (dyadic) party size and dyadic associationstrength,
oncenormalisedby logarithmic transformationsyas bestexplainedby a linear model.
For all parties(Fig. 5.6), dyadicassociatiorstrengthaccountedor 31% of the variation
in party size (F; 193 = 45.68,p < 0.0001);for partiescontainingmalesonly (Fig. 5.7),
24% (F 103=31.70,p < 0.0001).As predictedby the hypothesif tacticalassociation,
this relationshipwassignificantly negative(significancetestof gradient:all parties:tg = -
6.76,df = 103, p < 0.0001;male-onlyparties:t; = -5.63, df = 103, p < 0.0001).These
results were contrary to the predictions of the alternate hypotheses.Neither the
hypothesisof randomassociationpr that of independenattraction,were supportedoy
these data.
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Residualdor theregressiorof male-onlypartiesrevealeda transitionin the impactof
associatiorstrengthon party size. It appearedo be more importantin determiningthe
size of male-onlypartiescontaining6 or fewer individuals (Fig. 5.8). Furthermorethe
dyadswith positive associatiorstrengthsverethosewhich appearedo be attemptingto
cometogetherin small parties[dyads with associationstrengths> 0 only (male-only
parties)r? = 0.50,F; 4= 39.95,p < 0.0001].
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Association Strategies

The dendrogramfor the full, 15 months, data set separatedthe males into four

‘association’groups(Fig. 5.9): threeclusterswith high to mediumlevelsof association,
and a fourth group of outliers showinglow levels of association.The outlying group

containeda single adult male and two adolescentmales. The pattern was strongly
suggestive of at least two distinct social strategies.

The first, andtightest,clustercontainedthreemales,DN, VN, and MA. The second,
three different males (KK, BY, & MG). Thesetwo groups of highly associating
individualswerelabelled‘intense’ strategistsaseachwasa memberof a few dyadswith
high dyadic associationstrength. These males appearedto be following a high
investmentstrategywherebythey ‘spent’ their associatiortime on the formation of few,
strong,relationshipsDN andVN wereknownto havea strongsocialrelationshipandto
be alliance partners, as were MG and BY for at least part of the study.

The otheradultmales,asidefrom TK, weremuchlesstightly clustereddividing their
time amongstmost or all the other males, a strategy describedas ‘gregarious’.
Associationstrengthsfor dyads containingthesemaleswere lower and more evenly
distributed than was the casefor ‘intense’ strategy males. The gregariousstrategy
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permitted much greaterflexibility in social relationships,and the monitoring of the
relationships between others.

For the secondgroup of ‘intense’ strategiststhe clusteringwasnot astight asfor the
first. This may have beermueto the individualsin the secondclusterfollowing eithera
mixed strategy,or simply be the resultof changedetweenthe two strategieswithin the
15 month period summarised here.
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Figure 5.9. Dendrogramshowing the resultsof clusteranalysisof dyadic associationstrengths.
Individuals cluster into three main groups: outlying asocial males, ‘gregarious’ association
strategists, and ‘intense’ association strategists.

Similar trends were apparent in the two-dimensional scaling plot (Fig. 5.10).
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2 separateshe two groupsof ‘intense’ strategists Furthermorethe seconddimension
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separatedhe gregariousmales.This dimensionmay describesomeaspectof flexibility

in strategy.Males with negative values on this dimensionwere more consistentin

associationstrategythan thosewith positive values.Alternatively, this dimensionmay
represensocial stability; maleswho had stable sociaktatusfell below the axis, males
with unstable social status fell above the axis.

Dynamic Associations

Associationstrength,the tendencyof a dyad to associateyaried considerablyfrom
month to month within a particular dyad. Figures5.11a-d,line plots smoothedusing
Microsoft Excel™, illustrate this. Changesin associationstrengthappearedo be non
randomandto respondto changesn inter-individual relationshipsThis canbe seenin
Figure 5.11a,where DN’s associationswith eachof three key malesare plotted. MA
becamea closeassociatiorpartneras DN attainedalphastatus,while MG’s association
with DN variedinverselywith VN’s associatiorwith DN. This implies eitheravoidance,
or exclusion, such that the DN-VN dyad existed at the ‘expense’ of the MG-DN dyad.

These changem associationsvere reflectedin the changesn associationstrategy.
The dynamicnatureof individual associatiorstrategiedecameapparenin the analysis
of the threemonth time blocks. The results of the cluster analysis(Fig. 5.12) were
interpretedusing the sameline of reasoningas usedbefore. DN pursuedan intense
strategy throughout 1995, maintaining his alliance with VN, although not until the
secondquarterwashis superiorstatusacknowledgedy MG. Only in the secondhalf of
the yearwas DN the undisputedalphamale. MG, in contrast,changedhis association
strategyat leasttwice. Having acknowledgedhe lossof his high, possiblyalpha,status
he switchedto a gregariousstrategy,only to returnto an intensestrategy,forming an
alliance with BY, to challengefor high rank. BY was injured, possibly during a
challenge,and subsequentiyMG appearedo relinquish his challenge,and pursueda
more mixed strategy.Similar patternswere seenin the two-dimensionalscaling plots
(Fig. 5.13).
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Figure 5.11. Smoothedplots of monthly dyadic associationstrengthsfor males of the Sonso

community, illustrating the dynamic nature of individual associations.
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DISCUSSION

The associatiorpatternsof male chimpanzee®sf the BudongoForestare bestexplained
by the hypothesisof non-random tactical associationDifferent associationstrategies,
responsiveto changesin social circumstancesare indicatedby cluster analysis.The
dyadic associatiorpatternsthroughwhich thesestrategiesare expressedan be highly
dynamic,and mostcrucially, thereis a highly significantnegativerelationshipbetween
the tendency to associate and party size, an effect more prominent in small parties.

Chimpanzeessociationsre generallyconsideredo be constrainedthroughfeeding
competition,by food supply (Wrangham,21977,1986; Chapmaret al., 1994), suchthat
largerparty sizesoccurat timesof abundanceln the Sonsaregionof Budongo,however,
averageparty size varies little in relation to behaviour,and showsno clear seasonal
pattern.Furthermore Plumptreand Reynolds(personaktommunicationhavefound that
asfood abundancencreasesparty size for Sonsochimpanzeeslecreasesignificantly,
assessed on a monthly basis.

This suggestshat food resourcesnay be more abundanin the Sonsoregionthanin
some other areas(Gombe: Wrangham,1977; Kibale: Wrangham,1986; Chapman&
Wrangham,1996), and that such resourcesare fairly evenly dispersed.Observations
suggesthatabundanfood resourceslo not occurin patchesmallenoughto excessively
constrainthe size of foraging parties.Foragingconstraintson Sonsochimpanzeeseem
to be fairly constantandabsolutelylower, thanthosefacedby someother populations
(for example,the Kanyawarapopulation: Chapman& Wrangham,ibid). As a result,
variationin party sizeandthe compositionof partiesarelikely to be duemoreto social
than ecological factors, as concluded by Plumptre and Reynolds (personal
communication).

Strategic Association

Theideathatchimpanzeebsehavepolitically, showingflexible behaviouraktrategies,
was presentedoy deWaal (1982), basedon his study of captive individuals. A key
differencebetweencaptiveandwild chimpanzeess the ability of wild chimpanzeeso
changetheir associatesand it hasbeen suggestethat captive animalsshow complex
socialstrategiessaresponseo theirinability to spendiime apartfrom their companions
(Goodall, 1986). While examplesof tactical behaviour have beennoted in wild
chimpanzee$Goodall, 1986; Nishida, 1983; Ueharaet al., 1994) they haveoften been
describedby critics asmere‘anecdotes’ althoughit is now clearthatwild chimpanzees
do pursuesocial strategies(Nishida & Hosaka,1996). In searchingfor examplesof
tactical behaviour, the emphasis has remained with highly observable social interactions.
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Herel haveattemptedo stepbackfrom the level of interactions,andto examinein
detail the choiceof associatiorpartners.Individuals’ associatiorpriorities are likely to
differ, and as a result a compromisebetweenthese priorities determinesobserved
patternsof associationand so providesthe foundationfor elaboratesocial interactions.
The mostfundamentaktrategicbehaviourshouldthereforeexist, togetherwith the most
frequent use of tactical decisions, in inter-individual associations.The cognitive
capacitiesseenin captive chimpanzeesre unlikely to remaindormantin the natural
habitat (Humphrey, 1976); cognitive abilities will have evolved only if usedto some
advantagelf chimpanzeesare changingtheir associationpartnersin order either to
interact with other individuals, or simply to monitor both their own and others’
relationshipstheywill be requiredto continuallymakedecisionsabouttheir association
partnersand thus whetherto join, leave,or remainin a party. The decisionshould be
basedon the presenceind absencef particularindividualsalreadyin the party, aswell
as party size. Sucha processwould require the continuing use of immensecognitive
power (see Whiten & Byrne, 1988a), and provides a possible explanationfor its
evolution.

The percentagedor time spentalone given here are much lower than have been
reported previously (Wrangham & Smuts, 1980; Wranghamet al., 1992), almost
certainly becausethe data were unavoidably biased towards parties. This bias was
introducedby using vocalisationsto locate chimpanzeesand evenwhen searchingat
randomthe probability of locating a party is greaterthan finding a lone individual.
Neverthelessthe data do permit comparisonsbetweenmales, even though absolute
levels may be an underestimate.

The amountof time adultmalesspendapartfrom all otheradultmalesis indicative of
their sociability, and the bias against lone individuals is reduced by including
associationbetweena single adult maleandfemalesandjuveniles.All the adult males,
asidefrom TK spendonly a small and similar proportionof their time apartfrom other
males.The lack of a correlationbetweentime apartfrom other malesand association
strategyimplies that the two strategiesare true alternatives,at least as far as time
allocationis concernedThe pursuitof a particularstrategyis not relatedin any obvious
way to ageor sizedifferencesalthoughTK’s asocial'strategy’ may be anexampleof a
makingthe ‘bestof a badjob’ (Krebs& Davies,1987).0Ild andcrippledin both hands,
TK has extremely low social status.

In the absenceof dataon lifetime reproductivesuccessit is impossibleto establish
whether the associationstrategiesare true evolutionary alternatives, although this
possibility exists. In a very real sensethesestrategiesare only components—tactics
within tactics—of the chimpanzees’mating strategies,and to attribute reproductive
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benefits to one or another association pattern would be immensely difficult.

Party Size

Partiesformedby Sonsochimpanzeesappeato reflecta compromisebetweerthetactics
pursuedby eachmale, togetherwith the availability of receptivefemales.The results
presentedheresuggesthat chimpanzeanalesselectivelyattemptto form small parties,
rather than being forced into small parties by resource availability.

Smallerparty sizesmay provide an easiersocial environmentfor the developmenof
relationshipswith lesschanceof interferenceby othermales,anda more advantageous
competitiveenvironmentwhenencounteringeceptivefemales It may bethathigh status
malesare lesslikely to monopolisefemaleswhenvital allies are potentialcompetitors.
Alternatively, or additionally, if a small party of malescoalesceswith a female-only
party containingmorethanonereceptivefemale,theneachmalehasa greatetdikelihood
of copulating,and possiblyachievingfertilisation. In effect,eachmale‘wins by default’
against the absent males, at least in terms of immediate access.

The optimal party sizefor anindividual chimpanzeenay in fact be smallerthanthose
in which hefinds himself,andwhile freeto leavea partythis choiceis constrainedy the
behaviourof eachof the othermales;if all desiredpartnersarein the currentparty,then
the individual hasto endurethe largeparty in orderto associatevith them.If a small
numberof individualsdo leave,othersmayfollow in anattemptto remainin association,
preventingthe formationof a party of optimal size.Alternatively, the individual may be
unableto find otherswith whomto associatendforcedto spendtime alone,in whatis,
in effect, a sub-optimal sized party.

Fromanindividual chimpanzee’perspectivethe averagenumberof companionsnay
be lesscritical thanthe identitiesof thoseassociatesparticularlywhen costsof feeding
competitionare reducedby multiple patchesof abundantfood. The compositionof a
party may be more importantin determiningan individual's behaviourthanthe size of
that party.

Core Parties

At Budongo therewasno evidencdor the formationof ‘core parties’containingmostor
all of the adultmales,a featurecommonto otherlong-termstudysites(Mahale:Nishida,
1968; Gombe:Goodall,1986; Tai: Boesch& Boesch,1989;Kibale: Wranghamet al.,
1992). The function of core parties has yet to be determined,and three plausible
explanations as to their non-occurrence in Budongo come to mind.

Core parties,wherethey are found, often occur only seasonallyAt Kibale, they are
associateavith a large overall party size and high food abundanceKibale chimpanzees
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have beerfound to feed only on a few preferredfood items (Wranghamet al., 1996),

which oftenoccurin largegroves(C. A. ChapmanpersonacommunicationWrangham
et al., 1996). Highly abundantfood may therefore be highly clumped, incidentally

resultingin the formationof coreparties.During the courseof this study,food resources
in the Sonsoregionof Budongowerewidespreadvith a numberof patchesof the same
food availableat the sametime (personalobservation). A fairly even spatio-temporal
distributionof food patchesnay enablemalechimpanzeeo continuethe pursuitof their

associatiorstrategiesforming smallto mediumsizedparties,freedfrom the restrictions
of highly clumped resources.

However, core partiesmay servea defensivefunction in inter-communityrelations.
Shouldpatchesof highly desirablefood itemslie nearcommunityborders,or in border
zonesbetweernterritories, the possibility of encounteringnalesfrom othercommunities
may precipitatethe formation of large parties,containingmostor all males,by foraging
chimpanzeesThis would both protect party membersfrom attack, and deter inter-
community competitionover food resourcesCore partieswould thus be predictednot
only to occurmore frequentlyduring periodswherefood patchesare highly dispersed,
particularlyif thevalueof eachpatchis high (asoccursin Kibale), butalsoto occurmore
frequentlyat the edgesof a range.They alsowould be predictedto be morefrequentin
communitieswith fewer adult males than neighbouringcommunities,particularly in
proportion to overall community size and the relative resource value of the home range.

An increasein territorial pressurefrom neighbouringcommunitiesresulting in a
reductionin communityrange (seefor example,Goodall et al., 1979) shouldincrease
the frequencyof core-partyformation. The absenceof core partiesin Budongo may
indicatealack of suchpressureperhapsiueto therelativelylargenumberof adultmales
in the Sonso community.

The formationof core partiesmay only be possibleunderrelatively stableconditions
whencooperatiorbetweenthe maleswill be morelikely. Intensifiedcompetitionduring
periodsof socialinstability may mitigateagainstheir formation. The periodof this study
wasoneof somesocialinstability for the Sonsocommunity,with achangan alphamale,
andthis providesa plausibleproximateexplanatiorfor the absencef corepartiesin this
community.If corepartiesform in responsdo threatsfrom neighbouringcommunities,
periodsof within-communityinstability may be particularlyhazardougo residentmales.
As aresult,instability within onecommunity,may, if a neighbouringcommunityis both
strong and stable, lead to inter-community instability, and the expansionof one
community’s range at the expense of the other’s.

This process,and the ensuinghazards,can be seenin the long term recordsof the
chimpanzee®f the GombeNational Park.In 1971, during a two year period of social
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instability, the KK study communitysplit into Kasakelaand Kahamacommunities.The
instability in the KasakelacommunityendedwhenFiganattainedalphastatus(Goodall,
1986).With Figanatthe startof asix yearperiodasalphamale,the Kasekalacommunity
expandedits range to the north, before beginning the annihilation of the Kahama
community to the south (Goodall, et al., 1979). Another two year period of social
instability ensued after Figan lost his alpha status, during which the Kasakela
community’srangecontractedn the face of pressurdrom communitiesfrom the north
and south, culminating in 1982 with males from the southernKalande community
travelling into the core of the Kasakelacommunity’shomerange(A. E. Pusey personal
communication; Goodall, 1986).

The flexibility eachmalehasin his associationgs constrainedoy ecologicalfactors,
particularlythe degreeof clumpingin food resourceshothdirectly andvia theimpacton
female distribution, and territorial threats of neighbouring communities. However,
chimpanzeeslo not needto feed continually, and unlessthe communityis relatively
small or containsrelatively few adult males,threatsare likely to be a problemonly at
rangeboundariesTime and spacethusremainavailablefor malesto associateactically
in small parties.Social pressuresnediatingreproductivesuccessnay have beerat least
as important as ecological pressuresin shaping chimpanzeesociality, with the
developmentof the fission-fusionsystemrequiring high cognitive ability and tactical
behaviour.
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Chapter 6
RANGING PATTERNS

“They traveled for the most part upon the ground...[and] roamed a
tract...almostcontinually, often cover[ing] the territory in a very few days.
Much dependedon food supply, climatic conditionsand the prevalenceof
animals of the more dangerousspecies...though...often...fap other reason
than that...[they] had tired of remaining in the same place.”

E. R. Burroughs, Tarzan of the Apes, 1912

INTRODUCTION

Detailing rangingbehaviouris fundamentako an understandingf associatiorpatterns
andensuinginteractionsyevealingthe opportunitiesndividualshaveto interact,andthe
degreeto which oneindividual may be ableto predictthe location of others.However,
rangingbehaviourof male chimpanzee$asreceivedessattentionthanthat of females,
and remains poorly understood.

Femalechimpanzeesiave beerfound to spendthe majority of their time within a
relatively restricted'core area’while malesrangemorewidely, patrolling the boundaries
of a sharedhome range (Wrangham,1977,1979; Wrangham& Smuts,1980). These
observationdiave beeinterpretedn thelight of theoreticalconsiderationsf the factors
limiting reproductivesuccessThe resultis a model of chimpanzeesociality in which
femalecore areasfunction asdispersedoraging areaswhilst malesrangefairly evenly
(Wrangham,1975,1986) over an areacontaininga numberof femalecore areas Males
areregardedascooperatingo defendaccesgo thesefemalesfrom malesin othergroups,
a singlemalebeingunableto defendaccesdo oneor morefemalesbecausef the sheer
size of femalecore areas(Wrangham,1979; Mitani & Rodman,1979; Dunbar,1988a).
Relationshipsbetweenneighbouringgroups of malesare thus competitive,and often
intensely hostile (Goodall et al., 1979; Nishida, 1979).

Modelsof malereproductivestrategiegDunbar,1988a)supportthe notion that males
searchfor reproductivelyactive, or cycling, femalesat randomthroughouttheir shared
range,in the processforaging and defendingthe community territory. An alternative
strategy remainingwith a group of femalesbecomesa betteroption only whenfemales
form relatively large,somewhastable,groups,or whenthe distanceat which malescan
detect females is very short.
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Furtherobservationsuggesthowever thatthe currentlyacceptednodel (Wrangham,
1975,1979) is anincompleteexplanatiorof malechimpanzegangingpatternsandthus
their reproductivestrategies Chimpanzeemalesspendmuch of their time associating,
andinteracting,with othermales, forming therelationshipsvhich appeaitto be critical in
determiningtheir reproductivesuccesg§Wrangham 1986;Nishida& Hiraiwa-Hasegawa,
1987).Suchinteractionsoccurin smallparties,which rarely containmorethana fraction
of the community’s males. Pursuit of particular relationshipsrequires non-random
association patterns (see Chapter 5) and by implication, non-random ranging strategies.

Male chimpanzee®f the Kasakelacommunity in the Gombe National Park spend
80% of their time in relatively restrictedparts (40-60%:Wrangham& Smuts,1980) of
the communityrange,occupyingcoreareasvhich areon averagdargerthanfemalecore
areas,but otherwisesimilar; evenly distributedover the community range and almost
completelyoverlapping(Wrangham1977; Wrangham& Smuts,1980). No evidenceof
a sex differencein patternsof rangeusewas found for the Kanyawaracommunity of
Kibale National Park, other than more frequentsightingsof malestowardsthe edgeof
the trail system (Chapman & Wrangham, 1993).

Wrangham’soriginal model(1975)doesnot precludethe existenceof malecoreareas,
althoughit doesnot predictthem either. In the absenceof detaileddataon individual
rangingpatterngdWrangham1977),his model,for convenienceassumedho differences
betweenmalesin their ranging patterns(Wrangham,1979). As a result, subsequent
thinking hasignoreda potentiallyimportantfacet of male chimpanzedehaviour.Male
core areashavenot beenassessedjo functional explanationfor their existencehasyet
beenmade,and no attempthasbeenmadeto explainwhy male ranging patternsmight
deviatefrom the expectationf the currently acceptednodel of chimpanzeesociality.
Furthermoretheimplicationsof restrictedrangingfor male matingstrategiedhaveyetto
be examined.

Thebehaviourof femalesappearslsoto castdoubton the assumeadnating patternsof
chimpanzeesFemalesdo not appearto remain in their core areaswhen sexually
receptive but may seekout and associatevith adult males.Whencycling and showing
full or partialanogenitakwelling, femalesareknownto rangemorewidely thanat other
times,associatingvith adult malesandtravellingthroughouthe communityhomerange
(Tutin, 1979; Nishida, 1979). Observationsat Mahale suggestthat females search
actively for mating partners.They aredescribedasapproachingadult males,copulating,
and departing (Takahata et al., 1996).

Giventheimportanceof inter-malerelationshipgor chimpanzees;onsistentlyfinding
appropriate individuals, whether allies or competitors, is likely to be of crucial
importance.The ability to predictthe location of thesemaleswould clearly aid in this
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and so be of adaptive advantage.

If malesspendthe majority of their time in relatively restrictedcoresareasandthisis
known to othercommunitymembersany individual shouldbe ableto locatethat male
with a fair degreeof predictability, at least to within vocal communicationrange.
Chimpanzeelong distancecalls, pant-hoots,are given primarily by males, and are
thoughtto summon,or at least notify, the caller’'s allies of his location (Mitani &
Nishida, 1993; Clark, 1993; Clark & Wrangham, 1993, 1994).

While the call may carry information regarding the caller’s identity, and his
approximatedirection, less information regarding the distance between caller and
receiver,is likely to be conveyedAttenuationof callsin thick forestis likely to befairly
rapid, and, througha mosaicof vegetation,unpredictableThe existenceof core areas,
particularly if highly structured,shouldaid in predictingthe location of the caller. In
thick forestpant-hootvocalisationgnay travel lessthan800 metres while in moreopen
forestthey cantravelwell overa kilometre(personabbservationZ. T. Kwede,personal
communication)Wherethe habitatcoversroughterrain vocalisationgnay be restricted
in rangeto a singlevalley. Any malewould be at an advantagef his allies knewwhere
to find him, andwerelikely to be relatively closebeforeany call is made.Males’ core
areagmay thereforefunctionto increasehe probability that malescanbe locatedby any
individual searching for them. This hypothesis yields the following predictions:

Prediction 1 Core areasare small relative to total range areas,such that
most time is spent in a small fraction of the home range.

Prediction 2 Individual males’coreareasshouldberecognisablydistinct, as
determinedby the degreeto which they overlap,with overlaps
significantly less than the near completeoverlap (95-100%)
assumedn the Wranghammodel. The risks associatedvith
rangeboundariestogetherwith competitionfor accesdo the
same females should, however, mitigate againstcompletely
dispersed, distinct and non-overlapping, male core areas.

Prediction 3 With core areas serving a social rather than ecological
function, there should be no systematicdifference between
male core areasin relationto habitat. Any habitatdifferences
should be random with respectto age, status, and social
strategy.

If the sizeandlocationof malecoreareasare producedby patternsof associatiorand
avoidancethenthe degreeof overlap,which canbeinterpretedasthe probability of two
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animalsusingthe samearea,shouldbe proportionalto the tendencyto associatelerived
from observedcompositionof parties.Pressurdo occupythe samespacemay resultin
the creationof multinuclearrangeswith eachcorea numberof discontinuousareasThe
overlap betweenthese ‘fragmented’ cores should be relatively low, as each male
becomes identified with particular locations.

Prediction 4 Core areaoverlapshouldcorrelatepositively with association
strength.

A furthercrucialassumptiorof Wrangham’smodelis thatmales‘share’a community
rangeand cooperatean its defence(Wrangham1979).Datapresentedn Chapter4, and
elsewhere (Tutin, 1979; Nishida, 1983) suggeststhat the alpha male benefits
disproportionatelyfrom groupdefenceof femalecoreareasandlower statusmalesmay
withhold cooperationin range defence(Bygott, 1979). Nishida & Hiraiwa-Hasegawa
(1987) point out that both allying with the alphamale in rangedefence,and usurping
alphastatusarelikely to be adaptivestrategiesandthatlow statusmalesmay supportan
alphamaleonly solong asheremainsstrong.Lower statusmaleswould thussupport,in
effect, the male most able to maintain group defenceof the community’s territory.
Whetheror not malescooperatan rangedefenceis likely to be determinedoy the stake
they have in community survival. If subordinate males pursue the strategy of
‘controlling’ the alphamale by withholding support,they will participatelessfrequently
in ‘border patrols’, and should have significantly smaller estimatesof rangeareasize
thanestimatedor the communityrange.Maleswho pursuea strategyof supportingthe
alphamale should have rangeareaestimateswvhich do not differ significantly in size
from that estimated for the community range.

The ranging behaviour of individual male chimpanzeesmay influence their
availability asassociatiorpartnerslf chimpanzeesreusingthe sameareasat the same
time, this providesthemwith the opportunityto associatendinteract,but saysnothing
aboutwhetherthey do so. The techniqueof “dynamic interactionanalysis”(Macdonald
etal., 1980;Kenwardetal., 1993 assessethe tendencyof individualsto bein the same
placesat the sametime by comparingthe distancesbetween‘same-time’ locations
recordedor membersf a dyadwith the averagedistancebetweenrall possiblelocations
of eachof the two individuals. Assessinglynamicinteractionasthe tendencyto usethe
sameareaon the sameday, a positive relationship betweenthe index of dynamic
interaction,and dyadic associatiorstrengthwould suggesthat associatiorpartnersare
selectedfrom those ranging nearby, or recently encounteredNo relationshipwould
indicate that other factors are responsiblefor the choice of associationpartners,and
suggest that individuals seek desired association partners.

Current estimatesof the sizes of the home ranges for different chimpanzee
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communitiesvary inverselywith perceivedhabitatquality (Table6.1). The limited data
so far availableindicatethat habitatquality, ratherthan group size, is the major factor
affecting the size of communityranges,and thusindividual homeranges.This implies
that the flexibility inherentin a fission-fusion social system offsets the effects of
increasinggroup size. High quality habitat,in relationto food supply, shouldresultin
small homerangesand high local populationdensity. Rangeareathereforeprovidesa
crude index of the habitat quality experienced by the animals themselves.

If chimpanzeaangingbehaviouris influencedby resourcedistribution, thereshould
be good evidenceof habitat preferencesThe relative frequencywith which different
habitat types are used should differ from that predictedby an assessmentf habitat
availability. Habitattypesareheredefinedby speciescomposition to reflectforesttypes
containing important chimpanzeefood species.Such a definition is likely to define
habitat types important to chimpanzees.

Table 6.1. Relationshipbetweencommunity home range, community size, and rainfall (as a
indicator of habitatquality). Modified from Wrangham(1986) & Dunbar(1988a).Datafrom: (1)
Tutin et al., 1983 (2) Ghiglieri, 1984 (3) Chapman& Wrangham,1993 (4) Goodall, 1965 (5)
Sugiyama 1968 (6) Nishida,1968.Sizesfor two studycommunitiesaregivenfor sites(4) and(6).
For methodological reasons discussed below, range sizes are likely to be overestimates.

Study Site
Mt.
Assirikl  Kibale2 Kibale3 Gombé Budongé Mahalé
Community range (kA ~300 23-30 9-15 10-13 19 10-17
Community size ~25 >44 >41 19;36 >80 27;106
Rainfall (mm) 955 1360 1360 1495 1570 1760

Resourceabundances a considerationin any study of social behaviour. Smaller
rangesshouldincreasehe probability of encounteringtherindividualsby chancealone,
andin habitatswhereresourcesre both abundantanddispersedppportunitiesexist for
individuals to vary their social environmentwithout incurring foraging costs.In small
rich habitats,deliberatesearchingfor other individuals becomesa viable strategyand
smaller rangesincreasethe probability of encounteringother parties of community
members.

Habitat-specificconstraintson visibility may also impinge on chimpanzeeggrouping
patternslLarge cohesivepartiesare a commonresponsdo predationpressurgKrebs &
Davies,1987), and this may be the casein chimpanzeegseeTutin et al., 1983). Low
levelsof visibility mayimpedeeffortsto maintainparty cohesionlf chimpanzeesreat
greaterrisk of predationin more openhabitats,both party size andthe degreeto which
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individualsbunchtogethershouldincreasewith increasingvisibility. Differencesshould
also be apparentn group activity. If individualsfeel threatenedn conditionsof either
pooror goodvisibility then theywould be expectedo spendesstime resting,whenthey
are likely to be at their most vulnerable, than predicted on the basis of habitat
availability.

Analysesof rangingbehaviourhave beermamperedoy problemswith both defining
andmeasuringananimal’'srange Rangeis mosteasilydefinedasthetotal areausedover
a specifiedtime period. Homerangeis that fraction of the total range‘habitually used’.
This definition is a succinctsummaryof Burt's (1943) generallyaccepted Seaman&
Powell, 1996) definition, “...that area traversed by the individual in its normal
activities...Occasionasallies outsidethe area,should not be consideredas part of the
home range”. This definition has the advantage of contrasting ‘home’ and ‘total’ range.

The lack of an objective method of defining ‘habitual’ has led some authors(eg
Clutton-Brock,1975)to suggesthatthe termbe avoided,usinginsteadonly quantitative
measure®f the proportion of time spentwithin eachfraction of the range.For many
speciesmeasuringthe rangeover any extendedperiod of time is impossible,and the
rangecanonly be estimated.To analyserangingbehaviourproperly,and estimatesizes
of range areas,statistical techniques,and thus quantitative data, are required. Such
methodspermit an objective definition of home range,basedon the probability of an
animal being within a particular area (Seaman & Powell, 1996).

A ‘utilisation distribution’, the“two dimensionalelativefrequencydistributionfor the
pointsof locationof ananimalover a periodof time” (van Winkle, 1975),describeghe
relativeamountsof time ananimalspendsn any place.The homerangeis thusdefined
as “the smallest sub-regionwhich accountsfor a specified proportion of its total
utilisation” (Jenrich& Turner,1969).Thetotal ‘utilisation distribution’ canbe estimated
from the observeddistribution of locations,producinga probabilistic model of home
range.

A valid estimaterequiresminimal temporalautocorrelatiorbetweenocations;thatthe
locationof ananimalattime Y is independenof its locationattime X. Thetime interval
betweensuccessivdixes must thereforebe sufficient for an animalto move from any
locationwithin the rangeto any other. A large enoughsamplesizeis neededo ensure
thatthe modelis a goodestimate Whensufficientsampleshave beetaken,a cumulative
plot of observedlocations againstestimatedhome range area reachesan asymptote
(Harris et al., 1990), such that further sampling does not significantly alter the estimate.

A rangethusdefinedwill be that habituallyusedby the animal,asoccasionaforays
beyondthe definedrangeboundariewill notinfluencethe positionof thoseboundaries,
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so long as the forays are only of short duration. Should an animal be transient,or
dispersing,and thus have no homerange,an asymptotewill not be produced(Bowen,
1982; Harris et al., 1990).

METHODS

Data Collection

Ranging Data

Locationdatawerecollectedduring 15 minuteinterval scansamplingfor all independent
individualspresentn the party. The distanceof the focalanimalfrom a knownreference
point on thetrail systemwaspacedon east-wesandnorth-southcompassearingsThis
‘known location’ was mostoften the nearesintersectionof trails. The location of other
individuals was paced,or occasionallyisually estimatedfrom the locationdetermined
for the focalmale.Whenchimpanzeesverearboreal this pacingwasdone froma point
immediately below the subject. When subjectswere on the ground, visual estimation
would be usedfor distancesip to 10 metres,in conjunctionwith pacingalonga parallel
bearing, to minimise disturbanceto the animals. On many occasionswhen the
chimpanzeesvererestingon the ground,andwhensubjectsveretravelling, the location
would be marked,and returnedto later. The majority of pacingwas conductedoy my
field assistantwhile I conductedfocal samples.Visual estimationand short distance
pacingwereconductedy bothobserverswith trials indicatinga high degreeof accuracy
and inter-observer agreement (Appendix 3).

The paceddistancesvere convertednto a scorerangingfrom -1 to 5, reflecting25m
incrementdrom thetrail intersectiomactingasorigin for the grid squarecoordinategsee
Chapter2): 1 (1-25m), 2 (26-50m),3 (51-75m),4 (76-100m),5 (first 25m beyondthe
nexttrail). Zero (0) wasusedfor locationson trails, and-1 for the first 25m beforethe
appropriatetrail—the subjectwas in an adjacentblock. This situationarosewhen the
partywasdistributedaroundatrail intersectionandindividualswerein blocksotherthan
that containing the focal.

Trails werenot completelyregular,andsonot all blockswere100mx 100m.Thiswas
overcomesomewhatby pacingto the nearestcorner, althoughoccasionally,when the
chimpanzeesvere deepwithin a block, and the observersnvere unawareof the closest
trail, pacingwasnot to the nearestorner.Pacingwasthe fastestmethodof determining
distancesptherthanvisual estimationwhich itself wasseverelflimited in range.'/Range
finders’ with a limit of 30 metreswere available, but poor light and low levels of
visibility, combinedwith the limited maximumrange,precludedtheir use.A tapeonly
gaveaccurateeadingswhentaut, andnot tangledover vegetation Collapsingthe paced
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distancego 25n® blocksis a conservativeapproacho the accuracylimits of the methods
usedto define location; in many casesthe location of individual chimpanzeesvas
accurateto within 10, and possiblyto within 5 metres.Suchaccuracyis likely to have
fallen away when recordinglocationsaway from the trail system,and | judged25m
blocksto give a sufficientdegreeof accuracyacrossall samplessimilar to manyradio-
tracking studies of medium sized mammals (Forde, 1989; Harris et al., 1990).

Habitat Data
Point Sampling

The habitatusedby the chimpanzeesvas assesseds part of 15 minute instantaneous
sampling. With eachscan,data on sevenhabitat variables(nearest5 treeswithin 10
metres slope,visibility) wererecordedseeChapter3). A comparablanethodwasused
to determinethe availability of habitattypes,the samedatabeing collectedfor 1000
randomly determinedpoints. These points were generatedusing a simple BASIC
program written to produce series of coordinatesrelated to a 25m x 25m grid
superimposedpona mapof thetrail system.This grid extendedeyondthe limits of the
trail systemto cover more completelythe areausedby the chimpanzeesPointswere
visitedin the mostefficient mannempossible samplingpointscloseto oneanotherduring
the samesamplingperiod. Five of the 1000 points overlappedwith previouslysampled
points, and as a result only 995 random point samples were collected.

At eachpoint, the sevenhabitatvariablesdescribecaboveweresampled Collectionof
datawas primarily doneby my field assistant—thisnethodof samplingwasonly made
possibleby his extensiveknowledgeof treesandvery rapid, and precise identification.

For unknownspeciesa samplewastaken,which | identified laterwith the aidof botanic
keys (Hamilton, 1981; Hawthorne, 1990), and the combined experience of project staff.

Line Transect Sampling

Systematidine transectsamplingis an alternatemethodof assessin@vailablehabitat.
Seventransectsvereused five which ran east-westandtwo which rannorth-southThe
east-westransectswvere the five transectsusedby the BudongoForestProjecthabitat
survey(Plumptre& Reynolds 1994), althoughthreewereextendedo the eastto sample
areasf forestknownto fall within the chimpanzees’ange.Useof existingtransectines
providesthe opportunityfor a direct comparisorof results.Eachof thesefive transects
waslocatedin a stratifiedrandommanner(Plumptre& Reynolds,bid). The north-south
transectsvere selectedrom existingtrails asthe two furthestapart,to sampleareasnot
covered by the original lines. Habitat changedmore noticeably along north-south
gradientswithin the studyarea,andit seemsunlikely thatthe non-randonmplacemenbf
theselines would lead to anomalousresults.The N-S transectswvere 4500 metresand



RANGING PATTERNS 6.9

3250m in length,and1km apartin aneast-westlirection.The E-W transectsere (from
north to south) 2100 m, 2225 m, 2200 m, 2375 m and 3325 m in length.

Samplingwas conductedat 25 m intervals; at eachinterval, identical datato those
collectedby randompoint samplingwererecordedldentificationof treeswasconducted
by my field assistant.

Data Analysis

Ranging Data

In orderto usemanyof the sophisticatedechniquegievelopedo analyserangingdata,a
minimal level of temporalautocorrelatiorbetweendatapointsis necessaryo ensuredata
points are independent(Swihart & Slade, 1985; Harris et al., 1990). In addition,
dependencéetweenindividuals should be minimal, to enablevalid comparisonsof
rangeareaand overlap. The estimateof an individual’'s rangemust be freed from any
biasintroducedby associatiordecisionsmadeby the animalif it is to be usedto testfor
such decisions.

To minimise temporalautocorrelation] calculateda maximum rangeareafor two
wide rangingmales,and, following Rodman& McHenry (1980, calculatedan average
travel speedor chimpanzeesThisis not simply a theoreticalstraight-linespeedf travel
(seeHarris et al., 1990) but takesaccountof the meanderingwvhich is characteristicof
chimpanzeetravel. It was not possible to calculate average speed for Budongo
chimpanzeesasthe methodsusedhereprecludedhe calculationof dayrangelengthand
so | useddatapresentedn Wrangham(1977). The figure wasin closeagreementvith
that calculated by K. Hurfpersonal communication).

Numerousdawn-duskfollows of single individuals were conductedby Budongo
Forest Project field assistantsput thesewere heavily biasedin favour of short day
ranges—wher¢he chimpanzeebadbeenfollowed awayfrom the trail system no effort
wasmadeto recordlocationuntil theyre-enteredhe trail systemandthustheserecords
were not useful for calculatingday rangelength. Comparisonof rangedimensionsand
travel speedindicated an interval of 2-4 hours betweensuccessivedocations would
provide sufficient time for an individual chimpanzeeo move from any onelocation
within the range to any other. | used a four hour time interval.

For eachadultmale,a data-sebf locationsseparatedby at least4 hourswasextracted
from scansamplerecords.Thesedatasetscontainedrecordsonly whenthe subjectwas
focal, first sightedafter aninterval of overfour hours,and,whereanindividual wasin a
party for morethanfour hourscontinuallywithout beingthe subjectof a focal samplea
single record of location separated by more than four hours from the preceding record.
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A regulargrid of north-southand east-westines, each25m apart,was superimposed
uponanenlargedmapof the studyarea.For eachrecordin eachmale’slocationdataset,
the grid squareand the 1-4 coordinatesystemwas convertedto a location within this
grid. Recordswhich lay outsidethe trail systemwerein the form of a numberof paces
along a compass bearing. These were converted directly into east and north coordinates.

Locationdatarecordedby BudongoForestProjectfield assistantsvasgenerallynot of
sufficientaccuracyto allow its inclusionin thesedatasets.Threesuchpoints,which had
beenvisited by myselfand my field assistantyvere of sufficientaccuracyto allow their
inclusion.

Analysis Techniques

Variousmethodshave beemevelopedor the analysisof homerangedata.The simplest
are the ‘non-statistical’ empirical techniquesminimum convex polygonsand grid cell

analysis, the former beingthe mostwidely usedtechniquen homerangestudies(Harris
etal., 1990).Both techniqueshave beemsedin studiesof chimpanzeeangingpatterns
(Wrangham, 1975; Wrangham & Smuts, 1980; Chapman & Wrangham, 1993).

A minimum convexpolygon (MCP) is the smallestareapolygonto encompassill of
the animal’slocations,or ‘fixes’. As such,this methodis heavily biasedby the presence
of outlying, peripheralfixes, and thus fails to exclude “occasionalsallies outside the
area” (Burt, 1943).1t alsofails to provide any informationaboutthe internal ‘structure’
of the range.lt is, however,the only methoddirectly comparablebetweenstudies,and
for this reason alone Harris et al. (1990) recommend its use in all studies.

Grid cell analysisis a good method for the examinationof habitat usage and
conspecificinteractions,althoughless useful for determiningrangearea(Harris et al.
ibid). Grid cell analysisis highly sensitiveto the size of the grids used(Clutton-Brock,
1975),requiringsmall grid cellsto provide accurateresults.It thusrequiresa large data
set,which may be prohibitive for largerangeareas.For thesereasonsthis methodwas
not used in this study.

Statisticaltechniquedor the analysisof rangingdataaremorecomplex,andmodelthe
animal’'srangingbehaviourbasedon a sampleof fixes. The modelsattemptto construct
a ‘utilisation distribution’ for eachanimal.Simple probabilisticmodels,suchasbivariate
normalellipses(Jenrich& Turner,1969),assumehe patternof ananimal’'suseof space
conformsto a specificdistribution,usuallysomeversionof the normaldistribution. They
can thus be describedas parametric.This assumptionis unlikely to hold (Seaman&
Powell, 1996; Kenward & Hodder, 1996), and these methods are not used here.

Non parametridechniguesnclude harmonicmeanandkernelmethodstogetherwith
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clusteranalysisand Dirichlet’s tessellationgWorton, 1989: Dixon & Chapman,1980;
Kenward, 1987; Wray et al., 1992).

The harmonicmeanmethodprovidesdetailsconcerningoothrangeareaandstructure.
It is not particularly sensitiveto departuresrom normality, and hasbeendescribedas
“elegant” (Harrisetal., 1990).The techniquemodelsthe utilisation distributionusingthe
distributionof fixes, but is unfortunatelyvery sensitiveto differencesin the accuracyof
locatingfixes (‘tracking resolution’),andto the grid sizeusedduring analysis(Kenward
& Hodder,1996). Different implementationsof the techniquesare thus likely to give
differentresults(Kenward& Hodder,ibid). Although BoulangerandWhite (1990)found
this to be the bestmethodof homerangeestimation the techniques not usedheresince
it has beensurpassediy developmentdn the ‘kernel’ method of analysis(Worton,
1989), which currently appeargo be the mostaccuratetechniqueavailable(Seamant
Powell, 1996).

Kernel analysis uses the kernel density estimator, a non-parametricstatistical
techniquefor estimatingprobability densitiegSilverman,1986),to modelthe utilisation
distribution. The kerneldensityestimatoris notinfluencedby grid sizeeffects(unlike the
harmonicmeanmethod),and can potentially estimatedensitieswhich are non-normal
(Seamar& Powell, 1996).The width of the kernel,or probability distribution,is known
asthe ‘'smoothingparameter’.The density (at any onelocation) is the amountof time
spentat thatlocation. During dataanalysis,eachobservatiorpoint, or fix, is replacedoy
a kernelwith a density correspondingo the amountof time spentat that location. A
regular rectangular grid (unrelated to that used to record the observations)is
superimposedand for each grid intersectionan estimateof density (time spent)is
obtained.This estimateis basedon information from all observationpoints, with those
close to the intersectioncontributing more to the estimatethan those far away. In
essencethe densityestimateat anintersectionis a weightedaverageof the densitiesof
all kernels which overlap that intersection (Seaman & Povil).

High values of the smoothing parameterproduce wide kernels, emphasisingthe
generalshapeof the distribution, and ‘smoothingout’ the resultantrange.Low values
producenarrow kernels,and emphasisaletailsin the datastructure(Seaman% Powell,
1996;Kenward& Hodder,1996).Different valuesfor the smoothingparametecanhave
significanteffectson rangesize,one of the primary drawbacksf this method(Harris et
al., 1990). The smoothingparametercanbe determinedobjectively by a methodknown
as ‘least squarescrossvalidation’ (LSCV: Silverman,1986). This methodsub-samples
the datasetin the mannerof a ‘jackknife estimator’,and searchedor the smoothing
parametemhich givesthe lowesterror (the “mean integratedsquareerror”. Silverman
ibid; Worton, 1989) associatedwith the density estimate. Non-normal utilisation
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distributionscanthus be modelled,with the kernelbeingtailoredto the animal’'suseof
space.

Kernel analysiscan be conductedWorton, 1989; Seaman& Powell, 1996; Kenward
& Hodder, 1996) as fixed (smoothingis the same for all areas),adaptive (more
smoothingfor low density areas,less for high density areas),or inverse adaptive.
Adaptive kernel analysisadds emphasisto areaswhere only few observationswere
observed,and was initially thoughtto provide more accurateresults (Worton, 1989).
More recently,fixed kernelshave beerfound to give betterresults(Seaman& Powell,
1996). Data structurecan howeverinfluencethe resultsof kernelanalysis,and for this
reasont wasdecidedto usebothfixed andadaptivekernelanalysishere.Kernelanalysis
is, unlike harmonic mean analysis, little influenced by outliers, but for a modelling
techniquerequiresa relatively large numberof fixes (50 - 150, Seamar& Powell,ibid).
For LSCV to find optimal smoothingparametersthe error in locatinganimalsmustbe
small in relation to range size.

Other techniques,such as Dirichlet’'s tessellations(Wray et al., 1992) and cluster
analysis (Kenward, 1987), are particularly useful in identifying core areas. These
techniquegproducesimilar results(Kenward& Hodder,1996).Theyarenon-parametric,
but requirerelatively high numbersof fixes to provide accurateresults.Clusteranalysis
is a step-wiseprocesan which the two nearesfixes arejoined to form a single cluster,
thefix nearesto this clusteris addednext,unlesst is closerto a fourth fix in which case
a secondclusteris formed. This processcontinueswith clustersbeingjoined whenthe
nearesfix to a clusteris alreadywithin a cluster,until the requiredpercentagef fixes
are included (Kenward, 1987).

Two methodsof determiningthe distancebetweenfixes were available, ‘nearest
neighbour’,and ‘centroid’ (meandistanceof fix to all otherfixes in the cluster). The
‘nearestieighbour'methodis suggestedo providebestresultswhenthe animalmakesa
seriesof foraysfrom a ‘home base’(Kenward& Hodder,1996). This is not typical of
chimpanzee behaviour, and so the centroid method was used to determine distances.

To summariseminimum convexpolygonswere usedto provideaninitial estimateof
rangearea,comparableacrossstudies Kernelanalysesboth fixed andadaptivemethods
implementing least squarescross validation, were used to provide more accurate
estimate®f rangeareaanddetailsof rangestructure Clusteranalysiswasusedsimilarly,
but especially to provide detail of range cores.
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Analysis Conducted

Homerangeswerecalculatedor eachof the adultmales for the period10/94- 12/95.
Once data were selectedto ensureindependencebetweensequentiallocations and
betweenindividuals,the numberof datapointsfor eachmalewasjudgedinsufficientto
warrant analysisby time blocks. Individual male’s data setswere merged,excluding
same time, same location records, and the resultant file analysedusing the same
techniques to produce estimates of community home range.

Althoughit is usual(Cresswell& Harris,1988;Harriset al., 1990)to specifythe area
enclosing95% of fixes asthe homerange,therebyexcludingBurt’'s (1943)“occasional
forays”, | decidedto use100%inclusionto definehomerange.This wasbecausestudy
animalswere occasionallysightedbeyondthe areathey were systematicallysampled,
andoccasionallyfollowed on suchshortdurationforays. Theselocationsdid notappear
in the data set used for ranging analysis.

Therangegresentedherearethusnot total rangesoverthe studyperiod,but estimates
of habituallyusedareaspr homerangesincrementakreaanalysis(Kenward& Hodder,
1996) was usedto determinewhetherrange areasreachedasymptotesand were thus
good estimatesof home range. Spearmanrank correlationswere usedto determine
whether estimated range area was independent of the number of locations for each male.

The same data sets were also usedto calculatethe size of core areas,defined,
following Wrangham(1979),as80% of the utilisation distribution;the areaswvherethere
was an 80% probability of locatingthe individual at any particulartime. For both home
range and core areas,agreementdetweenthe different analysismethodologieswere
assessedising Spearmarrank correlations,and to determinewhetherrangeand core
areaswererelatedto statusandassociatiorstrategy.Rangecharacteristic®f the asocial
maleTK werecomparedo thatof socialmalesusingStudent’st-test,comparinga single
observatiorto a sample.The fraction of eachmale’srangewhich accountedor his core
area was calculated as a percentage.

The degreeto which two individuals use the same area can be determinedby
measuringhe overlapbetweenrangeswith eachoverlapconsideredasa percentagef
the range‘shared’with anotherindividual. As rangeareasdiffer, the percentagef A’s
rangeoverlappedby B canbe differentfrom the percentag®f B’s rangeoverlappedoy
A. Assessingall dyadic overlapsproducesan asymmetricalmatrix, in which areasin
rows are overlapped by areas in columns.

The degreeof overlap betweenindividual male core areaswas investigatedusing
Kruskal-Wallis one way analysesof variance,and Mann-WhitneyU tests,comparing
identity, status,and associatiorstrategywith the degreeof overlapbetweencore areas.
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Mann-WhitneyU testswerealsousedto comparethe mediandegreeof coreareaoverlap
determinedby both cluster and kernel analysiswith a set of randomly determined
overlapsfalling between95 and 100%, to testwhethermalesconformedto one of the
assumptiongnade about their ranging behaviourin Wrangham’s(1975) model. The
range95-100%waschoseno representain ‘almostcomplete’overlap. To determinethe
tendencyof individualsto be in the samepart of the forest on the sameday, dynamic
interaction analysis was used.

Dynamic interaction analysis comparesobserved,and possible, distancesbetween
pairsof animals.The averageadistancebetweenall sametime (here,sameday) fixes for
eachpair is calculated,and comparedto the samemeasurecalculatedfor a numberof
possibledistance®qualto the squareof the numberof sametime fixes (with amaximum
of 5000 possibledistances)Possibledistancesare thosebetweenany of the observed
locationsof eachof the animalsirrespectiveof the temporalrelationshipbetweenthe
fixes. The differencebetweenthe observedand predictedlocationsis expresseds an
index (Kenward & Hoddar, 1996). Here indices were calculatedusing median, and
geometric mean distances.

Matrix correlation permutationtests (see Chapter 4) were used to examine the
relationshipof dyadic associationstrengths(Chapter5) with core areaoverlaps,both
static (percentage of core area overlap) and dynamic (dynamic interaction index) overlap.

Habitat data

For eachsampledpoint, during scan,and vegetationpoint, sampling,the five recorded
speciesof tree were allocatedto a single forest type. To identify forest types with
possiblerelevancdo chimpanzeesscansamplerecordswereanalysedo establishwhich
specief treecontributedmostto the chimpanzealiet, asmeasuredy feedingtime. In
addition,therelativecontributionsof fruit andleavesto thediet,and‘major’ and‘minor’
fruit specieqsensuWranghametal., 1996)wereestablishedFooditemsconsumedand
percentages of time spent feeding on each species are given in Appendix 4.

The foresttypespresentedy Eggeling(1947; seeChapter2) andthoseusedby the
Ugandanforest department(A. J. Plumptre,personalcommunication)were elaborated
upon to distinguisha ‘chimp-orientated’forest type classification.Mixed forest was
subdividednto mixedforesttypesdominatedby thetop five food plantgeneraandother
foresttypesnotrecognisedy Eggeling(1947)weredistinguishedEstimatesof available
habitatproducedoy randompoint samplingandsystematidine samplingwerecompared
usinga chi-squaredest. Visibility estimatesvere groupedinto four categoriesiow (0-
5m), medium-low(6-10m),medium-high(11-15m), andhigh (16m +).

To investigatenabitatselectiona onesamplechi-squaredestwasusedto comparethe
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observediseof habitatwith thatpredictedby line transecsampling for bothforesttypes
and level of visibility. For eachforesttype, Ivlev’s electivity index (Krebs, 1989) was
calculated to indicate degree of preference:

Ivlev’'s index = %used - % available / % used + % available

This index rangesfrom -1 to +1, with zero indicating no preference-1 complete
avoidance, and +1 complete preference.

A habitatmapwas constructedising both randomlysampledand scansampledpoint
data,and usedto determinethe habitat compositionof eachmale’s homerange.The
numberof habitatpoints for eachforest type within homerangeand core boundaries
were countedfor eachmale.andtransformednto percentagesf habitatsampleswithin
therange. Differencesin habitatproportionsfor malecoreareasvereinvestigatedising
the non-parametri¢-riedman’stwo-way analysisof varianceby ranks,with Dunn’s post
hoc multiple comparisons.

The relationshipbetweenvisibility limits and party size and dispersionwas assessed
usingthe party size dataset (Chapter5), selectingpartieswhich were terrestrial,or no
more than two metresabove the ground. Kruskal-Wallis analysis of variance, with
Dunn’s posthoc multiple comparisonswasusedto determinethe influenceof visibility
on party size and group dispersion Differencesin the relative frequenciesf behaviour
betweenvisibility categoriesvereinvestigatedusingchi-squaredests,for chimpanzees
on the groundonly, and for thoseon, and within two metresof, the ground. For this
analysisvisibility categoriesvere redefinedto avoid expectedfrequenciesof lessthan
one,andto reducethe numberof expectedrequenciesinderfive to fewerthan20%. The
categories used werew (0-5m),medium(6-10m), anchigh (11m+).

RESULTS
Habitat

Diet

Sonsochimpanzeesvere observedeedingon morethan55 speciesf plant, five animal
(four vertebrateand oneinvertebrate)speciesconsumingat least114 plant food items
(seeAppendix4). Fruit accountedor 64.5%o0f feedingtime, andleavesl9.7%.3.2% of
feedingtime was spenteatingterrestrialherbaceousegetation(THV) pith. Eight tree
species(from 6 genera)accountedfor 81.2% of feeding time. Four specieswere
distinguishedas major fruit species:Ficus sur, Ficus mucus¢ Maesopsiseminii and
Celtis durandii. While thesefour speciesaccountedor more than 75% of time eating
fruit, they only accounted for 49.2% of feeding time.
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A total of 13 foresttypes,arrangedn five groups,were distinguishedseeAppendix 2

for species codes):

Ironwood forest

Cynometra mixed:

Mixed forest

Khaya mixed:

Celtis mixed:

Ficus mixed:

Mixed forest:

Swamp

Swamp forest:

Cynometra(ironwood) dominatedmixed forest. Two or more
of thefollowing species preseim thesample Cya Lm, Ri. No
other species more highly represented Bygor Me.

Khaya (mahogany)dominatedforest. At leastone Ka present
in the sample.No more thantwo other type defining species
present. NdBpyor Me.

Celtis dominated mixed forest. Two or more Celtis trees
presenin sample No otherspeciesnorestronglyrepresented.
No Bpyor Me.

Ficus dominated mixed forest. Two or more Ficus trees
presentin sample No otherspeciesnmorestronglyrepresented.
No Bpyor Me.

No type-defining species,or no single species,dominating
sample.

At leastone Rf or Mst presentin the sample.Permanentlyor
seasonally inundated. ‘Open’ swamp forest is also
characterised by spiked non-woody vegetation, with
waterlogged soil throughout most or all of the year.

Colonising forest (woodland)

Maesopsis:

Maesopsis-celtis:

Maesopsis-ficus:

Me dominatedwoodland. At least one Me presentin the
sample.No morethantwo of any othertype defining species
present.

Me woodland with two or mor€eltistrees present in sample.

Me woodland with two or mor€icustrees present in sample.
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Broussonetia: Broussonetia dominated woodland. All trees in sarBplg

Broussonetia-mixed: At leastoneBpy, and oneotherspeciespresenin the sample.
No Me present.

Open areas:
Climber thicket: Openareadominatedby woody climbers. Sampleconsistsof
unspecified climber species.
Other: Open area coveredby grassor other low level vegetation,

village gardensyillage and sawmill buildings. Heterogeneous
habitat type.

Certainforesttypeswereabundanin the Sonsoregion,whilst otherswererare(Table
6.2). Point, andline transectsamplingproducedsignificantly different estimatesof the
‘availability’ of differentforesttypes(x2 = 67.06,df = 12,p < 0.001;Table6.2),andalso
areasof different visibility (x2 = 42.65,df = 3, p < 0.001).Partitioningthe degreesof
freedomwithin the contingencytable showedsignificant differenceswere due only to
rare, and presumablylocalised, forest types. Point sampling produced significantly
greaterestimatef the abundancef Maesopsisvoodland(y? = 7.81,df = 1, p < 0.01)
and Broussonetiawoodland (x2 = 3.89, df = 1, p < 0.05). Line transectsampling
producedsignificantly greaterestimatesf the abundancef Maesopsis-celtisvoodland
(x2 = 7.30,df = 1, p < 0.01), climber thickets(x2 = 21.76,df = 1, p < 0.001)and open
areasy? =23.47df=1,p<0.001).

Point samplingwas carriedout intensivelywithin a restrictedarea,in and aroundthe
trail systemLine transectpassedhroughthis region,but extendedar beyondthe limits
of the trail system.Point samplingwas thus more appropriatefor habitat analysisof
individual rangesand core areas,whilst line transectsampling of habitat was more
appropriatefor community range-wide analysis, specifically the questionof habitat
selection by chimpanzees.

Habitat Selection

Chimpanzeeshowedclear evidenceof selectingparticular habitattypes, being found

significantly more or lessoften in certain habitattypesthan predictedon the basisof

habitat availability (x2 = 23112.76,df = 12, p < 0.0001; Table 6.3). This effect was
primarily dueto strongpreferencdor Broussonetiaand Broussonetia-mixedyoodland,
a strong preferencefor Ficus-mixedforest, and avoidanceof Cynometra-mixedorest.
Broussonetigpapyriferg andFicus spp.weremajor chimpanzedood items.Cynometra-
mixed forest is thought to be low in food abundance(A. J. Plumptre, personal
communication), except for a short period during wiigihnometraalexandriifruits.
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Table 6.2. Habitatcompositionof the Sonsoregion, assessetly both randompoint sampling,and
systematic line transect sampling.

Point sampling Line transect sampling
Forest Type n (=995) % habitat n (=856) % habitat
Cynometra-mixed 177 17.8 147 17.2
Khaya-mixed 127 12.8 93 10.9
Celtis-mixed 236 23.8 192 22.4
Ficus-mixed 97 9.8 84 9.8
Mixed forest 242 24.3 215 25.1
Swamp 40 4.0 30 3.5
Maesopsis woodland 38 3.8 13 15
Maesopsis-celtis 5 0.5 15 1.8
Maesopsis-ficus 2 0.2 4 0.5
Broussonetia woodland 10 1.0 2 0.2
Broussonetia-mixed 16 1.6 12 14
Climber thicket 0 0.0 18 2.1
Other 5 0.5 31 3.6

Table 6.3. Habitatselection,comparinghabitatusedfrom all rangeanalysislocationswith habitat
availabledeterminedy line transectsampling.Habitatpreferencdas measuredy Ivlev’s electivity
index =(%used - %available)/(%used + %available), from Krebs (1989).

Available Used Electivity

Forest Type n (=856) % habitat || n (=2226) % habitat index
Cynometra-mixed 147 17.2 110 4.9 -0.56
Khaya-mixed 93 10.9 82 3.7 -0.49
Celtis-mixed 192 22.4 465 20.9 -0.03
Ficus-mixed 84 9.8 492 22.1 +0.39
Mixed forest 215 25.1 420 18.9 -0.14
Swamp 30 35 21 0.9 -0.59
Maesopsis woodland 13 15 65 2.9 +0.48
Maesopsis-celtis 15 1.8 69 3.1 +0.27
Maesopsis-ficus 4 0.5 8 0.4 -0.11
Broussonetia woodland 2 0.2 315 14.1 +0.97
Broussonetia-mixed 12 1.4 164 7.4 +0.68
Climber thicket 18 21 11 0.5 -0.62
Other 31 3.6 4 0.2 -0.90
Visibility Category  n (=856) % n (=1836) % E.l

Low (0-5m) 219 25.6 438 23.9 -0.03
Med.-low (6-10m) 399 46.6 992 54.0 +0.07
Med.-high (11-15m) 192 22.4 341 18.6 -0.09
High (16m+) 46 2.6 65 3.5 +0.15

Chimpanzeesglsoshowedsignificancepreferencewith regardto visibility constraints
(x2 = 16.08,df = 3, p < 0.01; Table 6.3). The low valuesfor the preferenceindices
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suggesthatthe degreeof preferences not strong,howeverwith only theindexfor areas
of high visibility exceeding).10.No clear patternwas presentin visibility preferences.
Slight preference$or medium-low(6-10m)andhigh (16m+)visibility areasanda slight

avoidanceof areasof medium-high(11-15m)visibility, suggesthatwithin the majority

of foresttypes,chimpanzeesnay preferan intermediateevel of visibility, whilst other

factorsinfluencethe preferencdor high visibility areasBpywoodland,for example,is

often more open than other forest types.

Ranging

The four analysistechniquesproduceddiffering resultsfor home range area, as was
expected.With no method availableto determinewhich was the ‘best’ estimate,all
figures are presented in Table 6.4.

Home Range

Estimatesof homerangeareasproducedby both kernelmethodswere highly correlated
(r¢=0.88,n=12,p < 0.001).MCP andclusterroutinesusethe samealgorithmfor 100%
rangeareas,and so produceidenticaltotal homerangeareaestimatesKernel estimates
were not significantly correlatedwith clusteror MCP estimateqadaptiveirg = 0.29,ns;
fixedrg=0.31, ns).

Communityrangeareaapproachedn asymptote(Fig. 6.1) after around350 fixes. The
differencesbetweensequentiallyand randomly plotted fixes may be the result of a
seasonakxpansionof the range.Individual rangeslikewise reachasymptotesetween
110and160fixes (Fig. 6.2). Rangeestimatedor two males,NJ andJM, failed to show
evidenceof anasymptoteandthe existenceof anasymptotds questionabldor the male
CH. The communityrangearea(Fig. 6.3), and the areasfor nine or ten of the twelve
malescan thereforebe regardedas good estimatesof the habitually usedareasfor the
time period October1994 and Decemberl995. Rangeareaswere not correlatedwith

samplesize(MCP/clusterrg=0.21,n =12, p > 0.20;fixed kernel:ir=0.29,n=12,p >

0.50; adaptive kernety;= 0.24, n = 12p > 0.50).

Therangesof individual malesvariedin size.Kernel estimateof rangesizewerenot
correlatedwith status(adaptiver = 0.61,p > 0.50;fixed: rg = 0.38,p > 0.50),while size
estimatedy eitherMCP or clusteranalysiswascorrelatedwith status(rg = 0.74,n = 12,
p = 0.006).Minimum areapolygon estimatesare heavily influencedby outlying points,
and the significant correlation may indicate that high status males ranged, albeit
infrequently, more widely than those of lower status.
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Table 6.4. Estimatesof community (all males consideredtogether)and individual male home
rangesusingfour analysistechniquesMinimum convexpolygons(MCP); Fixed kernelswith least
squaregrossvalidation(KNF); Adaptivekernelswith leastsquaresrossvalidation(KNA); Cluster
analysis (CST). Range estimates based on 100% fix inclusion.

Home Range Areas: Size (km?) & Percentage of total (%)

MCP KNF KNA CST

Individual n km2 % km2 % km2 % km2z %

All Males 836 6.78 100.0 6.89 100.0 14.51 100.0 6.78 100.0

MG 204 457 67.4 429 62.2 10.87 74.9 457 67.4
KK 198 423 624 3.04 441 8.76 60.4 423 624
MA 238 487 71.8 4.36 63.3 8.54 58.9 487 718
BY 182 490 72.3 489 71.1 13.16 90.7 490 72.3
MU 211 3.83 56.5 351 51.0 8.27 57.0 3.83 56.5
NJ 173 541 79.8 3.45 50.1 7.29 50.2 541 79.8
TK 160 3.17 46.8 1.07 155 5.02 34.6 3.17 46.8
DN 250 5.89 86.9 4.27 62.0 9.17 63.2 5.89 86.9
VN 242 5.63 83.0 4.52 65.6 12.85 88.6 5.63 83.0
M 111 516 76.1 4,70 68.2 10.95 75.5 516 76.1
BK 161 540 79.6 1.84 26.7 5.69 39.2 540 79.6
CH 171 5.03 74.2 3.92 56.9 10.69 73.7 5.03 74.2
1004 —
§ - Figure 6.1. Incremental
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Figure 6.2. Incrementalareaplots for the homerangeof eachadult male. Malesare arrangedoy
rows in order of decreasing social status; consecutive pairs are plotted on the same axes.

Core Areas

Little evidence was found for distinct core areas, indicated by discontinuities in
utilisation plots. Slight discontinuitieswere apparentbetween70% and 95% of fixes
included; the precise value varied with individual and analysis method. These
discontinuitieswere not distinct enoughto confidently distinguishcore areas What was
clear, however,was that chimpanzeemalesdid not rangeevenly over the community
range,but spentthe majority of their time within a relatively small area(Table 6.4; Fig
6.4). Coreareas,n the senseof subregionf the homerangeuseddisproportionately,
did clearly exist, as was found by Wranghamand Smuts (1980) for the Gombe
chimpanzees.

Estimatesf coreareasizeproducedoy bothkernelmethodswverehighly correlatedr
=0.80, n=12,p = 0.002),althoughneitheradaptive(rs = 0.23,ns) nor fixed (r; = 0.33,
ns) kernel estimatesvere correlatedwith the clusterestimatesof the size of core area.
Clusteranalysisemphasefine grainmulti-nuclearcores whereakernelmethodsendto
produce more unified, mono-nuclear core areas. These correlations were thus
expected—thenethodsweredeliberatelychosento revealdifferent aspectf the range
structure.MCP estimateswere not correlatedwith estimatesproducedby any other
method, and were not analysed further.
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Figure 6.3. Communityrangeoutlines,as determinedoy the minimum convexpolygon, adaptive

kernel,andfixed kernelanalysismethodsThe locationof the BudongoForestProjectfield station
and an outline of the trail system are shown for reference.
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Table 6.5. Estimatesof 80% core areas;community (all males)and individual males,using four
analysistechniquesMinimum convexpolygons(MCP); Fixed kernels(KNF) andadaptivekernels
(KNA), bothwith leastsquaresrossvalidation; Clusteranalysis(CST). Sizein km2, andcoreasa
percentage of both the respective home rangg)%nd of the total (community) range £&.

Core Areas: size, % of individual’s home rangg,g) & of community range%crg)

MCP KNF KNA CST

km? %pr %cr kM2 Y%pyr %cr  km? Y%y Y%cr  km? %ur  %cr
All 1.23 18.1 18.1 148 215 215 139 96 9.6 1.36 20.1 20.1
MG 1.01 221 149 1.18 275 171 1.13 104 7.8 033 7.2 49
KK 0.96 22.7 14.2 0.99 326 144 102 116 7.0 0.24 57 35
MA 1.15 23.6 17.0 1.19 27.3 17.3 1.12 131 7.7 031 64 46
BY 1.02 20.8 15.0 1.18 241 171 123 93 85 034 6.9 5.0
MU 1.12 29.2 16.5 1.06 30.2 154 1.05 12.7 7.2 034 88 5.0
NJ 1.00 18,5 14.7 1.25 36.2 181 1.20 16.5 8.3 031 57 46
TK 0.82 259 12.1 0.48 449 7.0 096 19.1 6.6 0.26 82 38
DN 1.27 21.6 18.7 1.19 279 173 122 133 84 044 75 65
VN 141 25.0 21.0 1.07 23.7 155 112 87 7.7 031 55 46
M 1.06 20.5 15.6 141 30.0 205 159 145 110 023 46 34
BK 1.02 189 15.0 0.85 46.2 123 1.02 179 7.0 0.27 50 4.0
CH 0.98 195 145 1.12 28.6 16.3 1.23 1185 0.29 58 43

The size of malecoresareaswverenot significantly correlatedwith status(fixed kernel
cores:rg = 0.22,n = 12, p = 0.50; adaptivekernel cores:rg = 0.24,n = 12, p = 0.45;
clustercoresirg= 0.26,n = 12, p = 0.41). Malespursuingeither‘intense’ or ‘gregarious’
associationstrategiegsee Chapter4) did not differ significantly in the sizesof home
range and core areas (Table 6.6).

Table 6.6. Resultsof Mann-WhitneyU tests,comparinghomerangeand core areasizesfor males
pursuingdifferent associatiorstrategiesRangesizesdeterminedby three methods:Fixed kernels
(KFL), adaptive kernels (KAL), cluster analysis (CST). No comparisons are significant.

Mann-Whitney U tests (fense= 6, Nyregarious= )
KFL KAL CST

Home range size U = 8,p=0.20 u=7,p=0.14 U=14,p=0.86
Core areasize U=15p=100 U=13,p=0.71 U=85,p=0.23

The asocialmale TK did havea significantly smallerhomerangethanothermalesas
determinedoy MCP or clusteranalysis(MCP: t; = 2.86,df = 10, p = 0.017;cluster:tg =
1.94,df = 10, p = 0.038),althoughnot by kernelanalysis(adaptivet, = 1.94,df = 10,p =
0.085;fixed: skeweddata).TK’s coreareadid notdiffer significantly from othermales’
coreareadn size(MCP: t; = 1.86,df = 10, p = 0.092;cluster:t, = 0.84,df = 10,p = 0.42;
kernel analysis: skewed data). These results suggest that TK ranged less widely.
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Figure 6.4a. Coreareasasdeterminedy clusteranalysisfor the six higheststatusadult malesof
the Sonsocommunity.An outline of the trail systemis providedto permit comparisonMalesare
ordered in rows by decreasing social status.
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Figure 6.4b. Coreareasasdeterminedby clusteranalysisfor the six loweststatusadult malesof
the Sonsocommunity.An outline of the trail systemis providedto permit comparisonMalesare

ordered in rows by decreasing social status.
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Core Area Overlaps

Maleshadgeographicallydistinctcoreareasasdemonstratetdy the degreeof overlap
of eachpair of coreareasPercentageverlapsbetweercoreareasvariedwidely between
dyads(kernelanalysis:range= 32% to 100%, median= 87.5; clusteranalysis:range=
31%to 72%, median= 49.8; Fig. 6.5). This suggestshat the rangingbehaviourof these
malesdid not appearto fit the assumptionof Wrangham’s(1975, 1979) model. The
mediandegreeof overlap betweenmale core areaswas significantly lower than 95-
100%,whethercoresweredeterminedy kernelanalysis(Mann-WhitneyU = 1584.5,n;
=132,n, =132,p <0.0001)or clusteranalysiSU = 0.0,n; = 132,n, = 132,p < 0.0001).
Cluster analysis produces core areas which overlap significantly less than those
determined by kernel analysid € 1298.5, n = 132, B = 132,p < 0.0001).

There were significant differencesbetweendyadsin the proportion of sharedcore
areag(Kruskal-Wallisanova: cluster:H = 73.19,df = 11, p < 0.0001;fixed kernel:H =
42.68,df = 11, p < 0.0001). Associationstrategyhad no influence on the extent of
overlapbetweencore areasdeterminedby kernelanalysis(Mann-WhitneyU test:U =
1686.0,ns). Associationstrategydid, however,influencethe extentof overlapof core
areagleterminedy clusteranalysis Malespursuingan‘intense’ associatiorstrategyhad
coreareaswhich overlappeda largerpercentag®f othermales’coreareasthandid the
coreareasof malespursuinga ‘gregarious’strategy(U = 853.0,Njyense= 66, Nyregarious™
55,p < 0.0001; 11 core area overlaps per male).

Cluster analysisemphasiseshe internal structureof rangesmore than doeskernel
analysis,and thus theseresultssuggesthat associatiorstrategydoeshavean influence
on the structureof core areas.One possibleexplanationis that the core areasof males
pursuingintensestrategiesare more localisedthanthosepursuinggregariousstrategies.
Thesecoresare multi-nuclear,and so gregariousnalesmay spendthe majority of their
time in a numberof dispersedareas.This may be demonstratedn the extremeby the
asocialmale, TK. The percentagef this male’s core areawhich overlappedthe core
areasof other maleswas significantly less than the averagepercentaggcluster:U =
338.5,ntk = 11, Nothermales = 121,p = 0.0071;kernel:U = 0.0, Ny = 11, Nothermales =
121,p< 0.0001).

Overlaps betweencore areasdeterminedby cluster analysis were significantly and
positively correlatedwith dyadicassociatiorstrength(K, = 315,t = 0.49,n = 12,p, =

0.001),aspredictedby the ‘social core’ hypothesisThis wasnot the casefor coreareas
determined by kernel analysis, = 101,7 = 0.16, n = 12p, = 0.18).

Thedegreeo which eachdyadsharesa coreareaseemdo berelatedto the strengthof
the associatiorbetweenthem, althoughthis relationshipwas maskedby the smoothing
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usedin kernel analysis. Alliance partnersare likely, therefore,to be nearby when
required,and within rangeof pant-hootvocalisations.Social status,however,did not
appearto significantly influencethe overlapof core areas(clustercores:K, = 165,1 =
0.25,n=12p, = 0.11;K, = 53,7 = 0.08, n = 12p, = 0.35).

MG KK MA BY MU NJ TK DN VN JM BK CH

MG | 100.00 82.19 88,56 90.82 8534 93.21 37.78 8488 81.69 9887 7169 &
KK 97.69 100.00 98.97 99.77 91.65 98.78 43.03 96.89 9548 9969 79.56 91
MA 87.41 8221 100.00 94.27 8299 96.47 37.00 9094 8562 93.28 68.66 82
BY 91.14 84.12 95.48 100.00 85.13 97.84 37.13 90.41 86.09 96.47 70.72 84.
MU 9528 85.80 93.73 94.64100.00 97.13 41.24 9213 9228 9542 78.09 96.€
NJ 8752 7790 91.68 9169 81.69100.00 36.25 89.54 8356 92.25 67.56 83.3
TK 86.32 82.03 86.07 8481 8456 87.67100.00 87.50 86.58 86.66 81.85 84.7-
DN 83.91 80.12 90.61 8897 81.66 94.03 38.5300.00 87.63 86.44 66.84 87.09
VN 89.79 88.17 95.09 9447 90.75 97.44 4230 97.400.00 91.72 75.84 93.88
M 8259 70.00 79.06 80.44 7129 8215 31.79 73.44 69.200.00 60.17 70.66

BK 98.19 9197 9531 96.78 9556 98.47 49.12 92.72 94.84 98B¥.00 96.03

CH 87.70 80.16 87.43 8798 90.96 9293 39.16 9243 89.59 88.38 73140.00

Figure 6.5a

MG KK MA BY MU NJ TK DN VN M BK CH

MG | 100.00 44.26 50.83 5549 4952 4861 4750 66.06 50.23 34.65 4562 4
KK 62.41 100.00 68.64 59.88 56.39 6581 47.62 7154 6144 50.73 61.89 50
MA 53.01 51.17 100.00 55.40 50.67 53.62 4248 65.09 5557 41.09 4520 39.
BY 53.40 4229 52.81 100.00 51.07 49.64 3564 65.69 50.79 41.84 4442 38.
MU 46.97 39.61 47.63 49.86100.00 47.95 43.15 54.17 46.75 33.01 41.08 39.
NJ 5250 50.69 5459 5420 55.02100.00 50.95 59.58 4942 3575 47.83 43.9
TK 50.88 43.15 5296 4476 57.12 59.4100.00 64.44 50.20 36.63 52.28 44.2%
DN 50.87 40.89 49.13 51.51 43.04 44.55 39.6%00.00 50.78 36.58 40.57 39.38
VN 53.26 48.27 57.90 54.28 51.39 4878 42.48 69.000.00 45.27 46.56 41.25
M 49.44 5152 57.62 59.95 49.12 4952 40.21 66.77 59.190.00 52.25 38.28

BK 5040 56.70 55.75 57.24 5413 57.58 52.84 6792 5459 47H0.00 45.13

CH 46.03 40.98 43.68 44.89 47.18 46.84 40.39 56.99 43.15 30.85 40.0©0.00

Figure 6.5b

Figure 6.5. Percentagesf core areaoverlaps,determinedby fixed kernel analysis(Fig. 6.5a) and

clusteranalysis(Fig. 6.5b). Figuresarethe percentagef row coreareaoverlappeddy columncore
area.
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Male chimpanzeesf the Sonsocommunitywere usuallyfoundin the samepartsof the
community range on the sameday, althoughthe degreeto which this was so varied
between dyads. Figure 6.6 shows the results of dynamic interaction analysis.

MG KK MA BY MU NJ TK DN VN M BK CH
MG X 0.88 0.96 0.87 0.89 1.00 0.34 0.00 0.00
KK X 0.95 0.98 0.68 0.79 0.61 0.11 0.00
MA X 0.97 0.90 0.96 0.96 0.76 0.99 0.90 0.00
BY X 0.89 0.98 0.93 0.82 -0.13
MU X 0.81 0.88 0.89 0.91 0.00
NJ X 0.89 0.89 0.96 0.81 1.00
TK X 0.88 0.92 0.96 0.71 0.00
DN X 0.97 0.91 0.95 0.84
VN X 0.97 0.87 0.98
JM X 0.88 0.98
BK Figure 6.6a X 0.97
CH X
MG KK MA BY MU NJ TK DN VN IM BK CH
MG X 0.64 0.99 0.97 0.99 1.00 0.05 0.00 0.00
KK X 0.67 0.68 0.88 0.91 0.40 0.73 0.00
MA X 0.53 0.95 0.98 0.91 0.96 0.98 0.00
BY X 0.66 0.99 0.98 0.88 -0.99
MU X 0.74 0.93 0.95 0.88 0.00
NJ X 0.91 0.96 0.98 0.97 1.00
TK X 0.62 0.96 0.96 0.93 0.00
DN X 0.47 0.98 0.96 0.87
VN X 0.93 0.88 0.98
IM X 0.91 0.99
BK Figure 6.6b X 0.89
CH X

Figure 6.6. Dynamicinteractionindices,assessely median(Fig. 6.6a)and geometricmean(Fig
6.6b) distancesHigh positive valuesindicatethat individuals tend to be in the sameareason the

same days.

For fourteenof the sixty-six dyads,no observation®f both membersof the dyadon
the sameday were presentin the rangingdataset,andso it wasimpossibleto makea
comparisonof observedand possible positions. For a further six dyads (those with
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indicesequallingzero)only a single‘sameday’ observatiormremainedn the dataset.As
a result, this analysis must be regarded as preliminary.

Neverthelesdor the remainingdyadstheindicescanbe interpretedasthe tendencyof
the membersof the dyadto be in the samepart of the foreston the sameday, regardless
of whetherthey were in association(in the sameparty). With all but one of the values
positive,therewasa strongpositivetendencyfor malesto rangein the sameareasat the
sametime. My subjectiveimpressionwas that at different times, different partsof the
rangewould be usedmore heavily, with travelling partiesconsistentlyheadingfor the
sameareasover a period of daysor weeks. Twoor three partieswithin a few hundred
metres of one another would remain in contact through pant-hoot choruses.

Indices of dynamic interaction are not correlatedwith dyadic associationstrength
(indicesbasedon mediandistancesK, = 37,7 = 0.06,n = 12, p, = 0.24;indicesbasedn
geometricmeandistancesK, = -8, 1 = -0.01,n = 12, p, = 0.44).If other parties,and
possiblysolitaryindividualsarenearby moreinformationis availablefor chimpanzeeto
makestrategicdecisionsconcerningheir associatiorpatterns A lack of correlationwith
dyadic associationstrength,the tendencyfor eachpair of malesto associatesuggests
that partnerselectionis occurring; male chimpanzeesre not simply associatingwith
those whose ranging behaviour makesthem available as potential partners,but are
seeking out association partners.

Habitat Within Ranges

Significant differenceswere found betweenmale rangesin their habitat composition
(100%kernel rangeF, = 20.71,df = 11, p < 0.05; 100%clusterrange:F, = 22.72,df =
11, p < 0.02). Post hoc tests,with o = 0.05 overall, revealedsignificant differences
betweenDN and JM’s ranges(cluster analysis),and betweenBK and JM’s ranges
(kernelanalysis).The estimatesof JM’s rangeare basedon an insufficient samplesize
and are thus unlikely to be accurate.The biological significanceof these statistical
differences should therefore be questioned.

Male core areas,however, did not differ significantly in habitat composition;no
differencesexistedbetweenmalesin the proportionof eachhabitattype (80% kernel
cores:F, = 5.86,ns.;80% clustercores:F, = 5.65,ns.). The habitatcompositionof core
areas does not therefore vary with either status or association strategy.

Visibility
The dispersalof party memberswas significantly affectedby visibility (Kruskal-Wallis

H = 14.54,df = 3, p = 0.002). Thereappearedo be a trend towardsgreatercohesion
under conditionsof higher visibility (Dunn’s post hoc comparisons)Partiesfound in
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conditionsof low visibility weresignificantly moredispersedhanthoseundermedium-
low visibility conditionswith o = 0.05.However,Dunn’s procedurds conservativeand
a highersignificancelevel may bejustified here(seeNeave& Worthington,1988).With
o setto 0.15, partiesunderhigh visibility conditionswere significantly more clumped
than those in low visibility areasof forest. No other pairwise comparisonswere
significantat o = 0.15. Partysizewasalsoaffectedby visibility (H = 13.17,df=3,p =
0.0043),with significantly larger parties partieassociatedvith medium-highvisibility
than with medium-low conditions of visibility. Other pairwise comparisonswere not
significant.

Visibility constraintsdid notappearto affect the relative frequenciesof chimpanzee
behaviour,usingthe relatively coarsemeasureof group activity (partiesterrestrialor no
morethan2 metresfrom the ground:y2 = 10.75,df = 8, ns; partiesterrestrialonly: x2=
6.95,df = 8, ns; Table 6.7).

Table 6.7. Frequenciesf differentgroupactivitiesby visibility, for terrestrialparties,andthoseno
more than 2 metresfrom the ground. Visibility categoriesvere low (0-5m), medium(6-10m)and

high (11m+).

Visibility

Terrestrial parties <2m from the ground
Activity Low Med High Low Med High
Forage 26 34 18 35 52 25
Rest 56 127 63 62 135 67
Groom 16 32 18 16 32 20
Travel/move 14 43 22 15 46 22
Other 3 5 5 3 8 10

DISCUSSION

The Sonsocommunitylives in anareaof secondaryorestwhich is a mosaicof different
foresttypes.As a community,andasindividuals,malechimpanzeeshowclearevidence
of preferringparticularforesttypes. Theseforesttypesare distributedacrossthe Sonso
region,andthe chimpanzeesangewidely from dayto day. Despiterangingwidely, male
Sonsochimpanzeespendthe majority of their time within a relatively restrictedarea,
eachmale hasa ‘core area’which, while not exclusive,only partially overlapswith the
coreareasnf eachotherindividual. The sizeof coresareais notrelatedto eitherstatusor
associatiorstrategy althoughit doesseemthatthe asocialmale TK is lesswide ranging.
Thesecore areasdo not differ betweenmalesin their habitat composition,and this,
togetherwith thelack of any statusinfluence,indicatesthatcoreareasdo not functionto
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allow priority of accesgo food resourcessseemso bethe casefor femalechimpanzees
(Wrangham& Smuts,1980).Overlapsbhetweercoreareasaresignificantlyinfluencedby
associationstrategy.although not apparentlyby status.Thereis strong evidencethat
malesaremorelikely to bein the sameareaon the sameday thanwould be expectecn
the basis of their ranging behaviour alone.

That malesspendthe majority of their time in small partially overlappingcore areas,
which do not appeatrto differ in their habitatcomposition,lendsweight to the ideathat
male coreareashavea socialfunction. Thesecoreareasare probabilisticand,given that
chimpanzeesappearto be able to predict the behaviourof othersand future events
(Menzel,1974; Goodall, 1986; Savage-Rumbaug& Lewin, 1994; Koyama& Dunbar,
1996),it is at leastconceivablethat they are able to use this information. Thesecore
areasshouldnot, however,be regardedas‘purely’ social.No evidenceexiststo support
the ideathat chimpanzeego to ‘waiting areas’simply to ensureotherscanfind them.
Instead coreareasarelocationswhereparticularindividualstendto be asthey pursuethe
mundanebusinessof eating and sleeping,and participatingin the social life of the
community.

Ranging analysis

Home range estimatesfor the Sonsocommunity fall at the low end of estimatesfor
chimpanzeehome ranges(see Table 6.1), with all but the adaptive kernel method
estimatinga communityhomerangeof around7 kmz2, This s lessthanhalf thatestimated
for the Kanyawaracommunityin Kibale using the minimum convexpolygon method,
although close to the 8.5 km?2 calculatedby summing grid squares(Chapmané&
Wrangham,1993). Different methodsof data collection meanthat only the minimum
convexpolygonis strictly comparableébetweenstudies(Harris et al., 1990),andthusit
would appearthe Sonsocommunityhomerangeis no more thanhalf that estimatedor
the Kanyawaraparticularlyin light of recentindicationsthat the Kanyawaracommunity
range may in fact be much larger (A. J. Plumptre, personal communication).

The range area of the Kasakela(Gombe) chimpanzeesvas estimatedat 13 km?
(Wrangham& Smuts,1980),basedon 500 x 500 metregrid squares.Kanyawararange
estimates basedon sightingsin a 200 x 200 metre grid, are between8 and 9 kmz2.
Clutton-Brock(1975)foundthata reductionin grid sizeled to a reductionin rangearea
estimateswhich implies rangeareasfor the Kasakelaand Kanyawaracommunitiesare
actually fairly similar, and that habitatquality as perceivedby the chimpanzeess also
similar. In Kibale, anappearancef goodhealthandmaintenancef bodyweightsuggest
that the severeseasonastressexperiencedy the Gombechimpanzeesnay be lacking
(Wranghamet al., 1996), althoughthe long inter-birth interval may be indicative of a
poor quality habitat(Wranghamet al., ibid), or possibly someform of ‘social stress’.
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Communityrangeareaestimatedor the Sonsocommunity,basedon far more accurate
locationsare smaller,andimply a richer habitat.As yet, no dataon inter-birth intervals
are available for Budongo.

These differenceshave implications for comparisonsof chimpanzeeecology and
behaviourbetweenthe study sites, and demonstrateghat chimpanzeesespondto the
detailedstructureof their environmentforestliving communitiesareno more similar to
eachotherthan are savannaHtiving groups.The different rangeareassuggestthat the
resourcebasein the Sonsoregionis different from that in Kanyawara,with resources
more abundantand more evenly distributed in the former, and highly spatially and
temporarilydispersedpccasionallysuperabundanin the later (Chapman& Wrangham,
1996).

Home range size estimatesare only as good as the methods used in their
determination.Observationsof patrolling behaviourgives confidenceto the positions
determined for the northeast and southwest boundaries,as do observations of
unhabituatedchimpanzeego the northeast.Focal subjectswere lost when travelling
throughforestbeyondthe trail systemandthusthe resultsof ranginganalysisarelikely
to underestimate the ‘true’ home range.

This was particularly true for movementsto the south-eastwhich occurredmore
frequentlythan was recordedduring systematicsampling. The south-easbf the Sonso
regionis separatedrom the restby thick swampforestandthe Sonsoriver. No trails ran
into this area,which madeit difficult to search,or to follow fast moving chimpanzees.
On occasionsvhen chimpanzeesvere followed throughthis regionit provedpossible
only to follow their calls; visual contactwas impossible.My impressionwas that the
chimpanzeeseemedmnore nervousin this area,possiblybecausehey were unawareof
who wastrailing them;they remainedwary of strangerghroughoutthe study. Without
visualcontact,anda meansof obtaininglocationdata(therebeingno referencepoints),it
was not possibleto recordrangingin this area.Forestcover provedtoo thick to permit
the use of global positioning systems (GPS).

The estimatesclearly do not reflect the full rangeof the Sonsochimpanzeesver the
studyperiod,but the asymptotedound for the majority of malessuggesthe estimateof
homerangesizearefairly accurateWith estimate®f individual rangeareasuncorrelated
with samplesize, it seemsreasonabldo assumedifferencesbetweenmalesare not an
artifact of sampling.

Simulation studies (Seaman& Powell, 1996) have shown range area estimates
calculatedusing the fixed kernel methodto be the most accurate althoughsomewhat
sensitiveto datastructure.The agreemenfound here betweenestimatesproducedby
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fixed kernel, minimum convexpolygon, and clusteranalyseswhich are very different
methodsof estimatingrange area, increaseconfidencethat the figures reflect good
estimates of home range area.

The methodusedto collect data (samplingstartedwith the first male contactedon
eachday) may haveled to biasin the dataset, suchthat more pointslay closeto the
researchstation than far away, despiteefforts being madeto minimise this effect by
searchingwidely throughthe forest(seeChapter3). The adaptivekernelmethod,which
givesmoreweightto areasof low fix density,may counteracsomeof this bias,andthe
higher estimatessuggesthat perhapsheseare closerto the total range thanthe home
range.

Core Areas

Malesof the Sonsocommunityspendthe majority of their time in only a fractionof the
total community range,but defining thesecore areasis subjective.Any figure greater
than 50% of fixes could be usedto define an areawherethe majority of time is spent.
This is a problemof quantitativeranginganalysisgenerally,asno precisetechniquefor

defining core areashas been developed(Kenward & Hodder, 1996). Inspection of

utilisation plots for discontinuitiesin slope is a widely used method, and here
discontinuitieswere found at a proportion of fixes which varied from individual to

individual. These discontinuities were not, however, particularly strong.

It may be inappropriateto usethis methodof determiningdistinct core areaswhen
investigatingchimpanzediomerangesasthe conceptuaimodelof a homerangewith a
distinct core doesnot necessarilyreflect the nomadicnatureof chimpanzeesThereare
no permanentcontinually reusednests,lying up sites,or dens,to which the animals
return after each foraging trip. While chimpanzeeslo revisit areas,and may have
preferrednestingsites,they areableto constructnestswhereverthey happerno be at the
end of eachday. The core areasmay thus be truly statistical,representingpreferred’
areasof activity, but havingno physicalcentre.Undertheseconditionsthe multi-nuclear
coresgeneratedoy clusteranalysismay be more accurate,in termsof defining these
preferred areas, than are the perhaps excessively smoothed kernel estimated cores.

For the GombeKasakelacommunity, male core areaswere significantly larger than
female core areas,and femalesin Kibale Foresthave beerfound to occupy smaller
rangeghando males(Chapmar& Wrangham1993).Although Kasakelanaleshadcore
areasgenerally aroundtwice the size of female core areas,the overlap in size was
considerable—sizesf femalecore areasfell within the rangeof the sizesof male core
areas(Wrangham& Smuts,1980). For both malesand females,core areasrepresented
the samefraction (40-60%)of eachindividual’s total range.Core areasfor male Sonso
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chimpanzeescover a smaller proportion of the total range, averaging32% (kernel
analysis)or 7% (clusteranalysis) which may be the resultof absolutelygreaterevelsof
food abundance.

Habitat and Visibility

Chimpanzeeteedon awide variety of food items(Appendix4; Wranghaml977),andit
hasbeen suggestatiattheyfollow a strategyof maximisingnutrient,ratherthanenergy,
intake (Hladik, 1977). The diet of the Sonsochimpanzeesppearanore similar to the
Gombe chimpanzeeghan it doesto the Kibale chimpanzeeqsee Wrangham1977;
Wranghamet al., 1996), at leastas measuredoy proportionsof different food types.
Despite this variety in diet, feeding time is concentratedbn food items from a few
preferredspeciesThe distributionof thesepreferreditems,togetherwith the distribution
of any‘fallback’ foodsconsumedvhenmoredesiredfood itemsareunavailablejs likely
to influence ranging patterns.

Terrestrialherbaceousegetation(THV) hasbeen suggesteas a fallback food, when
arboreal fruit are scarce,for some chimpanzeepopulations(Malenky et al., 1994;
Wranghametal., 1996).In comparisorto the Gombeand BudongochimpanzeesTHV
appeardo replacearborealleavesin the diet of the KanyawarachimpanzeesAlthough
THV is four timesascommonin Kibale thanit is in Budongo(A. J. Plumptre,personal
communication)thisis insufficientto accountfor the observedlifferencedn relianceon
THV.

It may be that the Sonsochimpanzeesave alternatefoods to buffer them against
periodsof food shortage Cynometraalexandrii fruits only for a restrictedperiod each
year,andits seedshaveelsewherébeendescribecasanimportantfood for chimpanzees
in Budongo(Sugiyama,1968), specifically during the relatively shortdry seasonThe
Sonsochimpanzeesaveaccesdo Broussonetigpapyriferaplantedcloseto the largely
defunctsawmill, andthis is slowly colonisingforestgaps.This providesan almostyear-
round food supply, with the chimpanzeesonsumingyoung and matureleaves,flowers
andfruit. The availability of this food may be the reasonfor the relatively small home
rangeestimatedor the Sonsocommunity,andthe locally high populationdensity.The
presencef the B. papyriferameanghatthe Sonsocommunityshouldnot beregardedas
typical of Budongochimpanzeesalthoughthe mosaicnatureof the forestis likely to
ensurethat eachchimpanzeeeommunitywithin the forestencounters different mix of
habitats and food distribution.

The lack of any differencein habitatcompositionbetweenmale core areasis further
evidencethat foresttypes,andthe food resourceghey contain,are equallyaccessibl¢o
eachmale, and unlikely to lead to differencesin individual behaviour.Similarly, no
differencein the habitat compositionof male home ranges,other than a difference
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betweertherangesf two males wasfound. Constraintn associatiorpatternamposed
by food supplyareunlikely to be strong,with alternatejf perhapdesspreferredchoices
of food items being available.The lack of any obvious ecologicaldifferencebetween
male core areas is strongly suggestive that these cores are social in their function.

Visibility appearsprimarily to affect party cohesion.Under low levels of visibility,
partiesare more dispersedand thus individuals are out of sight of one another.With
visibility betweensix andfifteen metres,party size increaseswith increasingvisibility,
while dispersionremainsunchangedmore chimpanzeesre aggregatingin the same
area.Theseresultssuggestthat the ability to seeother partymembersis importantin
keeping track of party compaosition.

When visibility exceedsfifteen metres,parties becomesignificantly more clumped
than underlow visibility conditions,which may be a functional responseo predation
pressure.

The Chimpanzee Social System

Evidencefrom the Sonsochimpanzeesupportsthe predictionsof the ‘social cores’
hypothesis,and fails to supportan ecological explanationof malescore areas.Male
home rangeshave core areas,and males do not therefore range evenly over the
communityrange.Thesecore areaswherethe probability of finding eachmaleis 80%,
representon averageonly a third of eachmale’s homerange.They are distinct, and
overlap significantly less than would be the caseif malesusedthe community range
more or lessequally. Thereare no significantdifferencesin the habitatcompositionof
male core areas.Thesecores may thereforefunction to increasethe predictability of
being located by other males, and enable males to make choices as to social partners.

Both malesandfemales(Wrangham& Smuts,1980)appearto spendthe majority of
their lives in relatively small coreareas Maleswerethoughtto rangewidely in orderto
defendaccesdo a numberof femalecoreareasandto searchfor reproductivelyactive
females.Observationsuggestthat female core areasare importantto ensureaccesso
food resourcedor femaleswith infants.However,cycling femalesdo not remainin their
coreareasput associatenorewith males(Goodall,1986;Nishida& Hiraiwa-Hasegawa,
1987).1f malesoccupycore areasto facilitate locationby allies, thenfemalesmay take
advantagef this behaviourto predictthe locationof a preferredmale,or to ensurethat
all malesare awareof her cycle state.The femalebenefitsby increasingthe probability
of a successful consortship, or monopolisation and fertilisation by the alpha male.

Furthermoreit seemghatcommunityboundariesarehazardougor males(Goodall,et
al., 1979;Nishida,1979).Malescaughtaloneon a boundaryrisk seriousinjury or death.
Neverthelessthe needto defendboundariegequiresa systemof rangedefencewhich
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minimisesthe amountof time eachmale spendsneara boundaryand so the probability

of encounteringmales from other communities. Selection should thus favour the

evolution of territorial behaviourwhich puts individuals at low risk. Rangedefence
should be infrequent,unpredictable and conductedin powerful groups,characteristics
typical of chimpanzeeboundary patrols and the loud vocal advertisementof male

presence (Goodall, 1986; personal observation).

If the risks associatedvith trespassingnto a neighbouringcommunity’srangeare
sufficiently high, and the possibility of encounteringother community males is
unpredictablethenrangedefencemay be maintainedoy ‘mutual respect’(Frank,1995).
Solong asboundariesare ‘defended’occasionally and unpredictably rangeboundaries
should be respected.Males of each community would be expectedto test range
boundariesmaking incursion patrolsin stronggroups,and the mutual respectsystem
would breakdown if onecommunitywastoo weak,in the senseof havingtoo few adult
males, to maintain range defence.

In thick forest with no strong topographic featuresto define community range
boundariesinambiguouslyboundaryzonesmay developto reducethe chanceof males
from different communitiesencounteringone anotherat short range. Core areasfor
Kasakelamalescoveraroundhalf of the communityrange(Wrangham& Smuts,1980),
in a habitatwhere frequentridges provide obvious markersof community boundaries.
The samemay apply to the chimpanzeesf the Kibale Forest,wherevalleysandridges
arepronouncedCoreareador Sonsomalescoverno morethanathird of the community
range.In this forest,therearefew clearmarkersfor rangeboundariesandit appearghat
difficulties in identifying clear rangeboundariesfavour small core areassituatedwell
away from range edges.
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Chapter 7

DECISION MAKING
PROXIMITY AND GROOMING

“Social primatesare requiredby the very nature of the systemshey create
and maintain to be calculating beings”

N. K. Humphrey, The Social Function of Intellect, 1976

INTRODUCTION

Behaviour,by its very nature,requiresthe making of decisions.Whetheran animalis
selectinga singlebehaviourfrom its repertoire pr atargetfor thatbehaviourwheneveiit
makesa choicefrom arangeof alternativesbeit behaviourpatternshabitat,prey, social
partnersor potentialmates,it makesa decision.The flexibility anindividual animalhas
in making decisionsis determinedby the particular mechanismresponsiblefor that
choice.The morecomplexthe environmento which the animalhasto respondthe more
decisionsthe animalwill be requiredto make.The more variablethe environmentthe
greaterthe flexibility in decision-makingan animalwill need.It is thereforein the most
complex behaviour that the clearest examples of decision-making are likely to be found.

Decision-makingoy animalshasbeeninvestigatedooth from a functional perspective
andfrom a mechanistigperspectivgreviewedby McFarland,1985; Krebs & Kacelnik,
1991). Functional studieshave looked primarily at the behaviourof animalsin their
natural environment,whereasmechanisticstudieshave concentratecn a few species
held in highly controlled, and artificial, conditions.

From a functional perspectivean animal’sdecisionsare consideredn termsof costs
and benefitsto its Darwinian fitness, pursuingthe ideathat natural selectionoptimises
choicessuchthaton averagdandividualsmakethosechoiceswhich providea maximum
fitness benefit, given various constraints(Dawkins, 1986; Krebs & Davies, 1987).
Functional analysis treats animals as if they make decisionsbasedon a rational
considerationof the different costsand benefitsof the options available but assumes
simply that natural selectionhas producedanimalswhich behaveas if they can make
such decisions,without investigatingthe mechanismgesponsible Decision-makingis
thusvery mucha metaphorput potentiallyexplainsmuchaboutthe naturalbehaviourof
animals (Krebs & Kacelnik, 1991).

Mechanistic analysis instead attempts to identify how an animal makes, what
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functional analysiswould identify as, the optimal choice. Although apparentdecision-
making canoccurwhenan animaltakesbehaviouraklternativesat random(McFarland,
1985), the term ‘decision’ should be avoided when describingrandom alteration of

behaviour to distinguish this from alterations which are the result of some stimulus.

The most basicform of stimulus-basedlecision-makings the simple and inflexible
responsesuchasthe apparenpreferencdor damphabitatshownby commonwoodlice
(Porcellio scabej. Preferences only ‘apparent’ in this caseas the animalsare not
selectingthe humid habitat,but simply endingup thereasa resultof increasedctivity in
conditionsof low humidity (McFarland,1985).Active selectionrequiressomedegreeof
information processing in relation to the available options.

Much of the work investigatingmechanism®f decision-makinghasbeenconcerned
with motivation, concentratingon basicbehaviourpatternssuchasfeeding.An animal
switches from one behaviourto anotheras the motivation to perform the current
behaviourdrops, perhapsas a resultof performancepelow that for anotherbehaviour.
Feedbackand delay loops may exist to preventthe animal simply oscillating between
activities, but ultimately a motivation model becomesncredibly complexif it tries to
explainall but the simplestof decision-makingprocessef simpleanimals(McFarland,
1985; Dawkins, 1986). Although apparentlya parsimoniousmeansof explaining the
mechanism®f decision-makingthe motivationalmodeldoesnot necessarilyeflectthe
processesccurringinsidethe animal,and,in postulatingcomplexprocessceaseso bea
simple description of decision-making (Crook, 1980; Dunbar, 1988b)

An alternative explanation for decision-makingis that of cognitive information
processing.Alternative options are comparedto an internal referent,and the option
which mostcloselymatchespr bringsthe animal’sstatecloserto the ‘ideal’, is selected.
Thus the animal can be said to select,at a mechanisticlevel, one of the options—its
decisionis a choice. The cognitive decision, however, need be not ‘conscious’; the
animal need not be aware of the decision-making process.

This cognitive mechanismis evidentevenin motivational studiesinvestigatingthe
balancebetweentendenciedo drink and feed (McFarland,1969). Doves (Streptopelia
sp). for example,appearto makethe decisionwhetherto eatof drink on the basisof
‘motivation’, but whena barrieris placedbetweenfood and water, they appearto take
into accountthe difficulty, or cost,of changingbetweenbehaviourdMcFarland,1985).
Theyare,it seemsmakinga decisionbasedn a cognitivecombinationof environmental
information.

To say that individuals are making choices,ratherthan simply respondingin some
fixed way to a rangeof options, inevitably implies a degreeof intentionality in the
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decision. Intentionality (Dennett, 1971, 1988) means that animals have mental
representationsf the goalsthey are attemptingto reach,that, in essencethey think
beforeacting. Dennett’'ssystemascribesdesiresand beliefs to animalsby a numberof
levels, each of increasing complexity. Creatures capable of only ‘zero order’
intentionality are automata. They respond inflexibly, and so do not ‘think’.

Animals capableof first order intentionality have desires,or beliefs, but no beliefs
aboutthosebeliefs. They canbe said to think, but notto think aboutwhat they think;
their thoughtprocessesire inaccessibléo them. The behaviourof suchanimalscanbe
saidto be voluntary (Cheney& Seyfarth,1990).Secondorderintentionalityis ‘thinking
about thinking’, with higher orders describing further recursionsof thinking about
thinking (Dennett, 1988). Second,and higher, levels of intentionality imply that the
animalis capableof reflecting on its own thoughts,and attributing thoughtsto others.
They know what they know, and are therefore‘self-aware’. Animals with secondand
higher orders of intentionality possess some form of consciousness (see Chapter 8).

Although Byrne (1995a)concludesthat there are no observablealifferencesbetween
the behaviour of animals with zero order and first order intentionality, Cheney &
Seyfarth(1990) suggesthat alarm calling in vervetmonkeysis voluntary,asit canbe
performedor withheld dependingon circumstancesandthatthis is evidencethat vervet
monkeysareat leastcapableof first orderintentionality. The sameappeardo bethe case
for a range of birds and mammals (Cheney & Seyfdith).

Decision-makingin chimpanzees$as beenlittle investigatedoutsidethe laboratory.
That chimpanzeesare capableof rationalchoiceis shownin their ability to choosefrom
an array of inherently meaninglesssymbolsto describeobjects, requestitems, and
apparentlyannouncduture actions(see:Savage-Rumbaugh Lewin, 1994;Matsuzawa,
1996).Theyappeato be capableof makingdecisionsdbasedon assessmertf the mental
statesof other individuals, both of humans(Premack& Woodruff, 1978; Povinelli,
1992), and other chimpanzeegdeWaal, 1982; Menzel, 1973; Savage-Rumbaugh
Lewin, 1994).They areclearly capabletherefore of thinking (first orderintentionality),
and may well be capableof ‘thinking about thinking’ (secondorder intentionality).
Decision-making in chimpanzees can therefore be regarded as intentional.

Chimpanzeegnlike monkeys appearcapableof understandinghe propertiesof tools
(Visalberghi& Limongelli, 1994;Byrne, 1995a)and makeappropriategoolsin the wild
(McGrew, 1992). Matsuzawa (1996) describesindividual chimpanzeesas having
favourite stonetools, but the factors which determinethe preferenceare not known.
Determining the factors which influence the choice of tool, or raw material, should
illuminate the mental processesnvolved in the choice. Since social partnerscan be
regardedpotentially,as‘social tools’ (seereviewsby Whiten & Byrne, 1988c;Cheney
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& Seyfarth1990; Byrne 1995a),a fruitful line of investigationmay be to examinethe
choice of social partners.The rangeof alternativesis fairly easily specified,and the
choiceis likely to be a commonevent.The cognitive demandf suchsocialdecisions
should be evident in the factors predicting the choice.

Studiesof chimpanzeexommonly assumethat the spatial organisationof a set of
individualsreflectsthe underlyingnatureof the relationshipshetweenthoseindividuals
(Sugiyama1988; Kawanaka,1993; White & Chapman1994; Furuichi& Ihobe,1994);
a reasonableassumptionsupportedby availabledata. The compositionof chimpanzee
partiesis thoughtto be the result of decisionsmade by individuals concerningthe
identities of their associategsee Chapter5), while the structureof theseparties,the
relative positionsof party membersjs thoughtto resultfrom decisionsconcerningthe
identities of those individuals nearestto them, their ‘nearest neighbours’, and the
interveningdistances(White and Chapman,1994). Individual chimpanzeeghus have
opportunitiesto make decisionsregardingtheir social partnerson two levels: party
composition,the identities of associatesand party structure,the relative positions of
individuals. If chimpanzeesare pursuing social strategies,they are likely to make
tactical choices which reflect their strategic goals.

Underthe hypothesiof tacticalassociationindividualsassociatingn orderto interact
would be expectedto position themselvesn close proximity to associationpartners,
while those associatingpurely to observethe behaviourand relationshipsof others
should show no strongtendencyto maintainclose proximity to otherindividuals. The
tendencyof any two individuals to be nearestneighboursshould thereforemirror the
tendencyof thatdyadto associaten the sameparties;the fundamentatlecisionis that of
party membership (Chapter 5).

However, the social environment may be more complex still, as individuals
associatingwith one anotherhave only limited control over the associationsf other
individuals; associationbetween twoor more individuals does not preclude their
associatiorwith athird. This raisesthe possibility thatthe tendenciesndividualshaveto
bein closeproximity will not closelymirror their associatiortendenciestheir choiceof
proximity partnersis constrainedy the compositionof the party, and the strategiesof
the otherindividuals presentHigh associatiorstrengthmay reflecta highly competitive
relationship,or onewhereoneindividual ‘follows’ a second.In eithercase,thereis no
reasonto expecta equally high tendencyto be in closeproximity. Differencesbetween
the proximity tendencypredictedby associationstrength,and the observedproximity
tendencytogetherwith the absolutevaluesof each,reflect details of the relationships
between members of each dyad.

Furthermore the existenceof partnerpreferencesvhich are explicablein terms of
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social strategiessuggestshat chimpanzeesare requiredto use cognitive information
processingdo selecttheir proximity partnersdrom the highly variablesocialenvironment,
balancingthe available options with those available should they changeparties. The
requirementor a cognitive mechanisnctanbe investigatedurther by looking directly at
decisioneventswhenindividual chimpanzeeselect,or choosegroomingpartnersThis
decisioninvolves both a choice of proximity partner,and a decisionto groom. The
individual is clearly motivatedto groom, but the decisionof interestis who is chosenas

the grooming partner.Factorswhich predict the choice should suggestthe mechanism
involved; the more abstract the factors, the more necessary is a cognitive mechanism.

METHODS

Data Collection

Dataon party structurewere collectedduring 30 minute focal samplingof twelve adult
males. The positions of all individuals within 10 metresof the focal animal were
recordedon a continuousbasisthroughoutthe sample,to the nearesthalf metre.Male
chimpanzeeslmostinvariably held higher social statusthan females(see Chapter4),
and so shouldhavehadthe ability to displacea femalefrom a positionin proximity to
anothermale. As a result, an investigationof the relationshipsbetweenmalesand the
factorsinfluencing their decisionsneedconsideronly the spatial organisationof males
within a party, and can ignore the spatial position of females.

Data concerningthe choice of grooming partners,in the form of natural ‘choice
experiments’, were extracted from the focal samples.In all instanceswhere one
individual approachedand then groomeda second,when a third individual was also
presentwithin 10 metres,the identities of the threeindividuals were recorded.The
identities of other males within 10 metres were also recorded,as were the initial
distancedetweerthe ‘choosing’ individual and eachof the possiblegroomingpartners.
The time delay betweeninitial approachand grooming initiation (‘latency to groom’)
wasrecordedaswasthe durationof groomingbeforea responsevasobtainedfrom the
partnerWhenno responsevasobtainedthe durationof groomingwasrecordeduntil the
bout was terminated.

Data Analysis

Proximity

Proximity dataareby their very natureautocorrelateWhite andChapman1994),asan
animal’s position at any onetime determinesits location at a subsequentime. To
minimisethe effectsof suchdependencypnly a single point sampleof spatialproximity
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wastakenfrom the continuousrecordof eachfocal sample;the initial proximity record
in eachsample Eachproximity samplewasthusseparatedby a minimum of 45 minutes.
Recordswhere no male was within 10 metresof the focal were discardedfor this
analysis.

Threeindicesof proximity were derived, reflecting (1) the frequencyof eachdyad
existingas‘focal-nearesmale’, (2) the frequencyof eachdyadexistingas‘focal-nearest
male’, weighted by the distance separatingthe membersof the dyad and (3) the
frequencyof being ‘nearby’, where membersof the dyad were either ‘focal-nearest
male’, or ‘focal-second nearest male’.

A similar methodologyto that usedin Chapter5 for constructingassociationindices
was usedhere.The first stepwasto convertfrequenciesof proximity into an index of
proximity to control for the effectsof differential focal sampling.Observationf both
members of each dyad were combined using the index:

Pag = (Nag+Nga)/(Fa+Fg)

whereN,g is the numberof observation®f B asthe nearestnaleto focal A, Ng, is the
numberof observation®f A asthe nearestmaleto focal B, F, is the numberof focal
samples of individual A, andgfs the number of focal samples of individual B.

This indexis thatusedby White andBurgman(1990)in their studyof party structure
in bonobogPan paniscu}. The secondstepwasto controlfor differential observatiorof
dyads, by converting these indices into internal Z scores:

Zpg = (Pag-P)/s

where‘P,g’ is the proximity index, ‘P’ the meanindex acrossall males,and’s’ the

sample standard deviation.

Weighting the frequencyof proximity was done by multiplying the frequency of
proximity by the medianreciprocaldistancebetweenthe membersof the dyad. More
importanceis thus attachedto close, than to distant, proximity, with the difference
attachedto each unit changein distancedecreasingas the distancefrom the focal
increasesTo give the greatestimportanceto individualsin contactwith the focal, the
distance between the individuals was set to one half metre.

The first of thesethree measureof proximity, expressedasinternal Z scores,was
interpretedas the tendencyof eachdyadto be in close proximity, suchthat they were
nearestneighbours.The secondmeasurewas interpretedsimilarly, but the weighted
frequenciesreflected more of the strengthof the dyadic proximity relationship.The
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measuresvere thus termed‘unweighted’, and ‘weighted’, dyadic proximity strengths.
Thethird measureeflectedthe tendencyindividualshadto bein closeproximity without

necessarilybeing nearestneighbours,and so describedthe tendencyof individuals to

form clusters within parties. This measure was termed ‘clustering tendency’.

Proximity measuresuchas‘nearesteighbour’producedatawhich showdependency
betweendyads,aswhenA is B’s nearesheighbour,C cannotbe B’s nearesneighbour.
Unlike associatiordata,whereany numberof individuals can be in associatiorat any
time, only a singlenearesneighbourcanexistat eachtime point. Appropriatestatistical
testsin thesecircumstancesre the distribution free permutationtestsbasedon Mantel
matrix correlation procedures(see Chapter4). K, correlation tests, which allow for
individual differencesandarenot subjectto the undueinfluenceof outliers,wereusedto
testthe hypothesisthat the threemethodsof assessingproximity strengthmeasurethe
same phenomenonand that differencesbetweenthe indices reflect peculiarities of
particular dyadic relationships.

Individual malesdiffer in the natureof their associationsvith othermales.Sometend
to form dyadswhich stronglyassociatewhile othersform dyadswhich tendto associate
only infrequently.In all caseghe associatiortendencievary from dyadto dyad(dyadic
associatiorstrengthsseeChapters). To investigatethe variationin proximity relations,
dyadic proximity strength,both weightedand unweighted,was plotted for eachdyad.
Plotswereorganisedo showproximity relationshipsof eachindividual with eachof his
potential nearestneighbours,and anydifference betweenweighted and unweighted
dyadic proximity strengths.

To examine further the nature of each individual's proximity relationships
multidimensionalscaling (the ALSCAL algorithm: Schiffmanet al., 1981) was usedto
calculateand plot graphicalrepresentationsf proximity tendenciesSquaredeuclidian
distancesbetweenindividuals were calculatedfrom the matrix of dyadic proximity
strengthsfor bothweightedandunweightedndices.Individualswerethenplottedin two
dimensions,such that the distancesbetweenindividuals in these plots reflect their
similarity in proximity tendencies.

High statusmaleshave beemroposedasattractivesocialpartnergseeChapterd). To
investigatethis, matrix correlationswere conductedusing eachof the threeproximity
measures, to test the relationship between proximity and social status.

Hypothesis: The tendencyof male chimpanzeedo be in close proximity is a
function of their status,suchthat high statusmaleshave greater
proximity strength values than do lower status males.
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Prediction A positive correlation between status and dyadic proximity
strength.

To determinevhetherthe proximity relationshipsetweenndividualsareproducedoy
a preferencefor individuals of a particular relative status,an hypothesismatrix was
constructedor eachof the following four hypothesesin which eachcell conformingto
the hypotheticalrelationshipwasfilled with a 1, all othercellsby a zero. Thesemutually
exclusive hypothesesare one tailed, as each specifiesthe direction of the predicted
relationship.

Hypothesis 1.  Proximity relationships are produced by a preference for
individuals of a similar status level (Chapter 4).

Hypothesis 2.  Proximity relationships are produced by a preference for
individuals of higher status.

Hypothesis 3:  Proximity relationships are produced by a preference for
individuals of lower status.

Hypothesis 4.  Proximity relationships are produced by a preference for
individuals of a different status level.

The hypothesisf tacticalassociatiorpredictsthatthe tendencyof individualsto bein
close proximity should reflect the tendencyof individuals to associatein the same
parties.This was investigatedby regressingneasure®f proximity againstassociation
tendency.The possibleinterdependencygf proximity datameantthatthe significanceof
such relationshipscould not be tested using standardparametricor non-parametric
techniguesandsothe Manteltest,a generalisedegressiormethod(Schnellet al., 1985)
which models a simple linear relationship (Smouseet al., 1986), was used. The
significanceof the Mantel Z statistic was assessedy meansby meansof a random
permutation procedure, using 5000 permutations (see Chapter 4).

Differencesbetweendyadic associationstrengthand dyadic proximity strengthmay
indicatecharacteristic®f the relationshipbetweenmembersof a dyad. Dyadswith high
dyadic associationstrength,but low dyadic proximity strengthmay be found together
becauseoneindividual wishesto associatavhereashe otherdoesnot, whereasf both
dyadicassociatiorstrengthand dyadic proximity strengthare high the indicationis that
the associations the resultof a mutualdecision.The positionof the dyadin relationto
the regressiorline potentiallyindicatesthe affiliative or antagonistimatureof the social
relationship between the members of the dyad.

Both measure®f dyadic proximity strength,and clusteringtendency were regressed
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againstdyadicassociatiorstrengthusingthe Mantel procedureandtheresidualdor each
dyad were calculated.Theseresidualswere examinedto ascertainthe suitability of the
regressionmodel, and analysedfurther to investigate the nature of the proximity
relationship between members of each dyad.

Grooming Decisions

Subjective impressions suggested that grooming partners were being chosen
intentionally. To determinewhethera choice was in fact being made,and if so, to
establishthe factors importantto any decision,three hypothesiswere constructedto
explain the apparentchoice. To test betweenthese hypothesesjt was necessaryto
determine the predictability of choice:

Hypothesis 1:  No choice occurs. Selection of grooming partners is random.

Prediction No factors predict the identity of selectedpartner. No partner
preference.

Hypothesis 2:  Groomingis the resultof a grooming‘drive’. When an individual
wishes to groom, it ‘selects’ the nearest individual.

Prediction Relativedistancebetweenpotentialchoicescompletelypredictsthe
selected individual.

Hypothesis 3:  Choiceis the resultof a cognitive assessmerdf the relative value
of each potential partner.

Prediction The nature of relationship between choosing individual and
potential choices predicts the selected individual.

Grooming partner choice was investigatedby comparingthe frequencyof partner
selectionwith the frequencywith which the individuals were available as choices,
initially by the constructionof preferencandices,using lvlev’s index (seeTable 6.1).
Samplesizes were small, and so indices were constructedonly for males observed
makingeightor morechoices Otherindividualsmadeno morethanfour selectionsAs a
measureof preference,lvlev’'s index is weakestwhen samplesizesare small. If an
individual is available,but notselectedthe index suggestextremeavoidance When
only afew selectionsaremadein total, however Jow preferencendividualsarelikely to
be ignored,whereasvhenmore choicesare made,they may be selectedalbeitat a low
level. The index was usedthereforesimply to examinewhetherany preferencewas
shown, and how this varied between individuals.

To investigatethe effect of distancethe frequencyat which individualsselecteceither
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the nearestpr ‘not nearest’potentialpartnerwas determinedandthe average(median)
distanceof the selectedpartnercomparedto the mediandistancefor rejectedpotential
partnersby meansof a Mann-Whitneytest. For caseswhere the numberof potential
partnerswas two, and thus eachindividual was either selectedor rejected the distance
from the selectingindividual to eachpotentialpartnerwas comparedusinga Wilcoxon

matched pairs signed ranks test.

The delay betweeninitiating an approachand initiating grooming, the ‘latency to
groom’ is potentially indicative of decision-making Spearmarrank correlationswere
used to examine the relationshipsbetween latency to groom and the number of
individuals present,the mean statusof potential grooming partners,the statusof the
partnereventuallyselectedandthe statusof the choosingndividual. Similar correlations
were also usedto examinethe associationdbetweenlatencyto groom and the dyadic
measures of association strength and proximity strength.

If partnersare deliberatelychosen,aspectsf the natureof the relationshipbetween
individuals should predict the choice. Descriptorsof different aspectsof the dyadic
relationship used here were the relative status of each of the individuals, dyadic
associationstrength,and dyadic proximity strength.Eachis a potential predictor of
grooming partner choice. Their relative importanceas predictorsshould show which
aspectf dyadicrelationshipinfluencethe choiceof groomingpartner.If groomingis
usedtactically, individuals should chooseto groom thoseindividuals with whom they
choose, tactically, to associate.

With the possibility of multiple factors acting simultaneously,and potentially
interacting with one another, multivariate rather than univariate analysis is more
appropriate.In the ‘natural choice experiments’ investigated here, the number of
individualsavailableas potentialgroomingpartnersvariedfrom two to six. Wherethere
are three or more potential choices analysis is complicated, and analysis of all
observationsogethers morecomplexstill, sincethe probability of randomchoicevaries
asthe numberof potentialchoiceschangesAs a first stepin suchaninvestigation the
choice of one of two potential partnerswas analysed.Each potential choice was
classified by a number of categoricalvariables,and chi-squaredtests were used to
examinethe degreeof associatiorbetweerthesevariables A logistic regressiorwasthen
usedto build a statisticalmodelfrom alist of potentialpredictor variable¢Table7.1) to
determinewhich, if any,of thesepredictedthe choiceof groomingpartner.The variables
were entered into the logistic regression using a forward stepwise method.

Forward stepwiselogistic regressions a methodwhich assessethe significanceof
eachindependenvariable’sinfluenceon the dependenvariablealone,andthen,starting
with a model containingnone of the independentvariablesaddsthe most significant
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independentvariable, recalculatesthe significance of the influence of each of the
remainingexcludedvariables,and addsthe mostsignificantof these. After the addition
of eachvariable,the significanceof the explanatorywalueof the modelis reassessednd
variablescontinueto be addeduntil no further significantimprovementin the modelis
achieved.

Table 7.1. Potentialpredictorvariablesusedin logistic regressiorto determinefactorsinfluencing
the choiceof groomingpartners Weighteddyadic proximity strengthwasused.A is the individual
performing the selection, B the individual chosen,and C the individual rejected. Coding of
categorical variables is indicated.

Type of variable Potential predictor variable

Continuous
Status of choosing individual (A)
Status of potential choice (B, C)
Categorical(coding)

(nearer/further) Relative distance; Ato B, Ato C

(higher/lower) Relative status between A& B, A& C

(higher/lower) Relative status between B & C
(stronger/weaker) Relative dyadic association strength; AB vs AC
(stronger/weaker) Relative dyadic proximity strength; AB vs AC

Oncegroomingis initiated, the natureof the relationshipbetweerthe individualsmay
influence the natureof the groomedindividual’s responseKruskal-Wallis analysisof
variancewasusedto determinewhetherthe type of responsddefinedbelow)wasrelated
to the statusof both the selectingand respondingndividual, the durationof grooming
precedingheresponseandto theinitial latencyto groom.In addition,the lengthof time
an individual hasto groom before groomingis reciprocatedthe ‘latency to response’
may itself reveal somethingof the nature of the relationship betweenindividuals.
Spearmarrank correlationswere usedto investigatethe associatiorbetweenlatencyto
responsand (1) the statusof eachgroomingindividual (2) the differencein their status
(3) dyadic association strength and (4) dyadic proximity strength.

RESULTS

Proximity

The averaggmedian)distancebetweemearesimaleswas 1m (inter-quartilerange 0.5-
3m, n = 72), consideringdistancesno greaterthan 10m becauseof frequent,habitat
imposed visibility constraintseeChapter6). Measuref proximity weresignificantly
interrelated. Unweighted dyadic proximity strengthwas significantly correlatedwith
weighteddyadic proximity strength(K, = 256, = 0.39,n = 12, p, = 0.0002),andwith
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clustertendency(K, = 455,1 = 0.69,n = 12, p, = 0.0002).Weighteddyadic proximity
strengthwas also correlated(K, = 223,1t = 0.34,n = 12, p, = 0.0006) with cluster

tendency.

Individualsshoweda large degreeof variationin the frequencywith which theywere

in proximity with others(Fig. 7.1a,b),andfor somedyadsweightingfrequenciexhanged
the respectivedyadic proximity strengthsSomedyads(for example,CH-VN, KK-DN)

werein proximity frequently,but rarely in close proximity, whilst others(for example,
DN-JM, MA-NJ, MG-BK) wereinfrequentlyin proximity, but whenin proximity, inter-

individual distances were short.
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Figure 7.1a. Dyadic proximity strengthsfor high and mid-statusfocal males,assessedboth by
frequencyand frequencyweightedby reciprocaldistance.Males are arrangedaccordingto social

status by rows: DN to CH.
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Figure 7.1b. Dyadic proximity strengthsfor mid and low statusfocal males,assessedboth by
frequencyand frequencyweightedby reciprocaldistance.Males are arrangedaccordingto social
status by rows: JM to TK.

Two dimensionakcalingplots of the similarity betweenindividualsin their proximity
tendenciesare shownin Figure 7.2. The distancesetweenindividuals accountedor a
large proportionof the variancein the matrix of dyadic proximity strengthgfrequency
only: 90%; weighted frequencies: 87%).

Although no strongclusteringwas apparentthe majority of individualswere closeto
the centre of the diagram. This suggestedhat there was large degreeof individual
variationin proximity behaviour.TK, andto a lesserextentMU, wereto the left of the
the plot, which indicateda generallynegativetendencyto be in proximity with other
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males.This was unaffectedby weighting frequencieqcf. Fig. 7.1). VN and MA were
consistentlyto the right of the plot, and many of their dyadic proximity strengthswere
strongly positive. It seemedhat the first dimensionreflectedthe strengthof proximity
tendencies. The interpretation of the second dimension was less clear.
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Figure 7.3 showsthe relationshipbetweendyadic proximity and associatiorstrength.
Dyadsfalling belowtheline hadlower dyadicproximity strengththanpredictedby their
dyadic associationstrength.Thosefalling abovethe line had higher dyadic proximity
strengththanexpectedThe antagonistimatureof therelationshipsetweerDN andMG,
and betweenVN and MG, was demonstratedby the position of thesedyadsbelow the
regressiodine togethemwith the absolutevalues.The affiliative relationshipsor alliances
betweerDN andVN andbetweenVIG andBY arereflectedby thesedyadsfalling above
the regressiorline. The relationshipbetweenDN and KK may be anexampleof a uni-
directional relationship;the proximity relationshipis lessthan would be predictedby
their positive dyadic associationstrength,suggestingthat low statusKK maintainsa
positive associationwith the alphamale, DN, but DN doesnot reciprocate. As alpha
male,DN is ableto exertcontrol overthe identitiesof his nearesheighboursThat most
dyadsclusterwithin onestandardieviationof the origin suggestshattheserelationships
are not dominated by strong preferences.
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Fig 7.3a,b. Dyadic proximity strengthas a function of associatiorstrength.for both weightedand
unweightedmeasuresof proximity. Dyads discussedin the text are highlighted and labelled.
Regressiorlines calculatedby the Mantel regressionprocedureindicate the predictedproximity

relationship on the basis of association strength.

Regressionanalysisshoweda linear model to fit the relationshipbetweendyadic
proximity strength and dyadic associationstrength, with no trends apparentin the
residual plots. Dyadic associationstrength explains significant proportions of the
variancein both clusteringtendencyand dyadic proximity strength[unweighteddyadic
proximity strength(Z = 105,t = 4.07, p, = 0.0002;r2 = 0.65); weighteddyadicproximity
strength(Z = 82,t = 3.01,p, = 0.001;r2 = 0.40)]. Dyadic associatiorstrengthexplained
mostvariancein clusteringtendency(Z = 110,t = 4.09,p, = 0.0002;r2 = 0.72). Thiswas
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not surprisingasclusteringtendencyincludestwo of eachmale’snearesneighboursand
so comes closer to simply measuring association than do either of the other measures.

Theresultsof theseregressionsuggestedhat proximity choiceswerein parta result
of the more fundamentalassociationdecisions,but that other factors influenced the
choice of nearestneighbours.One of thesefactorsmay have beerrelative status(see
Table 7.2). Clustertendencywas significantly relatedto a preferencefor higher status
individuals,andanavoidanceof lower statusindividuals;within a party, malesappeaito
positionthemselveawayfrom thosebelowthemin status andclusteraroundthosewith
higher status.As a result, proximity relationshipsare likely to reflect the outcomeof
competitionfor spatialpositionwithin a party. Higher statusmalesarethereforelikely to
havegreatercontrol overtheir proximity relationshipsThis is unlikely to be possiblefor
all individuals, and maleswould be expectedto competefor position with a party.
Weighteddyadic proximity strengthwas significantly relatedto a preferenceor higher
statusmales,a trendthatwasapparenfor unweighteddyadicproximity strengthaswell.
Other proposed influences of relative status were not significant.

Table 7.2. Resultsof matrix correlationgK, tests)presentedst values* = Resultsignificantat o
= 0.05. # = apparent trend (i.e. just not significart at0.05).

Proximity measured by:

Nearest male Nearest/second nearest
Hypothesis Frequency Weighted frequency Frequency
Preference for:
same status level 0.06 0.09 0.03
other status level -0.04 -0.09 -0.01
higher status level 0.16* 0.27* 0.23*
lower status level -0.17 -0.19 -0.25*

Differencesbetweenthe resultsof the proximity strengthregressionsuggestedhat
frequencyof proximity and the distancebetweennearestneighboursmean different
things for the relationshipbetween twochimpanzeesThe residualswhich seemedto
differ most betweenthe unweighted(Fig. 7.3a) and weighted (Fig. 7.3b) proximity
strength regressionswere those for dyads with low positive, or slightly negative
associationstrengths BK and MA, for example,had a fairly ambivalent‘association’
relationship but showeda positive ‘proximity’ relationship particularlywhen proximity
frequenciesvere weightedby distance,suggestinghat whenthesemalesare together,
theyareoftenclose,probablygrooming.Thesemaleswereboth membersf the groupof
middle and high statusmaleswho performed,andreceived the mostgrooming(Chapter
4). Thesemalespotentiallyhavethe mostcomplexpolitical lives, andwould be expected
to be the most frequent users of grooming as a social tactic.
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To investigatethis, eachdyad was categorisedby the numberof middle and high
statusmales(BK, MG, MA, CH, JM; seeTable 4.2) in that dyad. The higheststatus
males,DN andVN, werenot includedin this groupasthey werean alpha-betaalliance
andpotentiallylessin needof political tacticsin their social interactiondMeanvaluesof
dyadicresidualswere negativefor dyadswithout any of thesemales,closeto zero for
thosecontainingonly one of the five, and positive for dyadscomposedf two of these
five males(Table7.3). Therewereno significantdifferencesdetweerdyadsclassifiedin
this way for residualscomputedfrom the regressiorof unweightedproximity strengths
(Fo63 = 0.83, p = 0.44). For the residualsfrom the weighted proximity strength
regressiorhowever,dyadscomposedf two of thefive middle andhigh statusmaleshad
significantly strongerproximity relationshipsthan did dyadscontainingone or none of
thesemales(F, 53= 6.86,p = 0.002;posthoc Schefféetest),supportingthe ideathatthese
malesmay be using proximity tactically. Despitetherebeing no generalpreferencefor
individuals of similar status (see Table 7.2), and close to averagefrequenciesof

association and proximityyhenin proximity these males tend to be close to one another.

Table 7.3. Mean residuals(+ standarddeviation) from regressionf unweightedand weighted
dyadic proximity strengthagainstdyadic associatiorstrength,groupedby the numberof middle to
high status males comprising the dyad.

Number Mean residual

of males Unweighted Weighted
None -0.085+0.51 -0.304 + 0.67
One -0.024 £ 0.60 -0.076 £ 0.72
Two 0.183 £ 0.69 0.626 £ 0.76

Grooming Decisions

Individual chimpanzeesvere observedto selecta groomingpartnerfrom two or more
potential partnerson 81 occasionsduring focal sampling.In 41 casesthe choice was
between twamales,in 20 casesdbetweenthreemalesandin 15 caseshetweend males.
Only two casesnvolveda choicebetweerfive males,andthreecasedetweersix males.
The numberof occasionson which a single individual chosea grooming partnerfrom
two or morepossibilitiesvariedfrom two to 15. Five individualswereobservedhoosing
grooming partnerson eight or more occasionsand thesemalesshow clear preferences
for particularindividuals (Table 7.4). Theseresultsmust be treatedwith cautiongiven
the small sample sizes.
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Table 7.4. Preferencdor groomingpartnersas shownby naturallyoccurring‘choice experiments’,
with degreeof preferenceindicated by Ivlev's index (Krebs, 1989). “+" indicates degree of
preference, “ - " indicates degree of avoidance.

BY (15 choices) # occasions % occasions Ivlev’'s
Partner selected available selected available index Preference
AY 0 1 0.00 2.33 -1.00 ---
BK 1 2 6.67 4.65 0.18
CH 4 8 26.67 18.60 0.18
DN 0 4 9.30 0.00 -1.00 ---
GS 0 1 0.00 2.33 -1.00 ---
JM 2 2 13.33 4.65 0.48 ++
KK 0 1 0.00 2.33 -1.00 ---
MA 0 1 0.00 2.33 -1.00 ---
MG 5 11 33.33 25.58 0.13 +
MU 0 1 0.00 2.33 -1.00 ---
NJ 1 1 6.67 2.33 0.48 ++
VN 1 8 6.67 18.60 -0.47 --
ZT 1 2 6.67 4.65 0.18 +
KK (14 choices) # occasions % occasions Ivlev's
Partner selected available selected available index Preference
AY 0 2 0.00 5.88 -1.00 ---
BK 0 1 0.00 2.94 -1.00 ---
BY 4 6 28.57 17.65 0.24 +
CH 1 3 7.14 8.82 -0.11 -
DN 2 5 14.29 14.71 -0.01 none
IM 1 2 7.14 5.88 0.10 +
MA 3 6 21.43 17.65 0.10 +
MG 1 2 7.14 5.88 0.10 +
MU 1 2 7.14 5.88 0.10 +
VN 1 5 7.14 14.71 -0.35 --
zZT 0 2 0.00 5.88 -1.00 ---
DN (12 choices) # occasions % occasions Ivlev's
Partner selected available selected available index Preference
BK 0 1 0.00 2.70 -1.00 ---
BY 1 6 8.33 16.22 -0.32 -
JK 0 1 0.00 2.70 -1.00 ---
IM 0 1 0.00 2.70 -1.00 ---
KK 0 3 0.00 8.11 -1.00 ---
MA 3 9 25.00 24.32 0.01 none
MG 3 5 25.00 13.51 0.30 +
MU 1 2 8.33 5.41 0.21 +
NJ 0 1 0.00 2.70 -1.00 ---
TK 0 1 0.00 2.70 -1.00 ---
VN 4 6 33.33 16.22 0.35 +
ZT 0 1 0.00 2.70 -1.00 ---
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(Table 7.4. Cont)

MA (9 choices) # occasions % occasions Ivlev's
Partner selected available selected available index Preference
BK 1 1 11.11 3.70 0.50 ++
BY 2 4 22.22 14.81 0.20 +
CH 0 2 0.00 7.41 -1.00 ---
DN 2 5 22.22 18.52 0.09 +
IM 1 1 11.11 3.70 0.50 ++
KK 0 1 0.00 3.70 -1.00 ---
MG 1 2 11.11 7.41 0.20 +
MU 0 2 0.00 7.41 -1.00 ---
NJ 1 3 11.11 11.11 0.00 none
VN 1 4 11.11 14.81 -0.14 -
ZT 0 1 0.00 3.70 -1.00 ---
ZF 0 1 0.00 3.70 -1.00 ---
VN (8 choices) # occasions % occasions Ivlev's
Partner selected available selected available index Preference
BY 4 6 50.00 25.00 0.33 +
CH 0 2 0.00 8.33 -1.00 ---
DN 1 5 12.50 20.83 -0.25 -
M 1 1 12.50 4.17 0.50 ++
KK 0 2 0.00 8.33 -1.00 ---
MA 1 2 12.50 8.33 0.20 +
MG 1 1 12.50 4.17 0.50 ++
MU 0 2 0.00 8.33 -1.00 ---
NJ 0 3 0.00 12.50 -1.00 ---

In 74 cases(90.2%) the selectingindividual initiated grooming with his selected
partner.In 7 cases(8.5%) the selectingindividual moved to the selectedgrooming
partner,but did notinitiate grooming; grooming was initiated insteadby the chosen
individual.

In 31 cases(38%) at least one rejectedindividual was as close to the selecting
individual aswasthe selectedgroomingpartner.Of the remaining51 casesthe nearest
individual was selectedin 24 cases,a more distantindividual selectedin 26 cases.
Together,theseresultssuggestdistancealone did notinfluence selection.The median
distanceto the selectedpartnerwas, however, significantly less than that to rejected
potentialpartnergselected2m, inter-quartilerange0.75-4m;rejected:3m, inter-quartile
rangel-5m; Mann-WhitneyU test:U = 5235.5,z = -2.11, Nggjected™ 81, Nrgjected= 195, P
= 0.03), although when choice was between twopossible partners,there were no
significantdifferencesin the distancedetweenthe selectingindividual andthe selected
andrejectedpartneryselected1.5m,inter-quartilerange0.5-2.75m;rejected:1m, inter-
quartile range 0.5-3.25m; Wilcoxon sign ranks test-0.99,p = 0.32).
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The numberof individuals availableas potentialgroomingpartnerswvas significantly,
thoughnot strongly,correlatedwith the statusof the individual performingthe selection
(rs=0.25,n=79,p = 0.026).Higherstatusmalesthereforehada slightly wider rangeof
potentialgroomingpartnersfrom whom to makea choice,thandid lower statusmales.
This was likely to have beerthe result of the preferencefor higher statusproximity
partners.

Latencyto groomwas negativelycorrelatedwith the statusof the selectedndividual
(Pearson’scorrelation:r = -0.26, n = 60, p = 0.043); individuals approachand begin
groomingmorerapidly whenselectinga high statusndividual. Therewereno significant
correlationsbetweenlatencyto groomand other statusmeasuresor betweenlatencyto
groomandmeasure®f associatioror proximity (Table7.5), althoughtherewasa trend
towardsa negativerelationshipbetweenlatencyto groom and meanstatusof potential
partners.

Table 7.5. Resultsof Spearmanrank correlationswith latency to groom. No correlationsare
significant atr = 0.05.

Variables n rs p=

Status of choosing individual 60 -0.18 0.16
Mean status of potential choices 59 -0.25 0.06
Variance in status of potential choices 59 0.16 0.22
Number of individuals in party 60 0.14 0.30
Dyadic association strength 60 -0.19 0.16
Dyadic proximity strength 56 0.10 0.49

When choosingone of two possiblegroomingpartnersa decisionto selector reject
was significantly associatedvith the relative strengthof the dyadic associationgy? =
8.00,df = 1, p = 0.005) and dyadic proximities (y2 = 5.23,df = 1, p = 0.022).The
medianstatusof selectedindividuals was higher than that of thoserejected(selected:
3.41,inter-quartilerange3.01-4.28myejected:2.9, inter-quartilerange2.2-3.5;U = 464,
Nselected™ 36 Nrejected= 36, P = 0.04). The othercategoricalvariablesin Table7.1showed
no significant associationwith the choice of grooming partner (relative status(A&B,
A&C): %2 = 3.29,df = 2, p = 0.19; relative status(B&C): y2 = 3.63,df = 2, p = 0.16;
relative distance (A&B, A&C)y2 = 2.63,df = 2,p = 0.27).

Logistic regressiorproduceda significantmodel of groomingchoice(y?2 = 7.98,df =
1, p = 0.005;seeTable7.6), identifying only dyadicassociatiorstrengthasa significant
predictorof choice.Othervariables,including absolutemeasure®f status,andrelative
measureof both statusand distance,were not significant in the model. The model
predictedthat individuals selectedas grooming partnersthoseindividuals with whom
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they had the greaterdyadic associationstrength,with a probability of 68%. Although
other variableswere excludedas non-significantpredictors,the partial correlation of
dyadic association strength with selection was fairly IBw 0.252).

Together,theseresultssuggestthat other variables,not enteredinto the regression,
may be importantpredictorsof groomingchoices.The mostobviouspossiblepredictors
not investigatecherearethe length of time sincethe selectingindividual groomedeach
of the potentialpartners,andthe currentactivity of eachof the potentialpartners.The
first of thesecanonly be includedif continual(all day) focal samplingof the selecting
individual is conducted, a method which was not practical in this study (see Chapter 3).

To include the activity of potential partnersas a potential predictor variablein the
regressiormodel wouldhaverequireddatafor bothindividualsfor eachrecordincluded.
Activity of individuals other than the focalanimal was only recordedfor the focal's
nearesmneighbour,and so the necessarygatawere missingfor mostcasesof grooming
partnerselection.When the selectingindividual was not the focalanimal, only cases
wherethe focaland his nearesteighbourhad beenpotentialgrooming partnerscould
have beenncluded. When the selectingindividual was the focalanimal, only cases
where the potential partnersincluded the nearestneighbour,and the two potential
partners were interacting with one another, could have been included.

Table 7.6. Resultsof logistic regressiorusedto determinefactorspredictingselectionof grooming
partners.Relative dyadic associationstrengthwas codedl = relatively weaker,0 = relatively
stronger.

Variable B Wald P R
Dyadic assoc. strength -1.4839 7.458 0.006 -0.252
(weak/strong)

Constant 0.7419 3.729 0.05

x2=7.979,df = 1;p = 0.0047

Probability (event) =1/ (1 +%, where z = B+ B;X; + ByX,...
z =0.7419 + (-1.4839 x relative dyadic association strength)
For relative dyadic association strength = strong (coded 0)
Probability = 0.68

For relative dyadic association strength = weak (coded 1)
Probability = 0.32

In 63 of the 81 instancef groomingpartnerselection(78%) the immediateoutcome
of the groomer’s efforts was recorded. Four different responses were recorded:

* Initiator continuesto groom, while partner returns grooming; both grooming



DECISIONMAKING  7.22

simultaneouslyABgroon). 24 cases (29.2%).

 [Initiator terminatesgrooming bout, without getting a responsefrom his partner
(Aterm). 23 cases (28%).

* The partner terminatesthe grooming bout, without returning the grooming he
received Bterm). 4 cases (4.9%).

* Thepartnerreturnsthe grooming,while the initiator stopsgrooming(BgroomA. 12
cases (14.6%).

Responseslid not appearto be relatedto the statusdifferencebetweenindividuals
(Kruskal-Wallisoneway anova:H = 5.6, df = 3, p = 0.13), or the statusof the selecting
individual (H = 1.52,df = 3, p = 0.68). Therewasa trendfor higherstatusindividualsto
terminate grooming bouts without reciprocating grooming, and for lower status
individualsto respondby reciprocatingthe grooming(H = 7.21,df = 3, p = 0.065).The
natureof the responseavas not relatedto the durationfor which the initiating individual
groomed(H = 2.26,df = 3, p = 0.52),0r to the delaybetweerapproacrandgrooming(H
=3.95,df=3,p=0.27).

The durationof groomingbeforethe groomedindividual respondedvas only weakly
relatedto theinitiator’s status(rg = -0.22,n = 63, p = 0.081)suggestinghata respons®f
somekind tendedto be more rapid whenthe groomerwas of higher, ratherthanlower,
status Latencyof responsavasnot significantly correlatedwith the statusof the selected
partner(rg=-0.004,n = 63, p = 0.98), the differencein statusbetweertheindividuals(rg
=-0.12,n = 63, p = 0.35), dyadicassociatiorstrength(rg = -0.04,n = 63, p = 0.73) or
(weighted) dyadic proximity strength,& -0.04, n = 59p = 0.76).

DISCUSSION

Although work in captive chimpanzeesuggeststhat they are capableof intentional
decision-making Boysen,1994; Rumbaughet al., 1994; Povinelli, 1994), this capacity
has beenlittle investigatedin wild chimpanzeesStanfordet al. (1994) examinedthe
decisionto huntin free-living chimpanzeesThey found that while the numberof adult
malespresentandthe size of the party wereboth positively correlatedwith a decisionto
hunt, for all but the smallestpartiesit was the number of ‘oestrus’ femaleswhich
significantly predictedthe occurrenceof a hunt. While that investigationwas aimed at
identifying the evolutionaryfunction of hunting, and not at providing evidencefor the
mechanismof decision-making,its identification of social factors as the primary
determinantsof hunting decisions suggeststhat male chimpanzeesmake complex
assessmentsf their current social environment.The results presentedhere strongly
support the hypothesis that chimpanzees consider social factors before making decisions.
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Individual chimpanzeegenerallyhave considerabldreedomto associatewnith other
individuals, but are lessable to alter the associatiorpatternsof otherindividuals. It is
difficult for male chimpanzeeso excludeindividualsfrom a party without resortingto
overt aggressionwhich is often insufficient to force an individual to depart(personal
observation).An individual leaving a party himself suffers obvious social costs. The
distancebetweenndividualsis potentiallyfar easierfor thoseindividualsto modify, and
so should be more sensitive to individual preference.

Male Sonsochimpanzeesemonstratelearpreferencesvith regardto the identitiesof
those with whom they associatewithin parties, their proximity partners.Association
preferencesndstatusappeatto interactto producethe spatialstructureof parties;within
a party, malespositionthemselvesloseto thoseindividuals with whom they preferto
associate clustering away from lower statusindividuals and towards higher status
animals.Proximity maythereforereflectsocialtactics,ascloseassociatearelikely to be
potentialallies, or importantcompetitors,and higher statusmalesmore useful as either
allies, or as maintainers of social harmony (Harcourt, 1989; deWaal, 1982).

It is unlikely that any single configuration of individuals would be the optimal
arrangementor eachindividual, and asa result,an ongoingprocessof assessmerand
shifting of relative distancess likely to ensue Any decisionto alter spatialpositionis
likely, therefore,to dependon an assessmenaf the social environment;the nature of
associatiorrelationshipsandrelativestatusIn addition,animalsarelikely to movefrom
one feeding site to another,increasingthe complexity of any assessmentof relative
position. Juvenilemalesoften form an attachmento a particularadult male (Goodall,
1986;Puseyl1990; personabbservation)andmoveto maintainafairly constandistance
to the relevantmale, compensatingor his movements(personalobservation).When
feeding, individuals sometimesmove frequently from one feeding site to another,
apparentlywithout exhaustinghe availablefood at eachsite. At othertimesindividuals
movevery little betweerapparentlyequivalentfeedingsites(personabbservation)Such
movemenimay be morerelatedto socialconsiderationsf inter-individualdistanceghan
to foraging strategies.

Proximity may be usedtactically; by beingcloseto a particularindividual, othersare
potentiallydeterredrom cominginto closeproximity. Closeproximity may enhancehe
probability of interactingwith the nearbyindividuals,or disruptingtheir interactionswith
others.Middle and high statusmales,in particular, show an apparenttactical use of
proximity. They tend not to havestrongassociatiorrelationshipswith one another,nor
do they tendto be in close proximity more frequentlythan would be predictedon the
basisof their associationsWhennearesneighbourshowever,they are often close,and
asthe resultspresentedn Chapter4 suggestpften grooming.Thesemalesare closein
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statusand probablysimilar in competitiveability. They arelikely, therefore,to be both
the mostusefulallies, andthe mostlikely competitorslf, asis suggestedn Chapter4,
statusbenefitsaccrueto high statusmalesand not just to the alphamale, it becomes
importantto defendhigh status.Competingwith one anotherfor status,and defending
their statusfrom challengesfrom below, may result in thesemales having the most
political sociallives of all communitymembersTo defendtheir positions theyarelikely
to haveto form coalitionsagainstindividuals climbing the social hierarchyfrom below,
andto pushfor higherstatus,to form coalitionsagainstone another. During this study
two of thesemales,BK andMA, bothimprovedtheir socialstatusandtwo, MG andCH,
fell in status.

Although factors such as the current activity of potential grooming partnersmay
influencethe choiceof groomingpartnersthe choiceappeardo be relatedto the status
of the potential partners,relative differencesin associationrelationships,and relative
differencesin proximity relationshipsProximity preferenceand groomingaretherefore
closelylinked. Grooming,however,may not be usedas a socialtactic, but simply asa
meansof calming the grooming individual, possibly rewardingthe groomerthrough
endogenouspiates(Keverneetal., 1989;Hemelrijk, 1996).If this explanationvastrue,
the nearestvailable'stressrelieving mechanism’shouldbe selectedastherewould be
no reasonfor the selectionof preferredgrooming partners.That chimpanzeesio not
selectpartnerson the basisof distancealone,however,castsdoubton the validity of a
simplistic ‘stress relieving’ hypothesis.

A secondpossibility is that grooming is used as a meansof maintaining group
cohesion(Dunbar 1988a). Under this hypothesis,chimpanzeesvould be expectedto
chooseas grooming patternsthosewith whom they associateonly occasionally;when
associatingwvith an infrequentlyencounteredndividual, the opportunityto confirm the
relationshipthrough grooming should be taken. This, however,was not seen.These
chimpanzeemalesare neitherselectingat randomtheir groomingpartnersnor arethey
simply selectingthe nearesmalewhentheywish to groom.Theyarechoosingto groom
those individuals with whom they also chooseto associaterelatively more often,
supportingthe ideathat groomingmay be usedtactically, perhapsaspart of a ‘package’
of social tactics.

The mechanismof the choice of grooming partner may be cognitive. The only
significant predictor of the chosen grooming partner of those tested here is the
relationshipbetweenthe selectingindividual and eachpotentialpartner,as measuredy
relative associationstrengthsof the dyads, suggestingthat the selecting individual
comparesthe value of his relationship with each of the potential partners. Each
relationshipis an abstractconcept,andthis decisionapparentlyrequiresthe ‘magnitude’
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of two or more such concepts to be evaluated.

Alternatively, chimpanzeesnay simply selectthe individual with whom they last
associatedOn averagethey would tendto groom their mostcommonassociatesThis
would be more complex than it first appears,however. Chimpanzeeparties usually
consistof morethantwo individuals,andthe sameindividual may associateepeatedly.
Eachmalewould be requiredto remembeithe membersof the previousparty of which
he was a member.Furthermore partiesare not discreteentities. Their compositionis
highly fluid, andchangesn compositionareunpredictableAs aresult,therecordof ‘last
associates’ would need frequent updating.

It is alsodifficult to seehow the ‘last associate’mechanismof choice could work
without an historical record of association.If the available grooming partnersare
membersof group of individuals who remainin associationdespiteother changesn
composition the relative orderin which they cameinto associatiormustbe recalledto
determinewhich of the potential grooming partnerswas the ‘last associate’.Such a
mechanisnseemdessparsimoniougshanonein which eachrelationshipis maintainedas
an abstraction,the image of the relationship only being updated after particular
interactionsChimpanzeesare capableof simplenumeracy(Peruss& Rumbaugh1990;
Boysen& Berntson,1990),andsoit seemsa simpleextensiorfor anumberrepresenting
the relative value of each relationshipto be addedto the representationof that
relationship.Relationshipscould then be ordered,and selectionof grooming partner
based on the position of the dyad in the ‘list’.

Evidencehas beenpresentecelsewhere(Goodall, 1986; Koyama& Dunbar, 1996)
which suggestghimpanzeesrecapableof anticipatingfuture events andplanningtheir
behaviouraccordingly(seeWhiten & Byrne 1988c),anactivity which requirescognitive
representationf events. Such behaviouris also reported for macaques(Macaca
arctoides Mayagoitiaet al., 1993).In orderto respondadaptivelyto a highly dynamic
social systemit seemsunlikely that simple decisionrules would be adequateand that
insteada cognitive systemto procesghe informationwould be necessaryTheseresults
supportthe ideathat groomingand proximity may be usedas socialtactics,andfurther
supportthe idea that dyadic associationsare also tactical. If grooming partnersare
selectedoy cognitivechoice,thenit seemgeasonabléo regardthe choiceasintentional.
Similar processesmay be responsiblefor the choice of proximity and association
partners particularly given the dynamic natureof associationtendenciesand with the
potential dynamics in proximity relationships.



8.1
Chapter 8
THE MIND OF THE ALMOST MAN

“It is just like man’s vanity and impertinenceto call an animal dumb
because it is dumb to his dull perceptions”

M. Twain, What is Man?, 1906

The great ape clade is distinguishedfrom other primatesby large body size, male-
centeredsocial systemsand a high degreeof intelligence.Theseapes,and particularly
the chimpanzeeappearto havecognitive abilities qualitativelygreaterthanthoseshown
by otherprimates,showingevidenceof insight, self awarenessand an understandingf
the intentionsof others;a theory of mind (Kéhler, 1925; Premack& Woodruff, 1978;
Menzel et al., 1985; Povinelli et al., 1997).

I ntelligence and Social Complexity

Social complexity is a possibleselectivefactor in the evolution of advancedcognitive
abilities, andis thoughtto be responsibldor the differencesin mentalability between
primatesand othermammalsHumphrey,1976; Whiten & Byrne, 1988a;Byrne 1995b).
Ecological complexity seemsunlikely as an explanationfor the evolution of primate
minds; primatesdo not necessarilyface more demandingenvironmentalproblemsthan
othermammals(Byrne, 1995b),and primateneocortexsize,assumedo be anindex of

cognitive capacity and measuredas the ratio of neocortexvolume to brain volume,

appearsto be unrelatedto ecological variables (Dunbar, 1992). Neocortex size is,

however,relatedto group size, althoughnot linearly, suggestinghat it is not absolute
group size, the numberof relationshipsan individual has, which demandsadvanced
cognitive skills, but either the quality of an individual's different relationshipsor the

number of third party relationships an individual has to track (Durid},

The sociallives of many primatesare dominatedby the needto form coalitionsand
alliancesin orderto competeeffectively. Individuals differ in their value as allies, and
for alliance formation to be an effective competitive strategy, it is important that
individuals selectthe mostvaluableallies. This is thoughtto be why they needto track
relationshipsand their interactionswith others(Harcourt,1989). Alliances increasean
animal’s competitive ability, and so temporarily increasean individual's effective
dominancerank. When high social statusbringsreproductivebenefits(seeSilk, 1987),
individuals are likely to competefor alliance partners,in order to achievehigh social
rank.
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The idea that the monitoring and manipulationof social relationshipshas beenthe
driving forcein the evolutionof primatesintelligencehasbeencalledthe Machiavellian
Intelligence hypothesis(Whiten & Byrne, 1988a,c). Numerousexamplesof tactical
deceptionin Old World primates(Whiten & Byrne, 1988c; Byrne & Whiten, 1991)
suggesthat Machiavellianintelligenceis an adaptationcommonto all catarrhinesand
the term seemsan aptdescription;socialmanipulationis commonplacewith individuals
usingothermembersf the socialgroupas“tools”, andredirectingaggressioragainsthe
kin of previous opponents (Cheney & Seyfarth, 1990).

If a‘Machiavellianmind’ is anadaptatiorcharacteristiof catarrhinesit canbe seen
as forming part of the phylogeneticinheritanceof the greatapes.Apes, it seems,do
possesgnental abilities greaterthan monkeys(see Whiten, 1996). In particular, they
appearto showthe capacityfor greaterinsight. While the ‘Machiavellian Intelligence’
(Whiten & Byrne, 1988a,chypothesiscanaccountfor the differenceshetweenprimates
andnonprimatesjt doesnot seemsufficientto explainthe greatercognitiveskills of the
greatapes, whon thewild atleast,do not appearo engagean socialmanipulationmore
elaborate than that shown by monkeys (Byrne, 1995b).

In this thesisl haveendeavouretb examinethe complexityof chimpanzeeociety,in
particularfocusingon the relationshipdbetweernthe adultmaleswho form the coreof the
social system. My aim hasbeento investigatethe paradoxof the apparentabsencen
wild chimpanzee®sf the complexcognitive abilities shownin captivity: arethe lives of
male chimpanzeesmore complex than has been heretoforerealised, such that the

cognitive ability they show in captivity is an adaptationto deal with that very
complexity?

In both spaceandtime, chimpanzeesocietyis especiallyfluid. Overtime, individuals
fluctuatein their social status,changetheir associatiorpatterns,and alter their alliance
partnersAs they movethroughthe socialhierarchy, individualschangen their valueto
othersasfriendsandallies. Furthermoretheir own aims,goals,and perceptionf those
aroundthem may also change.Alliance changesalter the rangeof potentialallies for
eachof the othermales.At any momentin time, anindividual chimpanzeanay be alone
or surroundedby a numberof others;spatially, chimpanzee$ave no single coherent
grouping. The identities of these others, the precise composition of the temporary
grouping,will alsovary from oneoccasiornto another.Theresultis anintricateandever
changing social environment.

Like otherprimates,chimpanzeesre seeminglycapableof noticing andjudging fine
social distinctions (Byrne, 1995b), and engagein shifting patternsof coalition and
allianceformation, assessinghe value of potential partnersand selectingappropriately
(Harcourt, 1989). Male chimpanzeeshow statusstriving behaviour(Goodall, 1986),
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forming alliancesto improve their own social status. However,amongchimpanzees,
unlike otherprimates the patternsof allianceformationare complicatedby the extreme
fluidity of the socialsystemAll primatesarelikely to face occasionabndunpredictable
group splintering,but none, otherthan perhapsatelinemonkeys,havegroup fluidity as
an integral part of their social system.Baboon(Papio spp.)groups,andthoseof many
monkeyspeciescommonlysplinterinto semi-autonomousub-groupgDunbar,1988a)
whilst foragingfor food, but communications maintainedoetweensub-groupsuchthat
the entire group traveln massén a coordinated fashion around its home range.

Evidenceof complexcognitive skills in chimpanzeesomesprimarily from captive
subjects(see Chapter7), and other than in the making of tools (McGrew, 1992),
demonstrationsf suchskills seemrarein the naturalhabitat. This hasraisedsomething
of a paradox;chimpanzeesavecognitive abilitiesin captivity which, presumablyhave
evolvedthroughnatural selection,and yet they appeamot to usethemin their natural
habitat. Such a view, however, overlooks the demandsof the fluctuating social
environmentthe apparentlymundanebehaviourof moving from onetemporaryparty to
another.The observedbehaviourof male chimpanzeesupportsthe ideathat they make
intentional decisions concerningtheir associationpartners,and that such decisions
require the use of the cognitive abilities demonstrated in captivity.

Eachchimpanzeas presentedvith a changingsocialenvironmentwith the identities
of its currentassociate a stateof constanflux. To remainin contactwith allies, or to
form new alliances, each male chimpanzeemust decide which mix of association
partnersbestmatchedis goals;if adesiredally is in the sameparty, but an existingally
and a competitorare in another,should the individual changeparties?The decision
whetherto remainwith currentassociatesr to leavecanpotentiallybe madeeverytime
the availableinformation changes;every time one or more individuals leave or join,
every time a vocalisation from an individual in another party is heard.

Combiningthe problemsof allianceformationwith the demand®f afluid societymay
posean additionaldemandon the cognitive capacitieof the animalssufficientto require
the developmenbf the ability to consciouslyaccesknowledge The meritsof remaining
with currentsocialcompaniondaveto be balancedwith thoseto be gainedby changing
companions,with the further complicationthat competitive or affiliative interactions
between individuals in other parties may lead to changesin status or alliances,
particularly given male chimpanzees’penchantfor “allegiance fickleness” (Nishida,
1983). To be able to represenfossiblecombinationsof associategognitively, and to
comparethis to the available information on current associateswould clearly be
advantageous.

Information on the compositionof other partiescomesthroughthe occasionalpant-
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hootchorusesgchimpanzeearethoughtto be ableto identify individualsfrom their pant-
hoot vocalisationsalone (Bauer & Philip, 1983; Goodall, 1986). To do this, and to
identify individuals as membersof one community or another, requiresa mental
representatiof the vocalisinganimal. To haveaccesgo this representatiomllows any
responsdo be conditional on currentassociatesand the cognitive implementationof
strategic behaviour. The added complexity of alliance formation in a fission-fusion
society requires, this thesis contends, intentional decision-making by individual
chimpanzees, evidenced by a complex layering of social tactics and strategies.

Male chimpanzeepursuestrategiesaimed at improving social status,which should
ultimately relateto reproductivesuccessstrategiesvhich revolve aroundthe formation
of alliances.The interactionswhich lead to theserelationshipsoccurin the thesmall
partiesin which chimpanzeespendtheir lives, andin orderto interactwith particular
individuals, male chimpanzeesppearto selecttheir social partnersin an attemptto
achievethe optimum social environmentfor allianceformation and social competition.
The decisionsmadein pursuit of theseoptimal environmentscan thus be regardedas
tactical decisions.

The complexity of the social environmentand the frequentneedfor re-evaluationof
associationdecisions strongly suggeststhat these decisionsare both cognitive and
intentional, and that alternate proximate explanations for decision-making in
chimpanzeesarelessparsimoniousThis complexityhas,it is suggestedselectedor self
awarenesanda theoryof mind; it is in the socialproblemsfacedby chimpanzeesn a
day to day basis that their cognitive skills are required.

Experimentalstudiessuggesthat chimpanzeesre capableof self-awarenesgndthe
testing of albeit limited numbersof chimpanzeesuggestthey have mental abilities
similar to thoseof a two or threeyearold human(Povinelli, 1994,1997). Premackand
Woodruff (1978) showedan adult chimpanzeecapableof recognisingthe intentionsof
humansThe behaviourof chimpanzeesuggestshattheyareconsciousin the sensdhat
they“know whattheyknow” (Cheney& Seyfarth,1990).If thisis truethen theyhavean
ability to createaninneranalogueof theworld, which canbe usedto assessheimpactof
newinformation,reviewingpastscenario@ndcomparingthemto the currentsituation.It
is not necessaryhat words be usedto constructthis inner analogugCrook, 1980). This
inner analoguewould enableindividuals to mentally rehearsethe results of possible
association decisions, weighing the advantagesand disadvantagesof changing
companions.

Although it is commonto comparethe mental abilities of chimpanzeesvith small
children (for example, Whiten & Byrne, 1991; Povinelli, 1994) it is important to
remembethatchimpanzeesareunlikely to havethe samementalityasjuvenile humans;
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chimpanzeentellect may have evolvedin a different direction from that of humans
(Povinelli, 1994). The chimpanzeeview of the world would be expectedto differ

enormouslyfrom that of a human,evenatwo yearold. Chimpanzeeseemto sharewith

small children a very egocentricview of the world, but are far more concernedwith

powerandsex.While it seemshimpanzeesarecapableof creatinginternalanalogue®f

the world, it is likely that theseplace the individual at the centre,and that while the
ability existsto understandheintentionsof others(Premack;1988;Povinellietal., 1990;
Povinelli et al., 1992) this understandings likely to be weighted strongly by the
individual’'s own desires.

If the demandsof social politics in a fission-fusionsociety are responsiblefor the
evolution of chimpanzeecognition, then the possibility exists that such demandsare
responsibldgor the evolution of intelligencein all greatapes.Problemsremainwith the
idea that the differencesbetweenapesand monkeysin their cognitive skills can be
explainedin this mannerhowever,not the leastof which is the lack of any suchsocial
complexity in gorillas and orang-utarBongo pygmaegs

Studiesof captiveor feral orang-utansand gorillas (seeRussonet al., 1995) suggest
that their intelligenceis similar to that of chimpanzeesalthoughthe evidenceis not as
strong (Byrne, 1995a).n particular, they appearto make even less use of complex
cognitive abilities in the naturalhabitatthando chimpanzeedt may be that, ratherthan
the demandof complexsocietyselectingfor highintelligence the cognitiveskills of the
chimpanzedandby implication the bonobo)permit sucha complexsocial system with
cognitive abilities, particularly self-awarenessgvolving perhapsto deal with the
problemsfaced by a large bodied animal in a relatively fragile arborealenvironment
(Povinelli & Cant, 1995)

Povinelli (1993) has suggestedthat gorillas were subject to selection for rapid
maturationandlargebodysize,incidentallyresultingin a secondaryeversalof cognitive
skills. In comparisonto chimpanzeesgorillas do reacha largerbody size at a younger
ageof sexualmaturity thanchimpanzeesandasa resulthavea smallerbrainrelativeto
bodysize(Parker,1990).Howeverbrainsizeremainsabsolutelylarge.Many gorillasfalil
the ‘mirror-recognition’ test (Gallup 1970), althoughthe language-trainedorilla Koko
doesshow evidenceof self-awarenesg¢Patterson& Cohn, 1994). Gorillas also show
evidenceof intention,and of understandinghat othershave minds (Gomez,1991). In
the wild, gorillas show complex food processingskills, arguedto require complex
cognition (Byrne & Byrne, 1993).

Furthermore,understandingf great ape social systemsis far from complete.The
natureof the orang-utarsocial systemis still far from clear,and may be more complex
thantheir apparentlysolitary naturesuggestg{Dunbar,1992; van Schaik& van Hooff,
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1996).0Orang-utansnayin factlive in acommunitysystemcontainingoneor moreadult
maleswith foragingconstraintdorcing individualsto remainapartmostof thetime (van
Schaik& van Hooff, ibid). Evidenceseemso suggesthat each‘population’ of orang-
utansconsistsof a stable core of 6-15 individuals residentin a given area(Dunbar,
1992).Orang-utansarelikely to havesimilar neocortexsizein proportionto total brain
sizeaschimpanzeessupportingthe ideathat either orang-utansvere more socialin the
recentevolutionarypastthan theycurrentlyappearto be, or thatthey arecurrentlymore
social than hasbeenrealised(Dunbar,ibid). Much of whatis known aboutthe gorilla
socialsystemcomesfrom studiesof mountaingorillas, which areadaptedo an extreme
environmentand unlikely to be representativeof gorillas in general.Recentresearch
(Goldsmith, 1996) suggestghat social groupsof lowland gorillas (Gorilla g. gorilla)
may containa numberof malesand females,which separatdo forageduring the day,
with each sub-group containing a single adult male and a few females.

It hasbeenproposedhat the social systemof the ancestorf African apes,if not all
greatapes,resemblednost closely that of modernday gorillas (Foley, 1989; Isbell &
Young,1996).However,early hominids(Australopithecusfarensi arethoughtto have
beensimilar in body size and diet to modernchimpanzee¢Andrews& Martin, 1991),
and to have lived in social groups containing multiple males and females(Isbell &
Young,1996).1t seemdikely thatthe socialsystemsof early hominidswereconstrained
by that of the commonancestorwith extantapes,and only a limited rangeof social
states,definedby the associatiorpatternswithin and betweensexes,seempossiblefor
hominoids(Foley & Lee, 1989).Possibleroutesby which one social ‘state’ canevolve
into anotherareconstrainedsomechangesremoreecologicallyviable thanothers,with
certain routes being ‘blocked’ by immediate fithess drops (Foley &ibih,

The implication is that the commonancestorof gorillas, chimpanzeesand humans
was more like a chimpanzedhan other extantapes,physically, perhapsmentally, and
with some form of ‘male-bonded’social system (Foley, 1987, 1989). The possible
similaritiesbetweerthe socialsystemsf extantgreatapessuggesturtherthatthis social
system was a more flexible, fission-fusion, system than is seen in present day gorillas.

If bothlowland gorillas andorang-utanglo live in suchfluid socialsystemsandthis
was also characteristicof early hominids, it becomesmuch easierto seeall greatape
social systemsas variationson a theme. Machiavellianintelligence can be seenas a
fundamentatharacteristiof catarrhinegprimates presenin bothold world monkeysand
apes.Male-bondedfission-fusion social systemsmay have evolved only in the apes,
perhapsas recently as the common ancestorof African apesand orang-utans.The
additionalintricacy this imposedon the machiavelliarsocialpolitics alreadypresenimay
thenhave beera major selectiveforce for the evolutionof the cognitiveabilities seenin
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extant great apes.

If fission-fusionis characteristicof the ‘original’ greatape social systemthen the
addeddimensionit givesto allianceformation may be responsibldor the evolution of
greatapementalcapabilities.At first sightthis reasoningwvould predictsimilar abilities
in spider monkeys. These monkeys seemvery similar in their social behaviourto
chimpanzee$Symington,1990;Chapmaret al., 1995),with strongaffiliative bondsand
agonisticdominancebetweenmales, and a fission-fusion social system.While these
monkeysform coalitions,whatis lessclearis the extentof political behaviour Grooming
rates,a key componentto male chimpanzeesocial strategiesare very much lower in
spidermonkeysthanin chimpanzeessuggestinghat intricate social strategiesnay not
be present.

Other ateline monkeys,such as the woolly spider monkey or muriqui (Brachyteles
arachnoide} havevery egalitariansocieties(Strier, 1990, 1994), suggestinghis may
have beeran ancestralstate for spider monkeys,whereasthe widespreadnature of
hierarchicalsocietiesn Old World primatessuggestshat hierarchicalstructuresmay be
an adaptationof catarrhineprimatesalone,not sharedwith the platyrrhinesof the New
World. The suggestionis that Machiavellian-typesocial strategies,and the cognitive
structuresnecessaryfor their implementation,were presentin the social system of
ancestralape species. If the commonancestorof greatapeswere forced, by virtue of
largebody sizein anincreasinglypatchyenvironmentto shift to a fission-fusionsocial
system,the increasingfluidity of the social systemmay then have led to increasing
complexity in statuscompetitionand alliance formation. The needto maintainalliance
structuresmay have selectedfor increasedintelligence. Social dominancein spider
monkeysmay have evolvedwithout a Machiavellianheritage,with the resultthat the
cognitive demandsof their fission-fusionsociety may not be as greatasthosein great
ape societies.

Alternatively, complex cognition may emergesimply as the result of an absolutely
large brain size (Byrne, 1993). The large neocortex ratios of chimpanzees(and
presumablyorang-utanssupportthe ideathat social complexity hasbeenimportantin
the evolutionof intelligence,but the neocortexratios of gorillas areno largerthanthose
of PapiobaboongDunbar,1992;Byrne, 1995a).The key differencebetweergorilla and
baboonbrainsis one of absolutesize. However,brain tissueis energeticallyexpensive
(Parker,1990) and a functional explanationof why sucha large brain evolvedis still
required.Povinelli& Cant(1995)have suggestethatthe senseof self mayhaveevolved
for anotherpurpose, suchas navigating through an unstableenvironment,and been
subsequentlysequesteredo aid in prediction and understandingof othersbehaviour,
leading to an escalating of the complexity of social relationships.
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A Strategic Social System

The fission-fusion characteristicof chimpanzeesociety is seenhere as the result of
individual social strategiesconstrainedy the interactionbetweenargebody sizeanda
frugivorousdiet. The conventionalexplanationof the evolution of chimpanzeesociety,
Wrangham’s(1975, 1979) model, is that femaleswere forced, by virtue of large body
sizeanddispersedood sourcesto foragealone,andthatmales,unableto defendaccess
to a single femalebecauseof the size of her homerange,hadto cooperateo defenda
numberof femalesagainstothergroupsof males.Maleswereforcedto travelin parties,
aslone maleswerevulnerableto attackby othermales Jeadingby escalatiorto mutually
hostile male communities (Wrangham, 1987; Dunbar, 1988a).

Te Boekhorst& Hogeweg(1994)haveclaimedthatthis modelis inadequateasit fails
to distinguishfunctionsof male party and male community,assumesvolution from a
solitary stage which for phylogenetic reasons seems unlikely, and provides no
explanationfor the formation of male associationsdefenceagainstaggressionfrom
larger groups begs the questionof what was responsiblefor the formation of these
groups.As areplacementie BoekhorstandHogeweg(ibid) proposethatthe evolutionof
chimpanzeesociety can be explainedby ‘self-structured’ model, in which the social
systememergesas a the result of simple mate-findingand feedingrules. However,as
explained below, this model is itself inadequate.

In Chapter5 analternatemodel,dealingwith the behaviourof malechimpanzeesyas
introduced. This model addresseghe criticisms of Wrangham’smodel raised by te
Boekhorst and Hogeweg, and furthermore accountsfor details of the interactions
betweemmales.This model,of tacticalassociationseparateghe functionsof community
and male parties and provides an explanationfor the evolution of male association.
Furthermorethe model doesnot requirethe postulationof a solitary stageprior to the
evolution of a fission-fusion social system.

Males are seenas associatingin order to form relationshipswith which they out
competeothermales,and male partiesarethe environmentof within-groupcompetition;
it is in thesepartiesthat malescontestand establishthe allianceswhich later servein
competitionfor status,and, ultimately, females.Possiblefitnessbenefitsof high social
statuswerediscussedn Chapter4, whereit wassuggestedhatwhile alphastatusbrings
the greatesshort-termbenefits,at leastin termsof accesdo females,jt maybethatover
a life-time, holding high status may bring similar benefits.

While usefulas a heuristicdevice,postulatinga solitary stageis unnecessaryor the
model. Familiarity betweenmales of the samesocial group would in fact make the
formation of associationsnore likely than would be expectedfor solitary males.The
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model simply postulateshat the ‘original’ grouping patternbecamemore fragmented
with sub-groupsandlone individuals becomingmore common.This fragmentationcan
be seenasanextensiorof the tendencyshownby manyprimatesgroupswhilst foraging,
perhapsmademore extremeas the habitatbecomeincreasinglypatchyas a result of a
drying environment.Such drying, and the resulting fragmentationof forest habitats,
occurred in Africa throughout most of the Miocene (Potts et al., 1992).

Parties therefore,are concernedvith formationof alliances.The compositionof the
partyis moreimportantthanits size,andis seenastheresultof associatiorchoicesmade
by individuals. Most adult males are similarly social, but divide their social time
differently. Two separat@associatiorstrategiehave beemnlistinguishedyith somemales
associatingprimarily with only a few individuals, and othersassociatingnore evenly
with communitymales.Both of thesestrategieseemedisefulin achievingthe necessary
interactionsfor animprovementn social status.During this study,individuals pursuing
both social strategiesmprovedtheir social status.The importanceof allying with the
right individualswasalsoapparentthe allies of anindividual unsuccessfullghallenging
for high status seemed to suffer repercussions for their own social status.

The behaviourof male chimpanzeesf the Sonsocommunityappearedo supportthe
community concept as describedby Wrangham (1979, 1987).Males had similar
boundariego their homerangeswith smallerrangegendingto fall insidethe boundaries
of larger ranges.Partiesof males made patrols, or incursionsinto areasbeyondthe
identified communityboundariesduring which they stoppedoftento listen,anddid not
feed until turning for home. Males were found to spendthe majority of their time in
relativesmall coreareas)ocatedawayfrom the communityrangeboundarieslin this, the
malesdeviatefrom the expectation®f Wrangham’smodel,which assumeaevenranging
acrossthe sharedrange.Other than a brief mentionby Wranghamand Smuts(1980),
sucha coreareaphenomenomasnot beenreportedbefore.l hypothesisehatthesecore
areasmay function to enableprediction of the location of individual males,and are
locatedaway from the rangeedgesto minimise the risks of accidentallyencountering
males from other communities. The results of the ranging analysis representan
interesting modification to the generally accepted model of chimpanzee communities.

The‘self-structuring’modelpresentedy te BoekhorstandHogeweg(1994),while an
interestingexercisein computermodelling, mirrors only crude aspectsof chimpanzee
society,anddoesnot reflectthe behaviourof real chimpanzeesOne of the assumptions
of themodelis thatchimpanzeefeedfrom a singlefood sourceuntil satiatedwhereasn
reality chimpanzeesvill oftentravelfrom onefood sourceto anotherMore importantly,
this modelpredictsthat partiesincreasan sizeasmorefruiting treesbecomeavailable,a
predictionwhich is not supportedoy observationsn Budongowherethe reverses seen.
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While in Kibale larger partiesare associatedvith increasingfood abundanceit seems
thatthis maybetheresultof abundantood resourcedeinghighly clumped(Chapmar&
Wrangham,1996). Suchclumpingis not incorporatedn the te Boekhorstand Hogeweg
model (1994).

The ‘self-structuring’ modelalsoassumeshat male chimpanzeanove from onefood
sourceto anotherwith partiesforming simply asa byproductof this movementSuchan
assumptiorconcerningthe formation of partiesseemserroneousThat malesshouldbe
moresociablethanfemalesis an obviousoutcomeof the initial conditionsof the model,
but theresultingdistributionof party sizesdoesnot reflectthatseenin realchimpanzees.
Individual chimpanzeesleave as well as join feeding parties, sometimesto feed
elsewhereThe ‘self-structuring’ model only accountsfor this in termsof malesbeing
satiatedat different rates,which fails to explainthe observedswitchingof food sources,
andalsofails entirely to explainthe compositionof parties.The ‘self-structuring’model
proposedoy te Boekhorstand Hogeweg(1994) showsthat an apparentlyfission-fusion
social systemcan arise from simple ecologicalrules, free from the assumptionsof a
sociobiologicalmodel, but the resultis inadequateas an explanationof the reality of
chimpanzee society.

While this thesishasfocusedon cognitive demandsof male socialbehaviour female
chimpanzeeslsoshowcomplexcognition.While they may respondn differentwaysto
the fission-fusionsociety,it is well known that femaleshavethe capabilityto engagen
typically male allianceformation (deWaal,1982), and recentwork suggestghatin the
wild femaleshavedominanceelationshipswvhich appearto haveimportantreproductive
consequence@duseyet al., 1997).Femalegnay useassociationsvith their adult sonsto
improve status,and may make decisionsconcerningthe identities of potential mates
(Gagneuxet al., 1996). Furthermore and perhapsmostcritically, femalesmay needto
make complex decisions concerning associations when transferring between
communities (Hiraiwa-Hasegawa, personal communication).

Understandinghe extentof chimpanzeeognitive skills, andtheir usein the natural
lives of chimpanzeess unlikely to illuminate the origins of the thedeepanalytical
powerscommonto modernhumansput shouldclarify preciselywhatthe differencesare,
andwhatthe mindsof the earlyhominidswerelike. If chimpanzeesvererecogniseds
membersof the human genus,along with all hominid species,their similarities to
humans might be less surprising, less contentious, and more informative.

The complexity of the chimpanzeesocial system,whether responsiblefor, or the
productof, their cognitive skills, seemscertainly to requiresuchabilities; chimpanzees
could not live the way they do without the cognitiveabilities which, in captivity at least,
they demonstrably possess.
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Appendix 1
EXAMPLES OF DATA SHEETS

I nstantaneous Scan Sampling

All

Instantaneous scan samples Behaviour & Location

Date

Instantaneous scan samples

Background habitat data

Times

Date

Focal

GridSqr

Times

Magosi

Kikunku

Weather

Maani

Bwoya

GroupAct

Muga

Nkojo

Food1

Tinka

Duane

Food2

Vernon

Jambo

Dispersal

Black

Chris

Height

Zesta

Andy

Tree #1

Zefa

Gashom

Tree #2

Bwoba

Jake

Tree #3

Kutu

Kwera

Tree #4

Kalema

Kewaya

Tree #5

Kigere

Zana

Slope

Ruda

Ruhara

Visib Est

Zimba

Nambi

Meas. N

Salama

Banura

Meas. E

Mukwano

Vita

Notes: For eachindividual, presencen a party, andbehaviour(if visible) recordedIn additionthe
reproductivestateof females(Perianalswelling = 1; No swelling = 0), and the presenceof any

dependent infants was recorded.
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Focal Sampling
Focal: [Time: [Date:
I
T
I
‘ o |o
I
1
I
I
I
|
I
| oo
I
|
I
|
I
|
I
‘ o0
I
|
I
|
I
|
|
Focal: | Time: Date: Time:
Min, Sec Behaviour & Interactions - :
T
I
1
I
I
I
| ol |o
I
|
I
|
I
|
I
| @ |
I
|
I
|
I
|
I
‘ ol |o
I
|
I
|
L
|

Notes: Behaviourof focal andnearesnheighbourrecordedn a short-handorm with time recordto
minutesandsecond®on the left-handsheet Proximity relationshipsvererecordedon the right-hand
sheet.Focalindividual was placedin the centresquareand otherindividuals placedaccordingto

their horizontaldistance(circlesrepresent, 2,3,4,5and 10 metresfrom the focal) with differencein
vertical locationindicatedby + or - x metres.Distancesrecordedto nearestmetre. Movementsof
individuals noted by the meansof arrows, with the new location drawn to provide a continuous
record of proximity. Multiple proximity diagrams were used during a single sample when necessary.



Appendix 2
IDENTIFIED FLORA OF THE

BUDONGO FOREST RESERVE

Botanical Name
Acacia spp.

Acalypha spp.

Aidia micrantha
Alangium chinense
Albizia spp.

Albizia coriaria

Albizia ferruginea

Albizia glaberrima
Albizia gummifera
Albizia zygia

Alchornea laxiflora
Allophyllus dummeri
Alstonia boonei
Aningeria altissima
Annona(Lepsig senegalensis
Antiaris toxicaria
Antidesma laciniatum
Antidesma venosum
Aphania senegalensis
Apodytes dimidiata
Argomuellera macrophylla
Balanites wilsoniana
Balsamocitrus dawei
Baphia wollastonii
Belonophora hypoglauca
Belonophora glomerata

(Compiled by A. J. Plumptre)

Code
Acs
Acl
Aim
Alc
Alb
Ac
Af
Agl
Agu
Az
Al
Ald
Ab
Aal
Ans
Ant
Anl
Anv
Aps
Apd
Am
Bw
Bd
Bpw
Beh
Beg

Bequaertiodendron oblanceolatum  Beo

Bersama abyssinica
Blighia unijugata
Blighia welwitschii
Bombax spp.

Bosqueia phoberos
Bridelia brideliifolia
Bridelia micrantha
Broussonetia papyrifera

Bsa
Blu
Blw
Bob
Bp
Brb
Brm

Bpy

Botanical Name
Caloncoba schweinfurthii
Canarium schweinfurthii
Canthium spp.

Canthium vulgare

Cassia spectabilis

Celtis africana

Celtis durandii

Celtis mildbraedii

Celtis wightii

Celtis zenkeri
Chaetachme aristata
Chlorophora(Milicia) excelsa
Chrysophyllum albidum
Chrysophyllum gorungosanum
Chrysophyllum muerense
Chrysophyllum perpulchrum
Citropsis articulata
Cleistanthus polystachyus
Cleistopholis patens
Clausena anisata

Cola gigantea
Combretum spp.
Combretum binderanum
Combretum collinum
Combretum ghasalense
Cordia africana

Cordia millenii

Craibia brownii

Cratera adansonii
Crossonephelis africanus
Croton macrostachys
Croton megalocarpus
Croton sylvaticus
Cynometra alexandrii
Dasylepis eggelingii

A21

Code
Cls
Cns
Cth
Cav
Cs
Caf
Cdu
Cmi
Cwi
Cze
Cha
Chl
Cal
Cgo
Cmu
Cpr
Cit
Cpy
Cp/Clp
Cla
Cog
Cms
Cob
Cbc
Cgh
Coa
Com
Crb
Cta
Cra
Cmc
Cmg
Csy
Cya
Dae



Desplatsia chrysochlamys
Desplatsia dewevrei
Dichrostachys cinerea
Dictyandra arborescens
Diospyros abyssinica
Diospyros mespiliformis
Discoclaoxylon sp.
Dombeya burgessiae
Dombeya goetzenii
Dombeya mukole

Dovyalis macrocalyx
Drypetes sp.

Drypetes gerrardi

Drypetes ugandensis
Ehretia cymosa

Ekebergia capensis
Ekebergia senegalensis
Entandrophragama angolense
Entandrophragama cylindricum
Entandrophragama utile
Erythrina abyssinica
Erythrina excelsa
Erythrophleum suaveolens
Euadenia eminens
Euphorbia teke

Fagara angolensis

Fagara leprieurii

Fagara macrophylla
Fagara mildbraedii
Fagaropsis angolensis
Ficus spp.

Ficus asperifolia(urceolarig
Ficus barteri

Ficus exasperata

Ficus lingua

Ficus mucuso

Ficus natalensis

Ficus ottoniaefolia

Ficus polita

Ficus pseudomangifera
Ficus sansibaricdbrachylepi$
Ficus saussurean@aweilutea)
Ficus stipulifera

Ficus sur(capensis/ogeland
Ficus thonningii

Ficus trichopodacongensik
Ficus vallis-choudae

Dc
Dd
Dcc
Dar
Dia
Dim
Dcx
Dob
Dog
Dom
Dvm
Dsp
Dgr
Du
Ec
Ekc
Eks
Ena
Enc
Enu
Ea
Ee
Es
Eu
Et
Fan
Fle
Fma
Fmi
Faa
Fic
Fa
Fb
Fe
Fl
Fm
Fn
Fo
Fpo
Fps
Fsa
Fss
Fst
Fsu
Fth
Ftr
Fvl

Ficus variifolia
Funtumia africana
Funtumia elastica
Glyphaea brevis

Greenwayodendron suaveolens

Guarea cedrata
Harungana madagascariensis
Holoptelea grandis
Irvingia gabonensis
Khaya anthotheca

Khaya grandifoliola
Khaya senegalensis
Kigelia africana
Klainedoxa gabunensis
Lannea barteri

Lannea welwitschii
Lasiodiscus mildbreadii
Lacaniodiscus cupanioides
Lacaniodiscus fraxinifolius
Leptaulus daphnoides
Leptonychia mildbreadii
Lindackeria scweinfurthii
Linociera johnsonii
Linociera latipetala

Lovoa swynnertonii

Lovoa trichilioides
Lychnodiscus cerospermus
Macaranga barteri
Macaranga lancifolia
Macaranga schweinfurtii
Maerua duchesnei
Maesopsis eminii

Majidea fosteri

Mammea africana

Mango mangifera
Manilkara butugi
Manilkara dawei
Manilkara obovata
Markhamia platycalyx
Maytenus arguta
Mildbraediodendron excelsum
Milletia sp.

Mimulopsis sp.

Mimusops bagshawei
Mitragyna stipulosa
Monodora angolensis
Monodora myristica

A22

Fvr
Fua
Fue

Gr
Gs/Gys
Gc

Hm

Hg

Ka
Kg
Ks
Kia
Klg
Lb
Lw
Lm
Lc
Lf
Lpd
Lpm
Lis
Lj

LI
Ls
Lt
Lyc
Mbr
MI
Ms
Md
Me
Mf
Ma
Mmf
Mb
Mad
Mo
Mp
Mya
Mie
Mil
Mps
Mbg
Mst
Moa
Mom



Morus lactea

Musanga cecropioides
Myrianthus holstii
Neoboutonia macrocalyx
Newtonia buchananii
Ochna membranaceae
Ochna schweinfurthii
Olea africana

Olea hochstetteri

Olea welwitschii
Oncoba spinosa
Ouratea spp.
Oxyanthus speciosus
Pachystela brevipes
Pancovia turbinata
Parinari excelsa
Parkia filicoidea
Paropsia guineensis

Phyllanthus(Margaritaria) discoideus

Phyllanthus inflatus
Picralima nitida (“quinine™)
Piptadeniastrum africanum
Pittosporum viridiflorum
Poemna angolensis
Prunus africana
Pseudospondias microcarpa
Psidium guajava
Pterygota mildbreadii
Pycnanthus angolensis
Pyrecantha staudtii
Randia micrantha

Raphia farinifera

Rauvolfia vomitoria
Ricinodendron heudelotii
Rinorea ardisiaeflora
Rinorea ilicifolia

Ritchiea albersii
Rothmania urcelliformis
Sapium ellipticum
Schrebera arborea
Scolopia sp.

Solanum wightii
Spathodea campanulata
Staudtia kamerunensis
Sterculia dawei
Stereospermum kunthianum
Strombosia scheffleri

Mol
Mc
Myh
Nm
Nb
Om
Osh
Ola
Olh
Olw
Ons
Ous
Oxs
Pcb
Pat
Pe
Pf
Pg
Phd
Phi
Pn
Pa
Pv
Pa
Pra
Psm
Psg
Ptm
Pya
Pys
Rnm
Rf
Rv
Rh
Ri
Rii
Ra
Rtu
Se
Sa
Scs
Sol
Sc
Sk
Std
Stk
Ss

Strychnos mitis
Suregada procera
Symphonia globulifera
Syzygium guinense
Tabernaemontana holstii
Tapura fischeri

Teclea nobilis
Terminalia brownii
Terminalia glaucescens
Tetrapleura tetraptera
Tetrorchidium didymostemon
Treculia africana

Trema orientalis

Trichilia dregeana
Trichilia prieuriana
Trichilia rubescens
Trichocladus ellipticus
Turrea vogelioides/robusta
Uvaria welwitschii
Uvariopsis congensis
Uvariodendron magnificum
Vangueria apiculata
Vitex ferruginaetadansonii
Vitex doniana
Warburgia ugandensis
Zanha golungensis
Climbers

Alaphia sp.

Basella alba
Cyphostemma sp.
Grewia calymatosepala
Mikania cordata

Piper guineense

Uncaria africana

Urera camaroonensis
Uvaria angolensis

Herbs

Coffea spp.

Coffea canephora
Coffea robusta
Penisetum purpureum
Others

Epiphyte

Mushrooms

Moss

Unknown species

A23

Sm
Spr
Sg
Szg
Th
Taf
Tn
Th
Tg
Tt
Td
Tra
To
Trd
Trp
Trr
Tce
Tv
Uw
Uc
um
Va
Vf
Vvd

Zg

Alp
Ba
Cyp
Grc
Mic
Ppg
Una
Urc
Uva

Cos
Cca
Cor
Ppr

Epi

Msh
Mss
Unk



Appendix 3
TESTS OF OBSERVER ACCURACY

A3.1

Paced Distance, Estimates of Distance, and Visibility

Paced Distances

Quantification

Distanceswverepacedprimarily by my field assistanGeresomMuhumuza.This table presentghe
resultsof 40 testsof his accuracyat pacing25 metres(20 tests)and 50 metres(20 tests).Distance

were measured using a 50 metre tape.

Test #

Distances (metres)
Paced Measured Paced Measured

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

27
25
25
25Y2
26
25Y2
25
25
25
25
24Y>
25
26Y2
27Y2
25Y>2
27Y2
25Y2
25Y2
27
26

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

49
50%2
51Y%

48

49

49

49
50%2

49

49

53

53

54
53
52Y
51
51
51
52
53




A3.2

Estimated Distances

During datacollection, distanceswvere estimatedby both myself (Observerl: NNF) and my field
assistan{Observer2: GM). This table presentghe resultsof 20 trials, estimatingthe distancefrom
observerto a randomlychosenobject. A rangefinder was usedto measuredistancesThis had a
maximumrangeof 30 metres,and was accurateto + 1 metre. The rangefinderseemedo be less
sensitive to differences in distance over 25 metres.

Measured Distance (m) Estimated Distance (m)

Trial # (range finder) Observ. 1 Observ. 2
1 6 6 6
oYz 9 9
3 12 10 11
4 20 16 20
5 9 8 8
6 22 21 22
7 6Y2 7 8
8 11% 11 10
9 21 24 22
10 11 10 12
11 23 22 23
12 14 12 14
13 oY 9% 10
14 5 5% 6
15 12 12 12
16 16 16 18
17 15 17 15
18 25Y% 27 24
19 4 4 4

20 18 16 17




Visibility Quantification

A3.3

Visibility wasestimatedasthe maximumdistanceat a which a moving chimpanzeeould be seen,
standardisedo heightof 1 metre.The degreeof visibility wasquantifiedin fifty trials with the use
of an A3 white card;the fraction of the cardvisible at the estimatednaximumvisibility, andat this
distanceplus five metres,was recordedto the nearestquarter.Observerl (NNF) conductedall

visibility quantification.

Trial # Estimated Fraction visible @
Distance (m) Estimate Estimate+5 m
1 15 Ya ¥
2 10 Ya 0
3 15 Ya 0
4 15 Ya ¥
5 15 Ya 0
6 8 Ya 0
7 5 1 0
8 12 ¥ Ya
9 10 Ya 0
10 6 1 Ya
11 20 Ya Ya
12 18 1 Ya
13 25 Ya Y%
14 20 ¥ 0
15 5 Ya 0
16 7 1 Ya
17 15 Ya 0
18 17 1 %)
19 22 ¥ Ya
20 18 ¥ Ya
21 18 ¥ 0
22 10 Ya Y
23 25 ¥4 Ya
24 12 % 0
25 17 Ya 0
26 27 1 1
27 11 Ya Ya
28 20 1 0
29 13 Ya 0
30 7 Ya 0




Trial # Estimated Fraction visible @
Distance Estimate Estimate+5 m
31 15 Yo Ya
32 13 Ya Ya
33 10 1 Ya
34 15 Yo Ya
35 7 1 Ya
36 19 Ya 0
37 12 Yo Ya
38 8 Ya Ya
39 10 Ya 0
40 18 Ya 0
41 25 Ya Y
42 15 1 0
43 20 Ya 0
44 17 Ys 0
45 15 Ya 0
46 12 Ya 0
a7 15 Ya 0
48 17 Ya 0
49 15 1 0
50 16 Ya Ya

A3.4
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Appendix 4
DIET OF SONSO CHIMPANZEES

Main Food Species

Speciesaccountingfor 0.5% or more of feedingtime. Diet assessethy percentageof time spent
feedingon eachspeciesThe percentagef feedingtime spentconsuminghe fruit of eachspecieds
alsopresentedtogetherwith the percentagef ‘fruit-eating’ time for eachspeciesDatafrom all 15
minute scan samples, and includes observations of male-only, mixed sex, and female only parties.

Species All items Fruit only
% time feeding % time feedin@b time eating fruit

Ficus sur(capensiy 23.0 23.0 35.6
Broussonetia papyrifera 22.7 4.0 6.2
Ficus mucuso 9.8 9.8 151
Maesopsis eminii 9.4 9.2 14.3
Celtis durandii 8.4 7.2 11.3
Celtis mildbraedii 4.6 0.1 0.2
Khaya anthotheca 2.9 0.0 0.0
Croton macrostachys 2.8 1.0 1.6
Ficus exasperata 2.2 1.5 2.3
Cordia millenii 1.7 1.4 2.1
Desplatsia dewevrei 1.3 1.3 2.0
Alstonia boonei 1.0 0.0 0.0
Ficus sansibaricdbrachylepi$ 0.9 0.9 0.1
Cleistopholis patens 0.8 0.1 0.1
Raphia farinifera 0.6 0.0 0.0
Ficus natalensis 0.5 0.5 0.7
Ficus varifolia 0.5 0.0 0.0

Terrestrial Herbaceous Vegetation 3.2
Climbers 15




A42

Time Spent Feeding

Percentagef time spentfeeding,measuredy the numberof parties(seeChapters), in which each
individual was presentandfeeding.The five food specieson which eachindividual spentthe most
time feedingare alsoindicated,in decreasingrder.SeeAppendix2 for speciescodes.Individuals
are arranged in order of decreasing social status (Chapter 4).

#Parties %Time

Individual Present Feeding Feeding Primary Food Species
DN 2093 809 38.65 Bpy, Fsu, Me, Cdu, Fm
VN 740 1758 42.09 Bpy, Fsu, Fm, Cdu, Me
BK 1118 478 42.75 Bpy, Fsu, Fm, Cmc, Cmi
MG 1532 595 38.84 Bpy, Fsu, Cmi, Cdu, Cmc
MA 1730 708 40.92 Bpy, Fsu, Me, Cdu, Fm
CH 1104 449 40.67 Bpy, Fm, Fsu, Me, Com
IM 730 273 37.95 Bpy, Fsu, Fm, Ka, Com
BY 1377 466 33.92 Bpy, Fsu, Cdu, Ka, Cmi
KK 1429 582 40.73 Fsu, Bpy, Fm, Cmi, Cdu
NJ 997 432 43.33 Bpy, Fsu, Me, Fm, Cmi
MU 1219 588 48.24 Bpy, Fsu, Me, Fm, Cdu

TK 974 487 50.00 Bpy, Fm, Fsu, Me, Cdu
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Plant Food Items Consumed

Datafrom this study and ad libitum observation®f BudongoForestProjectfield assistantsA [
indicatesthatchimpanzeesvereobservedeedingon theitem, a ? thatthe speciesvasrecordedasa
food source, without the precise food item being noted.

Food Items
leaves fruit rotten exudate/
Species young mature unripe ripe seeds flowers bark wood sap pith

Albizia ferrungunea O

Alstonia boonei ?

Antiaris toxicaria O 0o

Brousonettian papyrifera O O O O
Carica papaya O

Caloncoba schweinfurthii O O

Celtis durandii O O O
Cetis mildraedii O O ad O

Celtis wightii
Celtis zenkeri O O

Chrysophyllum albidium O

Cleistanthus polystachyus O O O
Cola gigantea O O

Cordia millenii O O

Croton macrostachys O O

Croton megalocarpus g

Croton sylvaticus O

Cynometra alexandrii O O O O O
Depslatsia dewevrei
Entandrophragama sp. O

Erythrophleum suaveolens O
Ficus barteri

Ficus exasperata O O
Ficus mucuso

Ficus natalensis

Ficus polita

Ficus sansibarica

Ficus sur

Ficus thoningii

Ficus tricopoda

Ficus vallis-choudae O

Ficus variifolia O
Irvingi gabonensis O

Kaya anthotheca O O
Klainedoda gasbunensis O

Lannea welwitchii O O

O

O
O
O

I I I Ay |
OoOooOoo0oood

I B |
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Food Items

leaves fruit rotten exudate/
Species young mature unripe ripe seeds flowers bark wood sap pith
Lasiodiscus mildraedii ad
Macaranga schweinfurthii O O O
Maesopsis eminii O O O O
Mildraediodendron excelsum O O
Milicia excelsa ad O O
Monodora angolensis O
Monodora myristica a
Moros lactea O O O O
Myrianthus holstii O
Penistum purpureum ad O
Platycerium angolense O O
Pseudospondias microlarpa O
Raphia farinifera O U
Ricinodendron heudelotii O
Strychnos mitis O
Teclea noblis O
Trichilia sp. ad ad
Trichilia rubescens O
Urera cameroonensis O O O
Unidentified climber spp. O O O
Unidentified herbaceous spp. O O O O

Additional Food Items

Meat of blue monkeys, red-tailed monkeys, black & white colobus and infant
chimpanzees.

Honeycomb, termite clay, ari€ubitermegermites.
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Appendix 5

OBSERVED FREQUENCIES OF
INTERACTIONS

STATUSINTERACTIONS

Agonistic

Number of interactionsin which individuals in rows were agonisticto individuals in columns.
‘Others’ refersto all membersof the studycommunityotherthanthoseindicatedin thetable. These
individuals were primarily adult females and juvenile males.

MG KK MA BY MU NJ TK DN VN JM BK CH ZT AY ZF Others

MG
KK
MA
BY
MU
NJ
TK
DN
VN
JM
BK
CH
ZT
AY
ZF

Others

X 2
X
1 2

Pant-Grunts

2
1
2

2
1
2 1
X
X
1
1 1 1

1 1 20
2 1 7
1 1 4
2 3
1 4
4
9
1 3 34
1 1 15
X 1 1 5
X 1 19
2 1 16
X 2
X 5
X 3
1 3

Number of interactionsin which individuals in rows pant-gruntedto individuals in columns.
‘Others’ refers primarily to adult females and juvenile males.

MG KK MA BY MU NJ TK DN VN JM BK CH ZT AY ZF Others

MG
KK
MA
BY
MU

4
2
5
7
1 22

2
6
3
6
10 1 1



Pant-grunts (cont)

A5.2

MG KK MA BY MU NJ TK DN VN JM BK CH ZT AY ZF Others
NJ 1 X 6 6
TK 1 2 1 X 1 1 1
DN X
VN X
IM 1 2 2 X 1
BK 3 X
CH 1 1 2 2 1 X
T 1 1 5 2 1 X
AY 4 1 10 7 X 1
ZF 1 3 4 6 X
Others| 6 4 2 49 9 11 1

AFFILIATIVE INTERACTIONS

Affiliative (combined)

Number of interactionsin which individuals in rows showed affiliative behaviour (joining or
grooming) towards individuals in columns. Only adult and adolescent males are shown.

MG KK MA BY MU NJ TK DN VN JM BK CH ZT AY ZF
MG| x 3 10 22 1 1 17 4 4 5 5
KK 7 X 17 11 5 1 1 5 17 9 1 3 1 3
MA| 21 12 X 18 4 15 29 30 8 14 2 2
BY| 26 5 18 X 2 4 15 27 8 13 16 2
MUl 10 9 4 4 X 6 8
NJ 5 1 21 5 X 1 5 5 3 3
TK 1 2 1 4 2 1
DN | 12 1 21 13 1 X 29 4 5 2 1
VN 3 4 14 16 1 2 30 x 5 4 3
JM 9 6 8 6 4 6 8 X 6 2
BK 9 2 15 10 3 3 10 4 7 X 6 1 1
CH 5 1 3 11 4 4 2 2 7 X 1
ZT 1 1 1 X
AY 5 4 6 2 2 1 1 5 1 X
ZF 1 1 2 1 4 1 X




Grooming

A5.3

Number of interactionsin which individuals in rows showed grooming behaviour towards
individuals in columns. One interaction was recordedfor each grooming bout in which the
individual groomed.Groomingboutsweredefinedby breaksin groomingof morethanoneminute.
Only adult and adolescent males are shown.

MG KK MA BY MU NJ TK DN VN JM BK CH ZT AY ZF
MG X 2 10 18 1 1 15 3 4 5 5
KK 5 x 16 9 5 1 1 3 15 9 1 3 1 3
MA 21 10 x 17 4 14 25 28 8 14 2 2
BY 23 4 17 X 2 15 26 7 13 14 2
MU 8 8 4 4 X 5 8
NJ 1 18 3 X 1 3 5 3 3
TK 1 2 1 X 4 2 1
DN 12 1 17 12 X 26 4 5 2 1
VN 3 4 13 16 1 2 27 X 5 4 3
JM 7 6 8 5 4 1 5 6 X 5 1 1
BK 9 1 15 10 3 2 9 4 6 X 5 1
CH 5 1 2 11 3 3 2 1 5 1
ZT 1 1 1 X
AY 5 4 6 2 2 1 1 4 1 X
ZF 1 1 2 1 1 4 1 X

Frequency of Copulations

Numberof copulationswith malesin rows andfemalesin columns. UID refersto an unidentified
female. Row and column totals are given. Femalesnot presentin the table were not seento
copulate with adult males during systematic data collection.

ZAL RD RH zZM BN MM JUN MK KY SR UID Total

MG 11 9 3 1 24
KK 6 1 2 2 11
MA 8 2 1 2 1 14
BY 7 6 1 2 1 3 20
MU 1 1 2 4 2 2 12
NJ 1 1 2 3 7
TK 1 1 2 3 7
DN 4 9 6 4 5 7 2 2 40
VN 3 6 1 10
IM 2 1 2 1 1 1 4
BK 9 1 2 1 1 1 15
CH 4 2 4 2 1 13
ZT 2 4 3 9
AY
ZF

Totals 1 6 1 60 34 24 30 21 9 2




A54

ASSOCIATION INTERACTIONS

Frequency of Association

Frequenciesf pairwiseassociations;alculatedrom a datasetin which consecutiveecordsshowa
change in party composition.

MG KK MA BY MU NJ TK DN VN JM BK CH ZT AY ZF

MG

KK 385
MA 448
BY 427
MU 251
NJ 217
TK 200
DN 551
VN 415
M 213
BK 303
CH 232
ZT 162
AY 188
ZF 144

Proximity

Nearest Neighbours

465
407
224
238
165
524
485
234
263
256
180
181
130

477
356
312
229
671
616
223
340
291
204
283
192

225
206
169
540
452
203
289
279
137
173
131

215
180
368
351
118
173
194

141

345 255

330 168 733

11794 277 263

167 150 394 297 136
140 105 335 298 157 216

13595 122 216 169 88 159 130

259
139

154 109 249 2607 178 162

117

10182 209 181 73 96 125 85 108

Frequenciesit which eachpair of maleswere nearesneighbours. Individual in row is the nearest
neighbour of the individual in column. Data are from focal samples.

MG KK MA BY MU NJ TK DN VN M BK CH
MG X 2 6 11 3 6 7 4 4 1 5
KK 4 X 9 8 1 3 2 9 9 4 6 4
MA 5 8 X 10 4 3 2 18 14 1 5 2
BY 10 4 9 X 3 3 3 11 7 2 4 7
MU 5 7 3 3 X 5 3 4 3 1 2 3
NJ 1 4 5 4 4 X 2 8 2 3 4
TK 1 6 5 3 2 X 1 4 3 4
DN 5 6 9 7 4 5 4 X 21 2 8 5
VN 5 11 12 4 1 3 18 X 4 4 6
JM 1 4 6 4 2 1 1 5 5 X 3
BK 5 3 9 4 3 2 2 4 4 3 X 8
CH 7 3 4 5 2 5 1 3 9 1 5 X




Close Proximity

A5.5

Frequenciesat which each pair of maleswere in close proximity (nearestor secondnearest
neighbours). Individual in row is the neighbourof the individual in column. Dataare from focal

samples.
MG KK MA BY MU NJ TK DN VN IM BK CH

MG X 9 17 5 7 2 16 5 5 1 7
KK 9 X 17 6 3 4 13 15 5 9 6
MA 6 10 X 15 6 7 4 24 17 4 7 7
BY 12 8 15 X 3 3 4 20 13 3 6 12
MU 8 8 5 4 X 9 5 6 4 1 3 5
NJ 1 5 5 4 5 X 4 11 14 2 4 8
TK 5 1 6 5 4 4 X 3 2 4 4 6
DN 12 7 18 10 6 7 6 26 3 12 7
VN 5 14 20 10 6 3 0 28 X 8 7 10
JM 3 9 8 7 3 2 2 9 9 X 2 3
BK 7 5 11 6 3 3 3 10 9 4 X 7
CH 8 4 7 2 7 5 4 4 12 1 7

Nearest Neighbour Distances

Mediandistancedbetweemearesheighbours. Individual in row is the neighbourof the individual
in column. Data are from focal samples.

MG KK MA BY MU NJ TK DN VN JM BK CH
MG X 275 05 1 5 15 4 25 125 0.5 15
KK 2 X 1 2.25 4 5 7 5 2 15 475 6
MA 15 3 X 2 4.75 2 10 15 2 9 0.5 4.5
BY 3.5 35 225 X 1 3 5 2 05 075 35 2
MU 5 2 2 4 X 3 6 5.75 5 1 275 45
NJ 1 1 0.5 2 3.25 X 55 15 275 225 05 525
TK 10 4.5 5 5 7.25 X 5 45 355 5 4
DN 2 3.5 2.5 2 225 35 5 X 2 6.75 3 55
VN 1.75 3 2.25 2 5.5 2 2 X 3.5 15 4
JM 3 1.75 1 2.5 2.5 3 10 0.5 3 X 3
BK 1 3 2 2.25 4 425 125 25 325 05 X 3
CH 2 3 2 15 5.5 4.5 45 1 5 3 2.5 X




A5.6

GROOMING PARTNER SELECTION

Table of datarelatingto all observation®f a selectionof groomingpartnersindividual ‘A’ is the
selectingindividual, individual B the selectedgrooming partner.‘Behav.’ is a descriptionof the
initial phaseof the groominginteraction,with either A groomingB, or B groomingA. ‘LatGrm’ is
the ‘latency to groom’, the delay betweenthe initial approachof A andthe initiating of grooming.
‘Resp.’ is a descriptionof the secondphaseof the grooming interaction, either the responseof
individual B, or whereB doesnot respond the terminationof groomingby A. ‘LatResp.’is the
durationof initial grooming,beforea ‘response’occurs. Datafor ‘Resp.”’ & ‘LatResp.’wereonly
collectedfor some samples.C1-C6 are the identities of all possiblegrooming partnersin each
instance of selection, with D1-D6 the respective distances (in metres) from the selecting individual.

A B Behav. LatGrm Resp. LatResp. | C1 D1 C2 D2 C3D3 C4D4 C5D5 C6D6
KK BY AgrmB 00:05 Bterm 02:58 ch 0.5 by 25 wvn 4

KK BY AgrmB 00:51 ABgroom 03:07 by 2 mu 4 zt 4

BY JM AgrmB 01:53 kk 0.5 jm 2 zt 4

DN MU AgrmB 00:04 mu 3 jm 3 kk 45 by 5 ma 6 zt 6
BY NJ AgrmB 00:44 Aterm 06:51 nj 2 vn 3 ay 4

MU VN AgrmB 00:03 Aterm 05:17 dn 3 wvn 4 mg 4

KK MU AgrmB 00:08 09:27 mu 3 by 5 wvn75

AY BK AgrmB  00:10 bk 2 bb 2

KK  MA AgrmB 02:57 ma 1 zt 1

KK CH AgrmB 00:06 ABgroom 02:15 dn 3 <ch 3 bk 3 wvn 3

BY ZT AgrmB 00:23 ABgroom 02:15 ma 2 mgz25 1zt 5

MA MG BgrmA 00:09 ABgroom 00:21 mg 1 by 25 zt 3

DN VN AgrmB BgrmA  02:54 vh 05 jk 1

AY MA AgmB 00:11 Aterm 01:32 ma 2 mg 25

MA BY AgrmB 00:06 BgrmA  01:15 ch 3 by 5

DN MG AgrmB 00:11 Aterm 00:06 vn 1 mg 2 by 2

VN MG AgrmB 00:02 mg 3 dn 3 by 3

KK BY AgrmB 00:08 Aterm 02:44 by 10 ay 12

AY BK AgrmB 00:06 Aterm 00:44 bk 2 kk 3

BK TK BgrmA 00:05 BgrmA  00:00 tk 3 dn 10

BY CH AgrmB BgrmA  03:22 ch 05 mg 1 bk 4 dn 7

DN MA AgrmB Aterm 00:22 ma 0.5 by 05 mg 2

KK MG AgrmB 00:15 Aterm 00:26 by 05 ma 1 dn 1 mg 3

MG DN AgrmB Aterm 00:11 dn 05 kk 05 by05 jmO05

MG DN ABgroom 32:50

MU MG  AgrmB Aterm 02:48 mg 0.5 tk 1

DN VN AgrmB 00:08 Aterm 01:11 ma 3 vn 4 kk 9

KK DN  AgrmB BgrmA  02:17 dn 0.5 ay 05

DN MA AgrmB 00:08 ma 3 by 3 t 5 mg?7

JM MA AgrmB 01:51 BgrmA  05:22 ma 2 wvn 2 dn 5 bk 6 by 6 mu 7
BK BY AgrmB 00:04 BgrmA  02:32 dn 1 mu 2 m4 mad4 by 5 wvn 5
DN MA AgrmB Aterm 01:47 vnh 0.5 ma 1

CH MG AgrmB mg 0.5 wvn 05 gs05

BY CH BgrmA 02:06 ch 10 mg 10 wvn 10 gs 10

DN BY AgrmB ABgroom 04:03 by 0.5 ma 0.5

VN DN BgrmA 01:45 nfj 4 by 6 dn 8 mal4

MA JM  AgrmB 00:37 ABgroom 00:00 jm 3 ch 45 dn 5 wvn 6




A5.7

A B Behav. LatGrm Resp. LatResp. | C1 D1 C2 D2 C3D3 C4D4 C5D5 C6D6
ZF VN AgrmB vh 05 kk 5 dn 7

VN BY AgrmB by 0.5 ch 1 nNj 2 mu?2
VN BY AgrmB 07:01 BgrmA  01:49 by 05 ch 1 mu 2 nj 3
MA NJ BgrmA 01:55 ABgroom 00:15 nfj 7 dn 8

DN MG BgrmA 00:02 Bterm 08:55 mg 5 ma65 nj65

MA DN AgrmB 01:42 ABgroom dn 5 mu 10 zf 10

BY MG AgrmB 00:02 Aterm 04:20 mg 1 «ch 1

BY CH AgrmB Aterm 01:49 mg 0.5 ch 05

BY MG AgrmB ch 0.5 mg 0.5

BY VN AgrmB 00:02 Bterm 00:56 mg 1 ch 1 wvn5 dn 8
VN BY AgrmB 00:04 BgrmA  00:50 dn 2 by 3

MA DN AgrmB 00:04 ABgroom 02:46 dn 2 kk 35 nj 35 mu4
NJ MA AgrmB 00:59 ABgroom 07:09 ma 2 ay 10

BY MG AgrmB 00:40 ABgroom 00:00 vn 3 mg 7

DN VN AgrmB 00:02 by 3 vn 4 bk 4 ma45 mub
BY JM AgrmB 00:06 ABgroom 03:02 jm 2 wvn 8

BY MG AgrmB Aterm 05:22 mg 3 wvn 3 <ch 5

BY CH AgrmB 04:19 mg 0.5 vn 05 <ch 2

KK BY AgrmB 00:37 ABgroom 00:53 by 6 «ch 6

KK MA AgrmB ma 1 mg 1

DN MG AgrmB 00:03 ABgroom 00:00 mg 2 kk 5

BK VN AgrmB vnh 0.5 jm 0.5

JM VN AgrmB Aterm 01:58 vh 0.5 bk 0.5

MG BK AgrmB 00:28 Aterm 04:47 bk 5 ma 5 dn 10

MG MA AgrmB 00:11 Aterm 01:03 ma 1 bk 05 dn 5

BK VN AgrmB Aterm 00:29 vh 1 jm 1

NJ VN AgrmB 00:10 ABgroom 00:00 vn 3 ma 3.5

ZF BK AgrmB ABgroom 06:50 bk 0.5 ma 05

ZF MA AgrmB bk 0.5 ma 0.5

VN MA AgrmB Aterm 02:05 ma 0.5 dn 05

DN VN AgrmB ABgroom vn 0.5 ma 0.5

KK  MA AgrmB 00:05 BgrmA  01:41 jm 2 ma25

KK JM AgrmB 00:07 BgrmA  00:48 ma 0.5 jm 2

KK VN AgrmB 00:01 Aterm 03:43 vh 05 dn 05 ma0.5

MA BY BgrmA 01:18 ABgroom 02:05 dn 1 by 35 vn 4 mg45
BY MG AgrmB 00:11 ABgroom 01:40 mu 2 dn 3 wvn 4 mg 4
VN JM AgrmB 00:02 ABgroom 00:00 kk 0.5 jm 4

MA BK AgrmB 00:04 ABgroom 07:39 by 2 bk 3 wvn 10

MU MG AgrmB 04:30 Aterm 05:23 mg 10 ch 10

MG CH AgrmB 00:46 ABgroom 02:19 vh 10 ch 14 by 14

CH DN AgrmB 00:14 Bterm 03:19 dn 10 tk 10 jm 10

MA VN AgrmB 00:02 ABgroom 03:17 nfj 1 wvn 1

BY BK AgrmB ABgroom 00:00 bk 2 dn 25

KK DN AgrmB 00:02 Aterm 02:28 vh 35 dn 4

VN BY AgrmB 00:04 BgrmA  03:50 dn 0.5 kk 05 by 4




