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THESISABSTRACT

This thesis describes the first detailed quamiastudy of female Asian elephant social
organisation in India. Social organisation may WBeped by ecological factors and
individual relationships, and understanding thetre¢ roles of these factors in shaping
animal societies has long been a central objeativenammalian behavioural research
(Crook and Gartlan 1966, Clutton-Brock and Harv®y 7, Wrangham 1980). Individual
relationships may further depend on inclusive Bméenefits, direct fithess benefits, and
conflict from conspecifics. Using data collectecepvive years, between March 2009 and
July 2014, on identified females from Nagarahold Bandipur National Parks (the Kabini
population; see Vidyat al 2014) in southern India, | studied some aspetthe social
organisation of female Asian elephants and how thigint be affected by ecological factors
or individual relationships. Elephants offer a sipeystem for investigating the role of
ecological factors and individual relationshipstwehaviour as they are socially advanced,
inhabit diverse habitats, and possibly offer anaspmity for kin selection. Female Asian
elephants live in matrilineal societies and shossitin-fusion dynamics, which, in other
species allow community members to split away speisite together in groups of different
sizes in response to spatio-temporally varyingusses. However, being long-lived species,
elephants have to be studied over a long periothab their societies can be properly

understood.

The introductoryChapter 1 provides a general introduction to socioecologtbalory, the

Asian elephant, and the study population. As thés wthe first detailed study of female
Asian elephant social organisation in India, | bebg characterising the social structure of
female elephants in the Kabini population basedassociations between individually
identified females. This is described @hapter 2, titled Female Asian elephant social

structure in southern India and a comparison with other elephant populations. |

identified 330 females above the age of ten yeatsch were used for analysis. Upon
constructing association networks and using netwoethods, | found that female social
structure in the Kabini population was highly mauwith discrete communities that I call
clans. Associations amongst females were nonrandattm,individuals associating almost

exclusively with their clan-mates. Fission-fusiopndmics were found within clans and




group sizes were small compared to clan sizes. Apewison of social structure of the
Kabini population, suitably modified to account gampling differences, with those of the
Uda Walawe Asian elephant population (de Séval 2011, de Silva and Wittemyer 2012)
and Samburu African savannah elephant populatioitébvyer et al. 2005) showed the
African savannah elephant population to be moreneoted and cohesive than the Asian
elephant populations based on association streragttisnetwork statistics. The Samburu
population seemed to be a hierarchically nestedilenel society while the Asian elephants
did not appear to be nested. However, | was abtietect hierarchical clustering levels in
all three populations using a network communityedeébn method, and the average
community sizes at two levels of clustering were different across populations, pointing
to some basic underlying similarities in socialusture. Since average group sizes were
significantly larger in Samburu compared to Kaland Uda Walawe, | examined whether
the differences seen in association and netwotissta could be explained by group size.
Using random datasets, | found that the higherageesstrength of association, number of
associates, and smaller network distance to oggacates in Samburu compared to Kabini
could possibly be explained by group size diffeemncThus, differences in average group

size may mask basic underlying similarities insbeial structures of related species.

| then examined whether seasonality affects fermadgal structure in the Kabini population,
which is detailed irChapter 3, titled Seasonal variation in female Asian elephant social
structure in Nagarahole-Bandipur, southern India. Fission-fusion dynamics in other
species allow for group sizes and compositionshenge in response to resources. | found
in the Kabini population that clan identity was mtained across seasons, within-clan
network statistics did not change across seasomd, vathin-clan associations were
moderately correlated across seasons. Group sigesdal not change seasonally within
individual clans. However, there were populatioveleeffects of season, with larger group
sizes in the dry season and a greater numberarfgsassociations in the wet season. Since
population-level results arise as a combinatiomestilts from different clans, they may be
misleading, and previous studies at the populdBeat may need to be interpreted
cautiously. | also found that group sizes did nwiréase with clan size, suggesting a
constraint on group size. This resulted in lowesrggths of association in larger clans. The
constraint on group size possibly explains the latkseasonal effects. However, the

constraint in group size did not restrict clan-rsate remaining in fixed small groups.




Groups remained roughly similar in size, but weheidf with changing associates,

suggesting benefits of extended associations ati-mates.

| examined the role of genetic relatedness in fensaicial structure ilChapter 4, titled
Genetic relatedness and associations in female Asian elephants in Nagarahole-Bandipur,
southern India. | collected fresh dung samples from identifiedhétes, upon observed
defecation, and genotyped dung-extracted DNA ahudelear microsatellite loci. Females
belonging to first-level communities within clangem closely related, as first- and second-
order relatives. Females were also closely relédetheir top associate, and significantly
more related to the top and second associate cechfarthe average associate. These
results indicate that close associations were basegknetic relatedness between females,
thus presenting opportunities for indirect fitnbéemnefits. However, although females were
also significantly related at the clan-level ovkrahany clans had females with low
relatedness or relatedness of zero. Significanetairons between association strength and
genetic relatedness were found in less than halictAns examined. These results suggest
that genetic relatedness between females was aeanlly prerequisite for bonding amongst
them and that direct fithess benefits may alsarijgortant at the level of the clan.

| went on to examine dominance relationships witma between clans. This is described
in Chapter 5 titled Dominance relationships amongst female Asian elephants in
Nagarahole-Bandipur, southern India. Socioecological theory suggests that the quality
distribution of resources will affect food compitit (which may be of scramble or contest
type), which in turn will affect dominance relatgimps within societies (Wrangham 1980,
van Schaik 1989, Isbell 1991, Sterekal 1997). Since elephants are bulk foragers that
range widely and feed primarily on grasses, scranddmpetition might be expected,
leading to egalitarian relationships within, anggbly between, clans. However, age/size
based linear dominance hierarchies within clansbiesh observed in the African savannah
elephant (Archieet al. 2006, Wittemyer and Getz 2007) and it was posdiht the Asian
elephant might also show this pattern. | colleadleth on agonistic interactions usiag
libitum and focal sampling, and found that there was a fmquency of within-clan
agonistic interactions, but a high frequency ofwesen-clan agonistic interactions. Upon
analysing within-clan dominance in five focal clahfound no linear dominance hierarchy,
although there was unidirectionality of interac8and interactions almost always had clear

winners. Older individuals were often more domindmn younger individuals, but this
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effect of age was smaller than that in the Afric@vannah elephant populations studied.
Moreover, the matriarch (the oldest adult femalaywot the single most dominant female
in any clan, unlike that seen in the African sawnelephant. Between-clan interactions
were more intense than within-clan interactiongopined retaliation, and resulted in decided
winners (when one clan displaced the other fromfésding spot) only in half the

interactions. Group size had an effect on betwd@m-mteractions, with larger groups

tending to win, suggesting that this might be &dibenefit of associating with clan-mates.
The Kabini reservoir was artificially created ireth970s and offers a large point resource
for elephants in the dry season, during which nuistervations of dominance could be
made. | speculate that this change in resourceldifbn for elephants traditionally using

the area might have led to high levels of dominabetveen clans and suppression of
dominance within clans. Radiocollaring of femalesetxamine dominance levels across

their entire ranges would be required to testithite future.

Chapter 6 is a short conclusions chapter, summarising the meults. This thesis provides
new information on female Asian elephant socialaoigation by describing the female
social structure of the species and making compasigcross populations, examining the
effects of seasonality and genetic relatednessoocralsstructure, and presenting the first
information on dominance relationships in the speciThe results here suggest that
ecological factors, in the form of resource avaligh may play an important role in social
organisation by constraining group sizes and, theraffecting social structure. Individual
relationships, in the form of relationships witlos# relatives may be important, but direct
fitness benefits are also probably important at lthel of the clan, which is the most

inclusive social unit in this population.
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General Introduction







Chapter 1

I ntroduction

| describe the first detailed study of female Asédephant socioecology in India. This study
was carried out in Nagarahole and Bandipur Nati®aks and Tiger Reserves in southern
India. Using data from individually identified feihea, | describe social structure, genetic
relatedness, and dominance relationships in tHerdift chapters. In this chapter, | give an
introduction to socioecological theory, to Asiarmiants, the study area, and the broad

objectives of the study.

Socioecological theory

A society is a set of consistently associating pensgic animals. Social organisation
describes the size, demography, and spatio-tempohasion of the members of a society,
and social structure describes the patterningtefaetions and resulting social relationships
among the members (Kappeler and van Schaik 20@®)alSorganisation and structure
impact various aspects of an animal’'s life, suchaasess to resources (for example,
Gompper 1996), reproductive opportunities (ClutBroek 1989a, Silk 2007, Clutton-
Brock and Huchard 2013), predation risk (Ebenspezgal 2006), and exposure to disease
(Altizer et al 2003). Social structure can also affect poputatienetic structure (Storz
1999, Parreira and Chikhi 2015) and population dyina (Crook 1970, Courchangi al
1999), making it very important in the study of @esies. Social behaviour arises as a
response to both ecological factors and individwdtionships, and understanding the
relative roles of these factors in shaping aninuaieties has been central to mammalian
behavioural research (Crook and Gartlan 1966, Begyet al 1972, Clutton-Brock and
Harvey 1977, Wrangham 1980). Individual relatiopshmay depend on inclusive fitness
(an individual’'s personal reproductive success pillus indirect reproductive success
contributed by relatives, who share the individsialjenes, as a result of the individual's
intervention in their reproductive activities, Hdioin 1964) benefits, direct fitness benefits,
and conflict from conspecifics (Kummer 1978, Wadtand Seyfarth 1987).

Socioecological theory predicts that female disparsn polygynous mammals relate to
spatio-temporally varying resource-risk distribuso (Clutton-Brock and Harvey 1977,
Wrangham 1980, Terborgh and Janson 1986, CluttockBt989b, van Schaik 1989, Isbell
1991, Wranghanet al 1993, Chapmaet al 1995, Janson and Goldsmith 1995, Stextck
al. 1997, Rubenstein and Hack 2004, Snaith and Chaj20@7). When food does not limit
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Chapter 1

female reproductive success, egalitarian societids female transfer between groups and
no dominance hierarchies within groups are expe(dzell 1991). When food resources
limit female reproductive success, female-bondeaugs may be formed, with different
extents of inter- and intra- group competition (Wgham 1980, van Schaik 1989, Isbell
1991, Sterclet al 1997, Isbell and Young 2002) because within-griagaling competition

is a major cost of group living (Jarman 1974, vah&ak et al 1983, Terborgh and Janson
1986, Dunbar 1988, van Schaik 1989, Wranglral 1993, Janson and Goldsmith 1995,
see Koenig 2002, Wittiger and Boesch 2013). Foadpsdition may occur through non-
interference or scramble competition, which ocamrsr non-monopolisable resources, or
through interference or contest competition, whidturs over usurpable resources such
that there is a winner and a loser (Nicholson 1984esources limit female reproductive
success but cannot be monopolised by single fenvalbsn groups, resident egalitarian
societies may be formed, while if important resesrcan be monopolised by single females
within groups, contest competition leading to degpsocieties with strong dominance
hierarchies is expected (Wrangham 1980, van Sctf8®, Isbell 1991, van Hooff and van
Schaik 1992, Isbell and van Vuren 1996, Stetcll 1997, Isbell and Young 2002). If there
is both within- and between- group contest, thenwigroup contest may be lowered by
dominants, who become tolerant of the subordinaaes, a resident-nepotistic-tolerant
society may be formed (Sterek al 1997). Within-group dominance hierarchies may be

nepotistic or individualistic, depending on theerof kinship in social organisation.

A solution to within-group food competition from a-temporally changing food
resources is exhibited by species that show fiskision dynamics (see Auredt al 2008).
Previously called fission-fusion societies, thegeieties exhibit changing group sizes and
compositions over time, by the fission of groupsl dnsion of subgroups depending on
resource availability and distribution (Kummer 1973uch flexible organisation is thought
to have evolved to reduce the cost of group liviagd is seen in species such as
chimpanzees, spider monkeys, geladas, hamadryasommbwhales, dolphins, spotted
hyenas, humans, bats, zebras, and elephants (Kud®68&; 1971, Milton 1984, Dunbar
1988, Symington 1988, van Schaik 1989, Whitehetdl 1991, Strier 1992, Chapman
1990, Chapmaret al 1995, Kerth and Kdnig 1999, Connet al 2000, Rubenstein and
Hack 2004, Hill and Dunbar 2003, Wittemyadral 2005, Lehmanet al. 2007, Smittet al
2008). Species showing high fission-fusion dynamicay be useful for examining

10
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predictions from the socioecological theory relgtito ecological factors, competition,

group size, and relatedness.

The Asian elephant (Elephas maximus)

The Asian elephant is one of three surviving speckthe Order Proboscidea. Ranging
from the Tigris-Euphrates basin in western Asiatwards across the Indian subcontinent,
to southeast Asia and Yangtze-Kiang in China ab§000 years ago (Sukumar and
Santiapillai 1996), the Asian elephant’s rangeds/ meduced to approximately 3.5% of its
historic range (Baskaragt al. 2011). The Asian elephant is listed as Endanganedthere
are an estimated 41,400-52,300 individuals worléwmtistributed across 13 countries, and
26,000-28,000 wild elephants in India (Sukumar 2@¥skararet al. 2011). Elephants are
distributed across four regions in the countrytimem India in the foothills of Himalayas,
northeastern India, central (East-centra) India, southern India (see Vidyat al 2005a).
Population sizes in these four regions are estunate~1,700, 9,000-9,500, ~2,650, and
~14,000 elephants respectively (Baskagtal 2011). Within southern India are three large
elephant populations, the Brahmagiri-Nilgiri-Wyardgsore or the Nilgiris-Eastern Ghats
landscape, the Anamalai—Nelliyampathy—High Rangesthe Anamalai-Parambikulam
landscape, and the Periyar—Agasthyamalai or Pelkgtakkad-Mundanthurai landscape
(see AERCC 1998, Vidyat al 2005b, Baskaraet al 2011). The three landscapes harbour
approximately 8,800, 3,000, and 2,000, elephargspectively (Baskaraet al 2011).
Habitat loss and fragmentation, human-elephantliconéind, to a much smaller degree,
poaching of males for ivory (only males carry ivonyAsian elephants) are threats to the

Asian elephant.

Perhaps understandably, most studies of the Adephant have focused on counting
elephant numbers, assessing habitats available,hanthn-elephant conflict (Sukumar
1989, Leimgruberet al. 2003, see Sukumar 2003, Fernaredoal 2008a). A little less
common are studies of ecology. The Asian elephamwide-ranging (although variable,
Baskararet al 1995, Fernandet al. 2008b) and inhabits a variety of habitats, ragdmm

wet evergreen forests to dry thorn forests (Sukub@@3). They are ecosystem engineers
and seed dispersers, and can modify their halotaiderably (Botkiret al. 1981, Campos-
Arceiz and Blake 2011). Asian elephants feed oargel number of grasses, herbs, shrubs,
and trees, and show differences in feeding pattacngss habitats and seasons (Sukumar

11
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1989, Baskararet al. 2010). Being megaherbivores with poor digestitthey are bulk
foragers, and spend about 60% of daytime hoursrigéBaskararet al. 2010).

Not much work exists on the social organisationhef Asian elephant, and social structure
in the species had been largely assumed to beasimoilthat of the well-studied African
savannah elephant (see Sukumar 2003), althoughwibelineages diverged about 7.6
million years ago (Rohlandt al 2007). Female Asian elephants are philopatricgereds
males disperse away from the group when they apeital0-15 years old (McKay 1973,
Sukumar 1989, Desai and Johnsingh 1995). Studiésnudle social structure in Sri Lanka
had identified “herds”, comprising adult femalesdaheir offspring, that showed fission-
fusion dynamics, with entire herds breaking up ietdunits and reassociating (McKay
1973). Subsequently, based on observations of kaggeegations of elephants in southern
India, a hierarchical social structure was suggkestith family groups, joint-family groups,
bond groups, and clans forming nested levels (Sakutf89), similar to that seen in the
African savannah elephant (Douglas-Hamilton 1972s#land Poole 1983). Fernando and
Lande (2000), based on a study using radio-telgmatid genetic relatedness between
females, suggested that female social structurdsidn elephants was restricted to the
family-level. More recently, the first detailed, aniitative study of female associations in
Asian elephants, carried out in Uda Walawe, Sriklaarreported a multilevel society.
Females showed long-term associations with a feecates and all the adult females were
connected to one another in a social network atethel of the population (de Silvet al
2011).

Objectives of my study

| worked on female Asian elephant socioecology popaulation in southern India. Since the
social structure of female Asian elephants wascteztr, my first objective was to carry out
a quantitative study of female social structur@ainmed to find out whether female social
structure in the Asian elephant was indeed limiteémily groups or whether there was a
nested, multileveled social structure. | also wdntie find out how this social structure
changed with seasons. | expected that social sgtoin of the Asian elephant would be
different from that of the African savannah elephbacause of the different nature of
habitats that the two species inhabited: open saramersus forest. After | began my work,
results from the study in Uda Walawe were publishadd provided an additional

comparison of female Asian elephant social strectAnother objective of my study was to
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examine whether sociality in female Asian elephamés based on genetic relatedness.
Finally, I also wanted to examine the nature ofhiit and between-group dominance

amongst female Asian elephants.

The Kabini Elephant Project

Elephants offer a superb system for investigatihg tole of ecological factors and
individual relationships on behaviour as they areialy advanced (Wilson 1975), inhabit
ecologically diverse habitats (see Sukumar 2008),aifer an opportunity for kin selection
by forming social groups of closely related indivads (Vidya and Sukumar 2005, Arclae

al. 2006). Moreover, our understanding of mammaliaciad organisation and behaviour
was largely based on studies of primates (for Kignmer 1968, Wrangham 1980, van
Schaik 1989, Isbell 1991, Dunbar 1992, Steetlal 1997). Although there were long-term
studies of the African savannah and African forekphants (Douglas-Hamilton and
Douglas-Hamilton 1975, Moss 1988, Turkalo and Fa95), there were no similar studies
of Asian elephants. Long-term studies (e.g., I9l&Rom red deer, St. Kilda soay sheep,
Kalahari meerkats, Amboseli baboons, Amboseli aathlsiru African elephants) have
been indispensable to the study of behaviour in mals, as changing environments may
confound patterns observed over short periods He&on-Brock and Sheldon 2010).
Understandably, such long-term datasets are pkatigumportant for the study of long-
lived animals like elephants. The Kabini Elephardjéct had been set up with the above in
mind in March 2009 (Vidya&t al. 2014), and | carried out my work as part of thisg-term
programme of monitoring and behavioural research iradividually identified Asian

elephants.

The Kabini Elephant Project was set up in Nagaeidtional Park and Tiger Reserve
(Nagarahole; 11.85304°-12.26089° N, 76.00075°-A0BY E, 644 krf) and the adjoining
Bandipur National Park and Tiger Reserve (Bandifpar59234°-11.94884° N, 76.20850°-
76.86904° E, 872 kfy, in the Nilgiris-Eastern Ghats landscape in Kgaka, southern
India. The Nilgiris-Eastern Ghats landscape holus gingle largest population of Asian
elephants in the world, with over 8,500 elepha®angarajaret al 2010, Baskaraet al
2011), of which about 2,600 (Baskaran and Sukunftlp elephants probably use
Nagarahole and Bandipur. The parks together hanamge of habitat types including dry
and moist deciduous forests, thorn forest, and éeakeucalyptus plantations (Pascal 1982).
However, the dominant habitats are dry and moistiddeus forests in both parks.

13
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Nagarahole and Bandipur are separated by the Kedservoir on the river Kabini, formed
by the construction of the Beechanahalli Dam in4l9he Kabini reservoir and the area
around its receding backwaters are a major soureeater and fresh grass to herbivores
during the dry season. The Kabini area receiveenanial rainfall of about 950 mm from the
seasonal southwest and northeast monsoons (I evedithid-June to November to be the
wet season, see chapter 3). Elephants congregasedathe backwaters during the dry
season and are more scattered in the forest dthimgvet season. The area around the
backwaters affords good visibility for behavioumabservations. Both Nagarahole and
Bandipur also have a good network of roads andheleqs are moderately habituated to

vehicles because of tourism.

| carried out fieldwork from January 2011 - May 30&and labwork during 2010 and 2014.

Ouitline of the thesis

This thesis is written in manuscript format withifssntained chapters in the form of
manuscripts. However, not being constrained bytkeag in an actual manuscript, detailed
results are presented. In the second chapter, wmiggd the social structure of female
Asian elephants in the Kabini population to find wdnether social structure was limited to
the family-level or whether there was a nested am-nested multilevel society. We also
compared this with the social structures of femfflecan savannah elephant populations
and the Uda Walawe Asian elephant population. thi#sian elephant populations showed
similar social structures, the observed differeneits the African savannah elephant would
likely have ecological origins. In the third chaptee analysed the observed social structure
of female elephants from Kabini seasonally and alywuAs resource distribution and
abundance were expected to change with seasonxaveireed whether group sizes and
social network cohesiveness changed between theeadryon and the wet season. In the
fourth chapter, we examined whether female socimictire was based on genetic
relatedness by genotyping females from collectimggdsamples. We analysed the strength
of associations and relatedness to find out thaiblesroles of indirect and direct fitness
benefits in organizing female Asian elephant saesetWe then describe dominance
relationships amongst females within and betweesupgg in the fifth chapter. This is
especially of interest since there are differemttiasting predictions relating to the expected
type of dominance relationships in elephants. Tikeh £hapter is a short summary of the

main findings.
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Abstract

Societies with fission-fusion dynamics allow fornwmunity members to split away or
associate together in groups of different sizesesponse to spatio-temporally varying
resources. We examined the role of group sizefectufig the outcome of social structure
analysis in female elephants, which show high disgusion dynamics. We carried out the
first quantitative study of female Asian elephaatial organisation in India. Using over
five years of data on associations between feniedes Nagarahole and Bandipur National
Parks (the Kabini population) in southern Indiag aetwork methods, we found that female
social structure in this population is highly maalwith discrete communities that we call
clans. Clans almost never associated with one andfhere was some variability in within-
clan structure, which was related to clan sizekdeping with the highly modular social
network, only a small fraction of all possible agations between females was non-zero,
while there were a large number of connectionsiwitfans. We also created a dataset (the
Kabini 500-m dataset) from our original field data match the sampling methods
previously used in a study each of Asian and Afrisavannah elephants, so that network
and association statistics could be properly coetbacross populations. We found that the
Samburu African savannah elephant social network ware connected than the Uda
Walawe and Kabini 500-m Asian elephant networksso&gtion index distributions,
network structure curves, and cumulative bifurcatorves were more similar amongst the
Asian elephant populations compared to those fimenSamburu population, and the latter
seemed to be a hierarchically nested multileveiespevhile the former did not show signs
of nestedness. However, when we analysed the soefalorks using the Louvain method
of community detection, we uncovered hierarchitastering levels in all three populations.
Moreover, the average community sizes at the dinst second levels of clustering were not
significantly different across populations, indiogt some basic similarities in social
structure across the species. The average groepvsig significantly larger in the Samburu
population compared to the Asian elephant populatidAn examination of the effect of
group size on Al and network statistics using randssociation data with different average
group sizes revealed that the higher average Alaaedage degree, and lower average path
length in Samburu compared to the Kabini 500-msdtaould be explained by differences
in group size. Thus, underlying similarities in teecial network structures of related
species showing fission-fusion dynamics may be wiestbecause of differences in average

group size.
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I ntroduction

Social structure and organisation, which include patterning of relationships and the
system of interactions between individuals, are artgnt in foraging (for example,
Gompper 1996, Vasquez and Kacelnik 2000), reprogriopportunities (see Clutton-Brock
1989a, Silk 2007, Clutton-Brock and Huchard 20#8ease (for example, see Altizgral
2003, Crosset al 2004, Hock and Fefferman 2012), population genstiucture (for
example, Storz 1999, Rossitet al 2012, Parreira and Chikhi 2015), and population
dynamics (for example, Crook 1970, Courchashpl 1999, Langwiget al 2012), through
factors such as dominance (for example, see Setrak 1997, see Sapolsky 2005, Sneth

al. 2007, Wittemyeet al. 2007), anti-predatory benefits (for example, D&BA0, Hass and
Valenzuela 2002, Ebenspergsral 2006), information flow (for example, Zachary ¥97
Lusseau 2007, Voelkl and Noe 2010), social leariffog example, White 2004, Van der
Post and Hogeweg 2008, Apliet al. 2013), and pathogen transmission (for example,
Vander Waalet al 2014). Social organisation is thought to evolre@sponse to spatio-
temporally varying resource-risk distributions (&m-Brock and Harvey 1977, Wrangham
1980, Clutton-Brock 1989b, van Schaik 1989, Ish@B1, Wrangharet al 1993, Chapman
et al 1995, Janson and Goldsmith 1995, Stestlal 1997, Rubenstein and Hack 2004,
Snaith and Chapman 2007), making ecological facaorsmportant consideration when
comparing societies. One of the modal types ofaamiganisation observed in mammals
was called the fission-fusion society, in whichupe fuse together or split away in response
to spatio-temporally varying resources, thus batanthe costs and benefits of group-living
(Kummer 1971, Milton 1984, Dunbar 1988, Symingt@&38, van Schaik 1989, Whitehead
et al 1991, Strier 1992, Chapman 1990, Chaprearal. 1995, Connoret al 2000,
Rubenstein and Hack 2004, Wittemyadral 2005a, Smitket al 2008). Distinct types of
fission-fusion societies were identified (see vah&k 1999, Griter and Zinner 2004), such
as multilevel societies that were either strictigrarchically nested (as seen in hamadryas,
Kummer 1968, Abegglen 1984, Stammbach 1987), oiibie nested (as seen in gelada
baboons, Dunbar and Dunbar 1975, Kaetaal 1983, Dunbar 1988), and the classical or
individual-based fission-fusion society (as seenchimpanzees and spider monkeys,
Nishida and Hiraiwa-Hasegawa 1987, Symington 19R()as since been recognized that
fission-fusion societies actually form a continuwh different extents of fission-fusion
dynamics (see Aurebkt al 2008). Here, we examine whether group size cbalé factor
that bridges the modal types within species shovigdp fission-fusion dynamics. Group
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size is the number of individuals in a sightingasimals and is often smaller than the size

of socially-meaningful communities in species shaission-fusion dynamics.

Female elephants show high fission-fusion dynar(seg Aureliet al. 2008), but previous
studies have suggested hierarchically nested, lewdted (multitiered) social structure in
African savannah elephants (Moss and Poole 1988eiWeret al. 2005a) and non-nested,
multileveled social structure in an Asian elephaopulation (de Silva and Wittemyer
2012). The differences between these social stregtonay arise from group size limitation
in the Asian elephant, preventing hierarchicalctite from being apparent, but this has not
been examined previously, as only one detailedystfidhsian elephant social structure (de
Silva et al 2011) was available. Since observed social strectay reflect evolved
patterns, as well as plastic responses to therduererironment (DiFiore and Rendall 1994,
Kappeler and van Schaik 2002, see Chapman and Rotl#009), studies of multiple
populations are required to understand the sotiattsire of a species. Here, we examine
the role of group size in affecting social struetusy collecting the first large-scale
guantitative data on Asian elephant social strectitom India, from the Nagarahole-
Bandipur (Kabini) population, and by comparing thish data from the Uda Walawe Asian
elephant population in Sri Lanka, and the Amboseld Samburu African savannah
elephant populations, for which published data emdle social structure are available
(Moss and Poole 1983, Wittemyet al. 2005a, Archieet al 2006, de Silvaet al 2011,
Archie and Chiyo 2012, de Silva and Wittemyer 2012)

The Asian elephanE{ephas maximyss an endangered species, whose social orgamsati
may have been impacted to varying extents acressiiige by long, historic manipulation
by humans. Therefore, there have justifiably bealfiscfor detailed studies of social
organisation in multiple elephant populations idlesrto understand the drivers of social
organisation (Fernando and Lande 2000, Vidya ardi®ar 2005a,b, de Silvet al 2011,

de Silva and Wittemyer 2012). Asian and African aawah elephants form matriarchal
societies, with females and their dependent offigpriving together in groups, and
adolescent males dispersing from the groups ardinigdargely solitary lives thereafter
(Douglas-Hamilton 1972, McKay 1973, Moss and Pd®83, Sukumar 1989, Vidya and
Sukumar 2005a,b). Female groups show high fissiereh dynamics (see Auredit al

2008). However, based on previous studies, theeense to be differences in social
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structure within and between elephant species,ilpgssom different sampling methods

and ecology (see below).

The African savannah elephant exhibits a multidefemale society (Douglas-Hamilton
1972, Moss and Poole 1983, Wittemwtral. 2005a). The basic unit of this society is the
mother-offspring unit, and the term “family grouwas used to refer to one to a few closely
related females and their offspring (Buss and Sit#66). Social organisation in Amboseli
was described to consist of family groups or coreugs, comprising several female-
dependent offspring units, that were identifiedha beginning of the study (from 1972)
based on spatial associations and behaviourakiaritend associations of family or core
groups that were termed bond groups (Moss and P88, Archieet al 2006). Family
groups that shared dry-season home ranges weeel cddins (Moss and Poole 1983), which
were, therefore, spatially identified. Social tiens Samburu were identified statistically
through cluster analysis and included, hierarchicadecond-tier units (family groups),
third-tier units (kinship groups of Douglas-Hamiit§¢1972) or bond groups of Moss and
Poole (1983)), and fourth-tier units (Wittemyet al 2005a). Groups themselves were
differently identified in the field, with individus of core groups having to be within 100 m
of one another in order to qualify as being assedian Amboseli (Archiest al. 2006), and
individuals within a 500-m radius of an aggregatemntre being classified as a group in
Samburu (Wittemyeet al 2005a). Amboseli and Samburu have also expemkeddterent
extents of poaching (Poo&t al 1992, Moss 2001), but the association netwot®amburu
was found to be resilient to the elevated levelpadching because of daughters replacing
their mothers in network roles (Goldenbetgl 2016). Therefore, differences in the female
social networks of the two populations, with themBaru network being much more
interconnected than the Amboseli network (Figureat¢ likely to stem from differences in
sampling methods. Samburu and Amboseli are sinmlaglephant density and ecology

(Wittemyeret al. 2009) and social tiers are similar in the twoydapons (Table 1).

Studies on female Asian elephant social organisaliad long suggested a matriarchal
society with fission-fusion dynamics, inferred frdemale social groups of varying sizes
(McKay 1973, Sukumar 1989). However, the precisiineaof female social organisation
was ambiguous, with studies from Sri Lanka largedy describing multitiered societies but
those from southern India implying them (see beldWgKay (1973), in southeastern Sri
Lanka, described the most inclusive female sociaug (containing females, their
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dependent offspring, and juveniles and subadudts) derd”, which could contain subunits
that showed fusion and fission, but which did negagiate with other “herds” that shared
their home range. “Herds” were found to contain4dD5individuals. Fernando and Lande
(2000) found smaller group sizes subsequently basedadio-telemetry and limited
observational data (see Table 1), but these grtagslid not associate with other groups
that shared their home range, and were referreas ttamily groups. A study in southern
India, albeit not specifically on social organisati suggested the existence of a multitiered
female elephant society with “family groups” (wihsingle adult female and her dependent
offspring), “joint-family groups” (with two or moredult females), “bond groups”, and
“clans” (comprising 50-200 individuals; Sukumar 998003). Danielet al. (1987) and
Baskararet al (1995), in studies of habitat use and rangingdathern India, referred to
social associations of females that showed coorelihanovement and were presumably
related as a “clan” (of up to 65 individuals), lalid not demarcate social tiers within clans.
The first large, quantitative study of Asian elepihsocial organisation, carried out in Uda
Walawe, Sri Lanka, found female social organisatiotin long-term associates, and larger
social units than typically seen associating at tamg in the field (de Silvaet al 2011),
which was also the case with the previous, lessitifative studies (and indeed expected in
fission-fusion societies in general). What waseatdéht from the previous studies (insofar as
the data that previous studies contained that cbeldompared) was that the larger social
units (“herds” or “family groups” or “clans” as titerm might be) were connected to one
another in a social network at the level of tharenpopulation (de Silvat al 2011, de
Silva and Wittemyer 2012). In a comparative analysiwas found that female groups were
smaller, showed weaker associations, and werectmssected at the population level than
that seen in the Samburu African savannah elepbaotlation (de Silveet al 2011, de
Silva and Wittemyer 2012). The Uda Walawe popuitatibus showed a non-nested,
multilevel society, with individuals associatingfdrently with two types of social affiliates,
in contrast to a multitiered society in Samburuhwitested social tiers (de Silva and
Wittemyer 2012). Although some of the initial cosifon relating to female Asian elephant
social organisation seems to have stemmed fronttamjat to equate social levels in the
Asian elephant with those described in the betigtied African savannah elephant, there
was also the possibility of female Asian elephaotia organisation being different
between Sri Lanka and the mainland. A plausiblesaeaor this could be the extensive
historical disturbance to elephants in Sri Lankmpared to southern India (see Sanderson
1879, pp. 68-69, Lorimer and Whatmore 2009).

30



Chapter 2

We used data from the Nagarahole-Bandipur (Kalgopulation in southern India to find

out whether female social structure in this popafatvas similar to that in Sri Lanka, and,
if so, whether the difference in social structui@nt that of the African savannah elephant
could be explained by a constraint on group size.ago wanted to find out whether the
wider social network in Uda Walawe compared to eissimns found in previous studies in
Sri Lanka could have resulted from differences iethods. A 100-m distance cutoff had
been traditionally used to delineate Asian elept@oups (Fernando and Lande 2000),
while a 500-m cutoff, similar to the one in Samhunad been used in Uda Walawe (de
Silvaet al 2011). We expected that there might be lowerl$eoEconnectedness in the Uda
Walawe population compared to the Kabini populatimtause of extensive historical
disturbance in the former. However, on the whole,expected greater similarity between
Kabini and Uda Walawe, with smaller group sizes wier network connectivity in the

Asian elephant populations than in the African sanadh elephant because of ecological

differences.

Methods

Field data collection

The field study was carried out in Nagarahole Natld?ark and Tiger Reserve (henceforth,
Nagarahole; 11.85304°-12.26089° N, 76.00075°-7@87%F, 644 krf) and the adjacent
Bandipur National Park and Tiger Reserve (hendefdandipur; 11.59234°-11.94884° N,
76.20850°-76.86904° E, 872 Kmin the Nilgiris-Eastern Ghats landscape in Keaka,
southern India (Supplementary Material 1). The gnrelandscape holds the single largest
population of Asian elephants in the world, withep\8,500 elephants (Rangarajinal
2010), of which about 2,600 (Baskaran and Sukunftlp elephants probably use
Nagarahole and Bandipur. The dominant habitatsha dtudy area are dry and moist
deciduous forests. The Kabini reservoir, resultifgm the construction of the
Beechanahalli Dam on the River Kabini, lies betwdagarahole and Bandipur, and is a
major source of water and fresh grass to herbivdvesmg the dry season (see Vidgaal
2014). The area sampled was centred around thenKedservoir and extended into the
forests of Bandipur and Nagarahole, and we referthi® population as the Kabini
population. The area receives an annual rainfalalobut 950 mm from the seasonal
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southwest and northeast monsoons, dividing the, yeaghly equally, into wet and dry

seasons.

Field data collection was carried out from the bagig of March 2009 to July 2014, on a
total of 878 field days. Sampling could not be eatrout during several months in 2010
because of field permit issues. Sampling was aaroet by driving along pre-selected
routes from about 6:30 AM to 6:00-6:45 PM (depegdon daylight hours and field
permits). Elephants in the study area have beeasexpto tourist vehicles for many years,
which facilitated observation. Female elephant tgsl’ were identified as an aggregation
of female elephants, usually along with their youtigat showed coordinated movement
(especially towards or away from a water sourcsatlr lick), coordinated behaviours (such
as bunching and facing the same direction whenepeng a threat from other elephants or
heterospecifics), or affiliative behaviour, and eve@isually within 50-100 m of one another.
Members of a group were said to be associating @ntlh another. During our original data
collection, we did not use a 500-m distance cu&sffhad been used in Uda Walawe or
Samburu because it was clear from the uncoordinatedi sometimes aggressive,
interactions between different aggregations of led@ps within 500 m of one another that
they did not belong to a single social group. Sightetails of elephant groups, including
group size, time of sighting, and GPS location weeeorded. Individuals were
photographed and sketched, and identified based nadtiple natural physical
characteristics, and aged based on body size, sikell and body characteristics, using the
Forest Department’s semi-captive elephants of knages in the area as a reference (see
Vidya et al. 2014). Although individuals older than 15 yeaawd previously been referred
to as adults (Sukumar 1989, Vidgaal 2014), since we subsequently found that females
were often sexually mature at 10 years of agen@sher elephant populations, see Mesks
al. 2011, de Silvaet al 2013), we analysed associations for femalesvieat 10 years old

or older (referred to simply as females in the oéghis paper).

Association data

Animals were sighted only briefly sometimes, in @hicase all the individuals in a group
could not be identified. We excluded such sightiagd retained only sightings in which all
the females could be identified. We considered tgigh of the same group to be
independent if they were observed again after Z6rdh because this interval yielded

roughly similar probabilities of groups either charmg in composition or not (see
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Supplementary Material 2). Changes in group contiposwithin this time period were not
recorded as separate sightings. Since we wantednipare our data with the Uda Walawe
and Samburu populations in which a 500-m distandgefic had been used to identify
associations, in addition to using our originalhsilgg dataset for analyses, we created a
sighting dataset (referred to henceforth as theil{&@®0-m dataset) in which we grouped
together females that were within 500 m of one lagobased on GPS data. In this new
dataset, sightings sharing a common female duhegdiay were merged together into a
single sighting, after the manner of de Siktal (2011). Only sightings with all the
females identified were used for the Kabini 500-atadet also. Further, only females
sighted at least 20 times were retained in thesdatas had been done in the Uda Walawe
and Samburu datasets. Data on female group sightgre used to calculate the
Association Index (Al) between pairs of femalestles ratio of the number of times two
females A and B were seen togethBrg) to the number of times either A or B was
observed {-D, whereN is the total number of sightings aBdthe number of times neither
A nor B was seen) (Ginsberg and Young 1992). Thegmage of non-zero Al values,
average Al, and kurtosis of Al were also calculatdaless otherwise mentioned, data
manipulation and analyses were carried out usingTM¥B 7 R2004a (The MathWorks,

Inc, 1984-2011, www.mathworks.com).

Social structure using networks

We examined social structure using network andtetuanalyses. Social networks were
constructed based on Al between individuals andalized using Gephi 0.8.2 (Bastian

al. 2009). The network statistics that were calcdlatecluded degree (the number of
connections oredgesarising from an individual omodg, clustering coefficient(the
proportion of all possible edges between the imatedneighbours of a focal node that
actually exist, and, therefore, the probabilitytttveo randomly chosen neighbours of a focal
individual are connectedpath length(the number of edges on the shortest path between
two nodes), andistance-weighted reacfthe sum of the reciprocal of path lengths from a
focal node to other nodes), calculated for indigiduodes, andensity(the proportion of all
possible connections in the network that actualystg and modularity (see below)
calculated for the entire network (Wasserman angt5994, Borgatti 2006, Latapy 2008).
Most network statistics were calculated using MAB_But distance-weighted reach (reach
centrality) was calculated using UCINET ver. 6.8B®rgattiet al. 2002). In order to find
out whether the network was different from a randoetwork, we compared the degree
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distribution of the observed network against Paisegpectation that would arise from an
Erd6s-Rényi random network (Erdés and Rényi 19680k also tested for preferred
associations by randomly permuting the associatiaia following Whitehead (2008; see
Supplementary Material 3). Network statistics a¢ #abini 500-m dataset were compared
with available statistics from previously studiedpplations. Since the mean and SD of
these statistics were generally available from offepulations, but the distributions were
likely to be skewed and/or have different variance&e compared statistics across
populations using Welch’s two-sample tests (Wel&37). It has been shown through
simulations that the Welch's test performs well endeveral scenarios involving the
comparison of skewed distributions with unequalarazes and sample sizes (Fagerland and
Sandvik 2009). As a further precaution, we uses tbst to compare statistics between the
Uda Walawe and Samburu populations that had edréien analysed using randomisation
tests (de Silva and Wittemyer 2012), and foundstiraee results in all eight tests performed.
While comparing the statistics from the Kabini plapon with the Uda Walawe and
Samburu populations (as shown in de Silva and Witex 2012), we used the Kabini 500-
m dataset with only females that were sighted a&tl20 timesr=109 females) so that the
datasets were comparable.

Community structure within networks, and hemoedularity (a measure of the extent to
which a community is partitioned; this can be meadlby comparing the fraction of edges
within communities to that between communities)swentified using the Louvain method
(Blondel et al 2008). The Louvain method clusters communitiesrdrchically and is
known to be accurate. It uses a weighted netwarkafiich edge weights, which are Al
values between females, are incorporated rathem thare presence or absence of
associations between females) in which each nodeiiglly considered a separate
community. Changes in modularity upon rearrangemasit nodes are evaluated and
rearrangements are stopped when a local maxima adularity is obtained. The
communities detected at this point are used asafmiehe next step. Since the algorithm
begins with rearrangements of single nodes aca®sntinities, this method does not suffer
from the problem of identifying communities at aahscale. The algorithm is repeated
iteratively until the maximum modularity is obtadheresulting in hierarchical partitions of
communities within communities (Blondet al. 2008). This method allows for structure to
be meaningfully examined at different hierarchieakls because the intermediate partitions
correspond to local modularity maxima (Blondsl al 2008). This method, therefore,
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naturally lends itself to the investigation of sobrganisation, when one is interested in
finding out whether there are hierarchies or ntie Touvain method was implemented by
calling the C++ codes made available by the authors
(https://sites.google.com/site/findcommunities/onfr MATLAB. We carried out the
Louvain hierarchical community detection for the aUWalawe and Samburu data also
(from de Silva and Wittemyer 2012, data kindly pded by the authors) for comparison
with the Kabini (Kabini 500-m dataset) populatidfe also constructed network structure
curves following de Silvaet al (2011) for comparison across populations. The bemof
clusters with more than one female, determinedguie Louvain method, after removing
edges below different Al thresholds, was plottedciagt Al threshold. The network
structure curve provides information on the cohesess of the social network at different
association strengths. Significant changes in bgesof the network structure curve were
detected by comparing the values of number of efasio the left and right of each point

within a moving window of 0.3 using the Wilcoxomkasum test (see de Sileaal 2011).

Effect of group size on Al and network statistics

Since differences in group sizes are likely to @ff@l and network statistics, we examined
the effect of group size on these statistics iloam datasets, to find out whether differences
across populations in network statistics could $ynye a result of differences in group size.
We created random datasets, each with 100 indildual500 sightings, distributed in
group sizes following beta distributions with paeters that resulted in group size
distributions that mimicked known elephant grougpesilistributions =1, /=7, maximum
group size=19 for Uda Walawe=2, /=9, maximum group size=26 for Samburu, &,
[=9.5, for the Kabini population, maximum group sit8 for the original data, maximum
group size=27 for the 500-m data; Kabini group sirgributions from this study, Uda
Walawe and Samburu group size distributions fromSdea and Wittemyer 2012). The
maximum group size was altered to change averaggize. We calculated the average,
SD, and kurtosis of Al, and network statistics utthg average degree, average clustering
coefficient, and average path length for the randiatasets. One hundred random datasets
were created for each beta distribution type walchemaximum group size. Therefore,
average group size and the Al or network statistiese averaged across these 100
replicates. We then plotted the statistic undes@ration against average group size based

on the random dataset, for each of the three hstabdtions of group sizes, to visualize
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how the statistic changed with increasing averageig size. For each observed statistic
(calculated from field populations with an obsenaarage group size), we calculated an
expected random value of the statistic by interjpadathe appropriate random curve (with
matching beta distribution). Interpolation was damgng cubic spline in CurveExpert
version 1.37 (Hyams 2001). Using the 95% CI ofdbhserved estimates, we calculated an
interval with (expected - lower 95% CI of observedpected and (expected - higher 95%
Cl of observed)/expected values for each populatibthese intervals overlapped across
populations, it indicated that the populations etiéfd from the random lines to the same
extent and, therefore, differences in the statlstioveen the populations could be explained
by differences in observed average group sizddfintervals of (E-O)/E did not overlap, it
indicated that differences in the statistic betwgepulations were significant beyond the
effect of average group size. This was a consenvdést because it was possible that the
intervals of (E-O)/E could actually be larger thamat we calculated based on 95% Cls.
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Table 1. Details of social tiers in previously sadlelephant populations and from the
present study in Kabini. Clan sizes in Kabini aesdx on 16 clans seen at least 40 times
each. The other data come from Fernando and L&@f¥®) for Ruhuna National Park (Sri
Lanka), de Silveet al (2011) for Uda Walawe (Sri Lanka; the values waakeulated using
Louvain clustering from data kindly provided by &he de Silva), Moss and Poole (1983),
Lee (1991), and Moss and Lee (2011) for Ambosedinya), and Wittemyeet al (2005a)
and Goldenbergt al (2016) for Samburu (Kenya) (except for the celirked*, whose
values were calculated using Louvain clusteringnfidata in de Silva and Wittemyer 2012,

kindly provided by the authors).

Ave. no. Ave. no.of Ave no. of Ave. no.of ) No. of
o o No.of femalesir _
of femalesindividuals females/ individuals ~individuals in a
o o _ , _ a clan / fourthder _
Populationin a familyin a family family groups in a bond ' clan / fourthtier
. unit / most .
group group in a bond group . . . unit / most
inclusive unit _ _
(range) (range) group (range) inclusive unit
Mean: 13.31SD: Mean: 29-19,
. SD: 19.76,
- 7.78, Median: .
Kabini _ _ _ _ Median: 21,
11.5, IQR: 7.5- IOR: 17-39.5
18.5, Max: 32 Max: 83
Kabini Mean: 15.57, SC
500m. 90 9.74, Median: 1€
i htir’l_s - - - - IQR: 919.5, Max -
Mean: 11.67, SC
Uda 7.47, Median: 12,
Walawe - - - - IQR: 5-17, Max: -
23
Ruhuna 3 B 3 3 7.75 (4-11)  14.75 (7-24)
. 2.35 7.22 2-5 family . .
Amboseli (1-9)* (2-23)* groups _ 5-9 family groupsRange: 50-250
Median: 33.5,
2.0 family IQR: 28.8-80.3

b . .
Mean: 13.75SD: )
4.4 . Median: 32,
groups ( 7.46, Median: 11, Vedian: 3

Samburu  2.2(1-5) 7.64 (1-15) females on 16 (6-4O)IQR: 8.8-16 Max: IQR: ?3.5-38
ave.,based ol during a
. 28
) subsequent
period.
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*Family groups in Amboseli comprised, on averag85Zemales and 7.22 total individuals
in 1976, while core groups (erstwhile family groupat had expanded) in 2002 comprised
an average of 7.08 females (Moss and Lee 2011)farheer are shown so that appropriate
comparisons can be made across populatibfisese were described as family groups
originally (because families contained up to 10f@Males and their offspring according to
Wilson 1975), but Asian elephant populations aee@dl in the last two columns here as the

most inclusive social units. IQR: Inter-Quartilerige.

Cluster analysis and cumulative bifurcation cunging Al

In addition to using the Louvain method to detemrdrchical structure in the Kabini
population, we carried out hierarchical clusterlgsia for comparison across populations.
Although hierarchical cluster analysis may not beful for detecting hierarchical structure
if social units at each tier of social structur@wshvariability in Als (also see de Silva and
Wittemyer 2012), we used this method so that thepes of the cumulative bifurcation
curves could be compared across populations. Wetremted dendrograms based on
associations between individuals and used thegbltite cumulative number of bifurcations
in the dendrogram at different linkage distanceslémtify knots, which indicate significant
slope changes, corresponding to different socak t{see Wittemyeet al 2005a). The
UPGMA method was chosen for clustering becauseeidgd the maximum cophenetic
correlation coefficient value (CCC=0.976). Knotsrev&lentified by comparing the number
of bifurcations in 0.2 and 0.3 windows above antbweeach point in the cumulative
bifurcations plot, using a Wilcoxon rank sum tel§tmultiple adjacent points yielded
significant P values, the point with the most significatvalue was considered the knot
and, if adjacent points gave identi€alalues, the average of the linkage distanceseseth

points was considered the knot value.
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AI>0.05

Figure 1. Social networks in A) Kabini, originaltdset, B) Kabini 500-m dataset, C) Uda
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Walawe (Sri Lanka), D) Amboseli (Kenya), and E) ®anu (Kenya), based on all
associations (first column), associations with drciétoff of 5% (second column), and an
Al cutoff of 10% (third column). The networks in &d E are based on de Silva and
Wittemyer (2012; data kindly provided by the au)oand those in D, from Archie and
Chiyo (2012; reproduced with the permission ofghblisher, John Wiley and Sons, license
number 3960250419556). The dashed oval in D inglicat bond group. Only individuals
sighted at least 20 times are included in the Kah@tworks, as was the case in the Uda
Walawe and Samburu networks. Networks for the Kadata based on individuals sighted

at least 10 times are shown in Supplementary Matéri

Results

The dataset used to examine female associationprismd 3893 female group sightings in
which all the females could be identified (9551 iwdual females, including repeat
sightings of the same individual; the 3893 sigrginm which all the females could be
identified, comprised 87% of all the female groightngs we had during the study period).

The number of uniquely identified females from ttiedaset was 330.

Association network and Al in the Kabini populatlmased on the original dataset

The association network based on the entire databetved clearly demarcated
communities (Figure 2). Therefore, associationsvbeh females were highly non-random
based on comparison with Poisson expectat®+iegt for goodness of fitz=1514.46,
df=23, P<0.001) and through the permutation test (bothtsteord long-term preferences,
see Supplementary Material 3). The overall netwoddularity was high (0.936). We refer
to communities obtained through the Louvain methedclans, in keeping with previous
terminology used to refer to the most inclusive déansocial grouping of elephants in
southern India. The largest clan in our study csiedi of 32 females (83 individuals,
including their offspring). We did not find femadssociations across clans during over five
years except on seven occasions (Figure 1). Execofi the Louvain algorithm based on
the 330 females yielded 90 communities after tigt fiound of clustering, 70 after the
second, and 69 after the third. Excluding 30 comitrasof single females, there were 60
communities after the first round of clustering, @fimmunities after the second round, and

39 communities after the third round (which cormsped to the eventual 39 clans).
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Fourteen of the 39 clans went through more thanroanerd of clustering, suggesting more
than one level of social organisation in these glabne clan showed three levels of
clustering, while the remaining 13 did not formger clusters after the second round of
clustering. The clans formed after more than onendoof clustering were significantly
larger (average=14.4, SD=7.9¥514) than those whose compositions remained irfitawt
the first round of clustering (average, 3Dof clan size: 3.9, 2.74, 25, excluding singletons;
Mann-WhitneyU test:U=20.0,Z,4~-4.598,P<0.001, see Supplementary Material 5). Based
on clans that were sighted over 150 times, we faimadl 95% of the clan members were
sighted on average within the first 40 sightingstled clan (and 92% within the first 30
sightings). Since under-sampling could lead to mnplete clans, we examined the clans
sighted more than 40 times and found that they ks significantly larger when they had
more than one clustering level (average=17.0, SE%;N=10) than when they had a single
clustering level (average=7.2, SD=3.0%56, Mann-WhitneyU test: U=6.0, Z,4=-2.609,
P=0.009, Supplementary Material 5).

In keeping with the clearly defined clusters widwfassociations between them, the overall
Al distribution was highly skewed (Figure 3), witimly 2.5% of the Al values being non-

zero (average AI=0.004, SD=0.040, median=0). Timsreased to 10.8% when only

individuals that were seen at least 20 times wedtuded in the dataset (Table 2). The
average degree and average distance-weighted reach low (average degree=8.32,

average distance-weighted reach=12.45, Table 2jusecof female associations being
restricted to the clan. The average clustering fuoefit was high (0.87; 0.95 based on
females seen at least 20 times, Table 2) due tdatige number of connections within

clusters, and density, which measures connectedi@sss the entire network, was low
(0.025, Table 2).
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Figure 2. Social network based on the entire databe30 females drawn using the
Fruchterman Reingold layout (Fruchterman and Réth©91) in Gephi. Each node here is
a female and the edges between the nodes indicaizero Al between females (edge
thickness is proportional to Al). Nodes are colaub®sed on modularity classes and we
refer to nodes of the same colour as a clan. Tipeat&d (Poisson) and observed degree
distributions based on this social network are shawthe bottom right. The average degree
was 8.32 based on this network, which includesviddals seen only once; when such
individuals were removed, the average degree was @74 individuals). Most of the
solitary nodes towards the centre are femaleswkad seen only once or a few times. The
small number of connections across clans arose f@ven sightings during the five year
study period. Four of these were due to assocmtioin Rumki (orange) with Arima
(yellow), and later, with Dana (red) when the forrhad a very small calf that could not
keep pace with the group, and the latter also tedes. Olympia’s clan (that Rumki
belonged to) was seen a total of 164 times, Kastalan (yellow) was seen 436 times, and
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Patricia’s clan (red) was seen 688 times. The atbenections between clans were between
Tilottama’s clan (light green; seen 76 times) arldxAndra’s clan (bright green; seen 48
times), and between Menaka’'s clan (dark rose; §&times) and Mridula’s clan (light

pink; seen 70 times).

a) b) C)
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10000 1000 1000
2 1000 2 P
% % 100 % 100
s - 3
3 10 3 10 g 10
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1 1 1
0 02 0.4 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
Al Al Al

Figure 3. Al distributions based on a) the entiagad b) only females sighted at least 20
times, and c) only females sighted at least 20gitng based on the Kabini 500-m dataset.
The relatively high frequency of Al=1 in a) is besa of small number of sightings of some

individuals, and this disappears in the other gsaph
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Table 2. Average group size (number of females)statistics, and network statistics for
different elephant populations. Statistics for baa Walawe and Samburu populations are
reproduced from de Silva and Wittemyer (2012) deddnes with asterisks were calculated
from network files (of de Silva and Wittemyer 20X dly provided by Shermin de Silva
and George Wittemyer. Statistics for the Lopé foedephant population are reproduced
from Schuttler et al (2014). Statistics such as the degree and demsight be
underestimates in Lopé because the number of tintgiduals were sighted was very
small (network statistics based on individuals ®&dghat least twice) and there was a
significant correlation between the number of Sighg and the number of associates
(Schuttleret al 2014). The small average group size is, howendeeping with that found
in forest elephants in Dzanga Bai (average femabeim size including dependants: 2.7,
SD=1.3) in a long-term study (Turka#® al 2013). The average group size for KabiAD>
sightings is the average of group sizes of onlgéhsightings in which all the females were
seen at least 20 times (this is shown for the sdkempleteness). Significant differences in
metrics based on the Welch’s two-sample test amvishusing superscripted alphabets

(a<b<c), witha set to 0.0017 based on a flat Bonferroni correchio 29 tests.

Percen- Average
Average Average
Averagetage of _ Average ~ distance
_ Kurtosis clustering path Modu- .
Population group non- degree ~weightec ~ Density
_ coefficien length larity
size (SDxero Al reach (SD)
values (SD)
2.38 8.32 0.87 1245 2.17
Kabini 25 315.42 0.936 0.025
M (183p (8.15) (0.165) (9.14) (1.433)
K_ablru_ZO 2.35 108 67.97 13.34 095 15.87 1.60 0.803  0.108
sightings ~ (1.84f (9.95) (0.082) (9.85) (1.160)
Kabini 500-
3.16 7495 081 9246 131
m, >20 69.4 37.71 0.398 0.694
- 3.14 19.50) (0.056) (9.75) (0.463
signtings &1 (19.50f (0.056f (9.75f (0.463f
Uda 3.07 2253 0.63 59.46 *2.07
20.8 10.35 *0.701 * 0.217
Walawe  (2.34f (11.85} (0.13f (9.04f (0.740%
5.03 88.87 0.88 99.94 *1.18
Sambur 82.8 27.59 *0.474 * 0.815
W aery (16.00f (0.04F (7.96§ (0.388}
1.48
Lopé 14 - 2.06 0.86 - 2.157 - 0.033
(0.80%
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Comparison of association networks across popuhatio

The association network based on the original Katata was highly disconnected, unlike
female social networks in the previously studiedidsin savannah elephant and Uda
Walawe Asian elephant populations (de Silva andamiyer 2012, Figure 1, first column),
but more connected than the network in the Lopécaifr forest elephant population
(Schuttleret al. 2014). However, since different criteria had besed for grouping these
networks, we compared the Kabini 500-m network witie Uda Walawe and Samburu
networks that had also been based on a 500-m destamtoff, and the original Kabini
network with the Amboseli network (in which assdicas had been recorded somewhat
similarly, see Archieet al 2006). Visual comparison showed the Kabini 500atworks to
be intermediate in connectedness between the SamabdrUda Walawe networks (Figure
1). This was supported statistically, with the ager degree (74.95), average distance-
weighted reach (92.46), and clustering coeffic(@®B1) in the Kabini 500-m network being
significantly smaller than those in Samburu (Wedciio-sample test: average degree:
U=5.772, d=208.3, P<0.001, average distance-weighted reath:6.216, d=207.9,
P<0.001, clustering coefficient=10.636,df=195.3,P<0.001), but significantly larger than
those in Uda Walawe (Welch's two-sample test: ayerdegreeU=23.862,d=179.3,
P<0.001, average distance-weighted reaths25.687, d=211.7, P<0.001, clustering
coefficient: U=13.068,df=140.2,P<0.001; Table 2). The average path length in thiilda
500-m network was also intermediate, being larpantthat in Samburu (Welch’s two-
sample test:U=16.573, df=11452.6,P<0.001) and smaller than that in Uda Walawe
(U=64.999,d=9038.0,P<0.001). Visual comparison of networks based onasiginal data
with the Amboseli networks showed a more connentgtdork in the Amboseli population
with no Al cutoff, but similar networks in Kabinind Amboseli at Al cutoffs of 5% and
10% (Figure 1).

The original Kabini network did not change subgtdiyt when an Al cutoff of 0.05 was

used, unlike networks from all the other dataséigure 1). The Kabini 500-m network

changed dramatically at an Al cutoff of 0.05 likeetSamburu network. However, the
network structure curve of the Kabini 500-m datasas roughly similar in shape to that
obtained from the Uda Walawe population previousiyer than the Samburu population
(de Silva and Wittemyer 2012). It differed from tbea Walawe network structure curve
though in showing two points of significant slogenge (at Al threshold values of 0.38 and
0.69, Figure 4) rather than a single point of digant slope change. The Al distribution
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based on the Kabini 500-m dataset (Figure 3c) aayesater visual similarity to that of Uda
Walawe than to that of Samburu, as high Al valuessvabsent (see de Silva and Wittemyer
2012) and this similarity in Al distribution coulthve given rise to the similarity in network
structure curves. The average Al was, however,ifgigntly smaller in Uda Walawe
(0.019) compared to that in Kabini 500-m dataseD3®; Welch’'s two-sample test:
U=11.195,df=11295.3,P<0.001), which was in turn significantly smalleraththat in
Samburu (0.049; Welch’s two-sample tedt8.209,d=9544.9,P<0.001). However, the
percentage of non-zero Al values was much highénerKabini 500-m dataset than in Uda
Walawe (Table 2). The kurtosis of the Kabini 50@3ataset was higher than those of both
Samburu and Uda Walawe (Table 2).

a) Original data b) 500-m cutoff
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Figure 4. Network structure curve (of females saeleast 20 times) for a) the original data
and b) data based on a 500-m distance cutoff, stgptmio points of slope change based on
window of 0.3 P<0.001 for Al threshold of 0.32 arf@=0.006 for Al threshold of 0.65,
points of slope change were 0.33 and 0.665 basea wmdow of 0.2;P=0.001 for Al
threshold of 0.38 an&=0.012 for Al threshold of 0.69=0.082 for the Al threshold of
0.69 based on the 0.2 window).

The Louvain clustering carried out on the Kabini0O50, Uda Walawe, and Samburu

datasets showed two levels of clustering in thet fitvo datasets and three levels of

46



Chapter 2

clustering in the third dataset (although Uda Walaemetimes also showed three levels of
clustering and Samburu, two, see SupplementaryrMh®. The numbers of communities
after the first round of clustering were 20, 16d &4 in the Kabini 500-m, Uda Walawe,
and Samburu, datasets, respectively, and the ngnobeommunities after the second round
of clustering were 7, 9, and 9, respectively. Eighinmunities were detected after the third
round of clustering in Samburu. In the Kabini 500diataset, five of the seven eventual
communities changed from the first to the seconohds of clustering, while the other two
remained compositionally the same from the firgeldo the second level. The numbers of
second-level communities that changed in compaesitiom the first to the second rounds
of clustering were four out of nine in Uda Walavesd seven out of nine in Samburu.
Although the community sizes at different levelschistering had remained the same in the
original Kabini dataset, there were small differefhién the number of communities and
community sizes/composition in the Kabini 500-m,al/alawe, and Samburu datasets,
upon repeating the same analysis multiple times 8&gplementary Material 6). As in the
original Kabini dataset, the communities formedemafthe second clustering level were
larger than those formed after the first clusteriengel, although this was not statistically
significant in the Uda Walawe dataset (Mann-Whitriigytests: Kabini 500-mU=25.5,
Z,9=-2.480, P=0.013; Uda Walawel=39.5, Z,4=-1.856, P=0.063; Samburui=15.0,
Z,3=-3.808,P<0.001). Interestingly, community sizes at a patéc clustering level were
not different across populations (average = SDr dffte first clustering level: Kabini 500-m:
5.45 * 3.05, Uda Walawe: 6.56 + 4.87, Samburu: 4t52.34, Kruskal-Wallis test:
H, 60.380,P=0.827; average + SD after the second clusteringl:l&abini 500-m: 15.57

+ 9.74, Uda Walawe: 11.67 = 7.47, Samburu: 12.227.60, Kruskal-Wallis test:
H,25=0.594,P=0.743; Figure 5; Mann-Whitney U tests, Kruskal-Wgatest, and test for
homogeneity of slopes below carried out using Staed 8, Weil3 2007). There was a
correlation between second-level community sizesl dhe number of first-level
communities within second-level communities (Figéje and a test for homogeneity of
slopes showed no difference in slopes across tre thopulations (MultipleR’=0.765,
P<0.001, Effect of populatiorff[2,19]=0.502,P=0.613; Effect of the number of first level
communitiesF[1,19]=52.608P<0.001).
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Figure 5. Community sizes after the first and secewels of clustering using the Louvain
algorithm, based on the Kabini 500-m, Uda Walawel Samburu datasets. Communities
after the second level of clustering that did rf@rgye in composition after the first level are

also included in the second level. Means and 9594 ©6 SE) are also shown.
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Figure 6. Sizes of second-level communities comghadevarying numbers of first-level
communities in the Kabini 500-m, Uda Walawe, andnBaru datasets. Equations of the
trendlines (in the same colours as the data poirise respective populations) for the three
populations are: Kabini 500-y=5.22%+0.636,R*=0.904, Uda Walawey=3.861+4.803,
R*=0.453, Samburw=3.52x+2.833,R?=0.859.
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Cluster analysis and cumulative bifurcation cureghe Kabini population

The cumulative bifurcation curve based on averagkage clustering (dendrogram in
Supplementary Material 7) showed one point of $igcgmt slope change at linkage distance
0.32 (Wilcoxon rank sum test: rank sum=12¥5;3.805,P<0.001, 0.3 window) for both
the 0.2 and 0.3 windows. A second knot was sedinkatge distance of 0.62 only based on
the 0.2 window (Wilcoxon rank sum test: rank sum&5P=0.010, 0.2 window) (Figure
7a). The curve was concave-up, indicating a smalenber of linkages at small linkage
distances (tight associations) than at large liekdigtances (loose associations). A similar

bifurcation curve was obtained from the Kabini 58@@ataset also (Figure 7b).
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Figure 7. a. Cumulative bifurcation curve basedhmnoriginal Kabini data showing knots
(knot at linkage distance of 0.32 based on 0.3Advindows and knot at linkage distance
of 0.62 based on only the 0.2 window). A similaagn based on only females seen at least
20 times showed knots at 0.36 and 0.62, and 0.88&® based on 0.2 and 0.3 windows,
respectively. b. Cumulative bifurcation curve basedthe Kabini 500-m dataset showing
knots based on a 0.3 window (the 0.34 knot based @2 window had & value of 0.067
and a knot at 0.56 was seen).
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Observed group sizes and the effect of group sizAlaand network statistics in random
networks

The average group size in the Kabini population s@msill, with 2.38 females per group
(Table 2, median=2) and the group size distributi@s skewed to the right (Figure 8). A
comparison of group sizes across populations shaweé to have a significantly smaller
average group size than that in Kabini, the Kab@0-m dataset and Uda Walawe to have
similar group sizes, and Samburu to have a sigmiflg larger group size than the Kabini

500-m and Uda Walawe datasets (Welch’s two-sanegks,tTable 2).
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Figure 8. Group size distributions in the origiKalbini population and in the Kabini 500-m

dataset. The absolute frequencies are shown inl&upptary Material 8.

As mentioned above (Methods), we created randoasdtt to examine the effect of group
size on Al and network statistics. With the excaptof some values at very small group
sizes, the three different beta distributioos 1, /=9.5; a=1, /=7; a=2, /=9) of group sizes
did not significantly change the expected valuébbr network statistic considered under
random association (Figure 9). Under all three dettibutions of group sizes, the average
expected Al increased linearly with increasing ager group size, the average degree and
average clustering coefficient increased and plegavith increasing average group size,
and kurtosis of Al, and average path length deeckagith increasing average group size
(Figure 9). The higher average Al in Samburu comgdo the Kabini 500-m dataset (see

Comparison of association networks across poputatadove) was an effect of group size,
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with the average Als being similar when averageugrsizes were taken into account. The
observed average Al in both Samburu and Kabini ri08atasets were larger than the
expected average Al for the corresponding averagapgsizes to the same extenE-([
O]/E=-0.667, interval: -0.578 to -0.756 for Kabini 56Q-[E-O]/E=-0.626, interval: -0.522
to -0.730 for Samburu). The higher average Al m Kabini 500-m data compared to that in
Uda Walawe remained after accounting for the eff#fcaverage group sizeH|O]/E=-
0.014, interval: 0.085 to -0.113 for Uda Walawelthdugh kurtosis does not have an error
associated with it for a particular dataset, thghér kurtosis of Al in the Kabini 500-m
dataset compared to Samburu and Uda Walawe dide®wh to be an effect of smaller
average group size visually. The smaller averaggegein the Kabini 500-m dataset (75)
compared to Samburu (89) could be explained adfaat @f group size differences in the
two populations as the observed average degrebstinthese datasets were smaller than
the expected average degrees for the correspoasigrgge group sizes to the same extent
([E-OJ/E=0.111, interval: 0.154-0.067 for Kabini 500-m dfitq E-O]/E=0.092, interval:
0.122-0.061 for Samburu). On the other hand, thallsmaverage degree in Uda Walawe
compared to the Kabini 500-m cutoff dataset wasnagat simply a result of average group
sizes as the group sizes in these two populatiere wot significantly different from each
other (see above;EfO])/E=0.722, interval: 0.750-0.694 for Uda Walawe). Thigher
average path length in the Kabini 500-m cutoff reetwthan in Samburu (Table 2) could
also be explained by differences in average grag (Supplementary Material 9). We had
previously found the clustering coefficient in thk&@bini 500-m cutoff network to be
significantly smaller than that in Samburu (seevadobut the former was 5.5% smaller
than expected for a random network of the sameageegroup size while the latter was
11% smaller than expected for its average group. diherefore, corrected for group size,
the Kabini 500-m dataset would have a significahilyher clustering coefficient than the

Samburu population, although this difference waals(Bupplementary Material 9).

51



Chapter 2

a.
0.10 ~ [ | - 320 —e— Average Al, a=1,3=9.5
£ 300 o Awerage Al, a=1,3=7
0.08 - T 120 ~ o Awerage Al, a=2,p=9
_ — & Kabini Awe. Al
< 0.06 - - 100 ..:’3: ¢ Kabini 500-m Ave. Al
% 80 v < Uda Walawe Awe. Al
§ 0.04 L 60 é’ & Samburu Ave. Al
< S —s—Kaurtosis of Al,a=1,3=9.5
0.02 - - 40 X —o— Kurtosis of Al, a=1,3=7
' L 20 —o—Kurtosis of Al, a=2,3=9
0.00 0 m Kabini kurtosis
) m Kabini 500-m kurtosis
0 1 2 3 4 S) 6 7 O Uda Walawe kurtosis
Average group size O Samburu kurtosis
b. c
100 - o DOO 1.0 O 00O
a 5 o
80 ~ 8 0.8 -
3 2
S 60 A —m—Aw. deg.a=1p=95 @ 0.6
-O = g m
) E ﬁﬁ Sgg.n_é.ﬂ_; = —e—Awe. cl. coeff.,a=1,=9.5
S 40 - - 0€0-a=2,p= © 0.4 - o Awe. cl. coeff.,a=1,p=7
5 W Kabini g o Awe. cl. coeff.,q=2,p=9
S E Kabini 500-m © ¢ Kabini
< 20 4 a O Uda Walawe 0 0.2 - ¢ Kabini 500-m
/* - O Samburu < g ¢ Uda Walawe
/ <& Samburu
O P’ T T T T T 1 OO I T T T T T 1
O 1 2 3 4 5 6 7 0O 1 2 3 4 5 6 7
Average group size Average group size
d.
6 -
S e —e—Awe. path ., a=1,3=9.5
= 5 1 o o—Awe. path |.,0=1,3=7
@ o Awe. path |.,q=2,3=9
£ 4 - L Kab!n!
I ¢ Kabini 500-m
Q ¢ Uda Walawe
S 3 & Samburu
]
)
>
Z 2- AR
RN
1 — %T'O%%%%ow—'

O 1 2 3 4 5 6 7
Average group size

Figure 9. Al and network statistics based on 10@oan datasets of 100 individuals each,
under three different beta distributions=Q, £=9.5; a=1, /=7; a=2, /=9) of group sizes,
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and the corresponding observed values in diffgpepulations. a. Average Al and kurtosis
of Al, b. average degree of individuals, c. averelgstering coefficient, and d. average path

length, for different average group sizes. All gmeor bars are 1.96 SE.

Discussion

Social structure in the Kabini population

Based on the first quantitative data on socialcstme of female Asian elephants from India,
we found highly non-random associations betweenafes) with the association network
being clearly demarcated into communities that ak dans. That there were only seven
associations between clans during over five yaaggests that the clan is the most inclusive
level of meaningful social structure in the Kalgpapulation. Using the Louvain method of
clustering, we found up to three hierarchical lsvef clustering. However, there was
variability in clan structure, with 38% of the ctaseen over 40 times showing a single level
of clustering, 56% showing two levels of clusteriagd a single clan showing three levels.
Clans with a single level of clustering were small@an those with more than one level. It is
not clear whether the clans with a single levelchfstering represent those that have
undergone recent permanent fission, whether thglesitevel arose from demographic
factors (sedmplications for Asian elephant social structwsection below), or whether it
arose from clans not being fully identified. While last is possible, it is not very likely as
we used a 40-sighting cutoff for clans (as we hadhdl, based on clans sighted over 150
times, that 95% of the clan members were sighteavenage within the first 40 sightings of
the clan and 92% within the first 30 sightings).wéwer, given small group sizes, a large
number of sightings may be required to uncovethalassociations. It would be interesting
to examine the attributes, other than clan sizeclahs showing different levels of
hierarchical clustering in order to understand difeerences in clan structure. In keeping
with the highly modular social network, only a shfehction of Al values were non-zero
because of the lack of between-clan associatiomstlee Al distribution was highly skewed.

The clustering coefficient was high because of eations within clans.

Comparison of social structure across populationd ¢ghe role of group size
Asian and African savannah elephants were initilught to share largely similar social
organisations (Eltringham 1982, Sukumar 1989, 2088psequently, they were found to
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differ in their social structure (de Silva and Wittyer 2012), with larger groups and
stronger associations within and across groupsdrfrican savannah elephant. Indeed, we
also found from our study that the Samburu soocévork was more connected than the
Asian elephant networks (Uda Walawe and Kabini B)0The Kabini 500-m network was
intermediate in network statistics, such as avedmggee, average distance-weighted reach,
clustering coefficient, and path length, compared those of Samburu (which had
significantly higher values of these statisticsgapt for path length which was lower) and
Uda Walawe. The network structure curve and cunwaabifurcation curve from the
Kabini 500-m network were more similar to those dsh®n the Uda Walawe network
compared to those based on the Samburu networldés&idva and Wittemyer 2012). The
cumulative bifurcation curve was concave-up, intiigpa smaller number of linkages at
small linkage distances (tight associations) thdnlaage linkage distances (loose
associations). Although the average Al from the iKeb00-m dataset was significantly
larger than that from the Uda Walawe dataset, theigiributions were also more similar to
each other than to the Al distribution from the $anu dataset. However, contrary to
previous finding that kurtosis was higher in Afmcaavannah than in Asian elephants (de
Silva and Wittemyer 2012), we found that the kudasf the Kabini 500-m dataset was
higher than those of both Samburu and Uda Walawellptions (Table 2). This difference
was seen despite the higher absolute values ofnrA&amburu compared to Kabini. Since
kurtosis measures the heaviness of the tail cordparé¢he normal distribution, this result
reflects the difference between the average AlAlsdn the tail of the distribution, and not
the latter alone. Visual comparison of the origitbini dataset's network with the
Amboseli (in which associations had been recoradsdesvhat similarly, see Archiet al
2006) network showed a more connected network enAimboseli population with no Al
cutoff, but similar networks in Kabini and Ambosati Al cutoffs of 5% and 10% (Figure
1). However, in the absence of access to the Anfibosevork data (of Archie and Chiyo

2012), we were not able to make any further conspas.

Despite the above differences between the SambfricaA savannah elephant and Asian
elephant populations, we found through Louvain telisg that there was hierarchical

structuring within social networks in the Kabinigkini 500-m dataset), Uda Walawe, and
Samburu populations. Since the cumulative bifuocatiurve combines data from across the
clustering dendrogram, variation across socialsumtAls and unequal tiers across social

units do not allow for hierarchical structure todetected (also see de Silva and Wittemyer
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2012), which the Louvain clustering algorithm cataver. The number of communities
after hierarchical rounds of clustering were simdaross populations. Although Samburu
often showed a third round of clustering (Uda Waaemetimes showed a third round and
Kabini did not), this only resulted in a small cganwith nine communities changing to
eight after the third round. Community sizes wem significantly different across

populations, both at the first and second levéhiefarchical clustering. There was also no
difference across populations in the relationst@peen second-level community sizes and
the number of first-level communities within secdadel communities (Figure 6). Results

from these analyses suggest some basic similaiitiesocial structure across elephant

populations.

We show that some of the differences in socialctting arose from differences in group
sizes across populations. When we tried to acctourthe effect of group size on Al and
network statistics by obtaining expected valuesgisieta distributions of group sizes and
random associations of individuals, and matching élxpected and observed values for
given group sizes, we found that the higher averAbgend higher average degree in
Samburu compared to Kabini (Kabini 500-m datasetyse from different average group
sizes in the two populations. Average path lengils also similar when corrected for group
size. The clustering coefficient in Samburu was |lEnahan expected (11%) at the
corresponding group size compared to that in Kadiabini 500-m dataset; 5.5% smaller
than expected), but the extents to which they ditfevas not much. We used 1.96 SE as the
95% confidence intervals for comparisons of theeoled and expected values. It is likely
that the errors and, therefore, the overlaps itistitzs between populations would actually
be larger. Therefore, the tests are conservativejtas possible that group size differences
account for more of the social structure differenttean we suggest.

Group size has previously been well-recognized @es of the most important factors
affecting social behaviour, through competitionfesources and increased travel costs (van
Schaiket al 1983, Milton 1984, Terborgh and Janson 1986, ud¥88, van Schaik 1989,
Wranghamet al. 1993, Chapmaet al. 1995, Chapman and Chapman 2000, see Koenig
2002), and lowered predation risk (van Schaik 19889, van Schaik and van Noordwijk
1985, Terborgh and Janson 1986, Steetlal 1997). Ecological constraints may lead to
smaller groups (for example, Jarman 1974, Wrangli®80, Wranghamet al 1993,
Chapmaret al 1995, Janson and Goldsmith 1995), resulting fferdinces in group sizes
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and associations within species across populafsees Chapman and Rothman 2009). The
difference in group sizes between the Samburu pgipal and the two Asian elephant
populations probably relate to differences in eggland more specifically to food resource
distribution. Female associations in elephants wseful in cooperative offspring care
(Gadgil and Nair 1984, Lee 1987, Lee and Moss 2¥idya 2014) and the acquisition and
exchange of information (Mc Comdxt al 2001, 2011, Mutind&t al 2011, Chiyoet al
2012, Fishlock and Lee 2013), but could resultéading competition depending on the
habitat (also see Fernando and Lande 2000). Asphants typically inhabit moister, more
forested habitat than African savannah elephamsl, @ossibly face more challenges
obtaining food. African forest elephants, which abit wetter and denser habitats, with
ephemeral and patchily distributed resources (Bl2B82), than the Asian elephant on
average, show even smaller group sizes (Turgbél 2013, Schuttleet al 2014, see Table
2). Social organisation in the African forest elaphis thought to be limited to nuclear
family groups, although they may associate withrarédr number of associates in forest
clearings (Turkalo and Fay 1995, Fishlock and Le&32 Turkaloet al 2013). The social
network in the Lopé African forest elephant popolat(Schuttleret al 2014) was highly
disconnected compared to the association netwas&dban the original Kabini data. Adult
elephants rarely face predation except from humaurtdjons occasionally prey on calves in
Samburu (Wittemyeet al 2005b) and tigers occasionally target calvesomttsern India
(personal observation). Turkalo and Fay (1995) eatgyl that, apart from the patchy
distribution of food, low predation by humans mightplain the small group sizes of
African forest elephants compared to African saadnelephants that have faced high
poaching pressure. Elephants in Sri Lanka haveoriislly suffered drastic declines in
population size from human depredation, but culyetite leopard is the top predator in Sri
Lanka and does not pose a threat even to calvesafi@o and Lande 2000), unlike the tiger
in southern India. Despite differences in predattbere was no difference in average group
size between Kabini (Kabini 500-m dataset) and Wdawe.

As pointed out by several authors (Strier 1994,zkjnand Cunningham 1994, Struhsaker
and Leland 1979, Aureket al 2008), flexible social grouping is probably ma@mmon
amongst vertebrates than previously believed, hatktis a continuum of different extents
of fission-fusion dynamics (Aureét al 2008), which allow for a balancing of the cogstsl a
benefits of group-living in various species (Kumni&71, Milton 1984, Goodall 1986,
Nishida and Hiraiwa-Hasegawa 1987, Stammbach 1B8npar 1988, Symington 1988,
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1990, van Schaik 1989, Whiteheatlal 1991, Chapmaet al 1995, Boesch and Boesch-
Achermann 2000, Connat al. 2000, Rubenstein and Hack 2004, Wittemseal 2005a,
Smith et al. 2008, Asensieet al 2009, Kerthet al 2011, Parraet al 2011, Baderet al
2016). Both Asian and African savannah elephantafesn show high fission-fusion
dynamics but there are differences in Al and nekwstatistics and cumulative bifurcation
curves between populations. If they had to be coethto the modal types of multilevel
organisations (see van Schaik 1999, Griuter andezi@f04) based on these analyses, the
social structure of the African savannah elephaotild/ correspond to the flexible nested
society (according to Gruter and Zinner 2004) erdetween the strict nested and flexible
nested multilevel societies, while that of the Asielephant would correspond to the
classical fission-fusion society (with the lowevé¢ flexible and the higher level stable) or
lie between the flexible nested (with the lowerdestable and the higher level flexible) and
the classical fission-fusion society. Nestednessdmt seem to be complete in the African
savannah elephant since partial or whole core growgy associate together to form a larger
unit, and single females have a choice of assagati not with their family group members
(Moss and Lee 2011, Archie and Chiyo 2012). Howesi@agle females are very rarely seen
in African savannah elephants (Moss and Lee 20Afjcan forest elephant social
organisation has been previously compared to thieidtual-based fission-fusion society of
chimpanzees (Schuttlet al 2014). Although these would be the classificatitiased on
Al, network statistics, and cumulative bifurcatioarves, we find that there are underlying
similarities in network structure between the Adnc savannah and Asian elephant
populations based on Louvain community detectione Tifferences observed seem to
emanate from group size differences. The average dfifirst-level communities obtained
from Louvain clustering is similar to the averageup size in Samburu, while it is about
twice the group size in Uda Walawe and Kabini (Katti00-m dataset). This allows for
individuals of a first-level community to potentiabe part of the same group, resulting in
high Al values, and nestedness to be easily reairs&amburu. This also results in lower-
level social units such as the family/bond groumdpestable units (see Wittemyet al
2005). On the other hand, when group sizes areiatest, only subsets of the first-level
community can associate together, resulting in tofls, unstable lower-level social units,
and a less-nested appearance, as in the Asianaalgpbpulations. This would suggest that
the multilevel social structure observed in theafiselephant is a derived condition due to
restricted group size (see ‘Route A’ of Auretial. 2008), compared to that observed in the
African savannah elephant. It is also pertinenpaot out that the smaller the group size,
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the longer the study period required to observécsemt associations between individuals
in order to interpret social structure in a spest@swing fission-fusion dynamics. Thus, it is
very important to carry out long-term studies ilsgpecies. It is possible that the African
forest elephant too may show some underlying conystructure, although the number
of observations required in that case would be déaeger, given the small group size. It is
interesting that the average first-level and sederdl community sizes were not different
across elephant populations, indicating that tmeight be something fundamental about
these sizes. It is possible that demographic pseseplay a role in these community sizes
(for example, Blumstein 2013, Schradin 2013, Ma&bimChaparret al 2015). It has also
been suggested that cognitive abilities may coimstree sizes of social groupings because
knowledge of complex social relationships mightdpecial for group-living (the ‘social
brain’ hypothesis, Byrne and Whiten 1988, Dunb&2,9.998).

That group size and social structure are intertinkas been obvious (see Terborgh and
Janson 1986). Grouping patterns allow for intececopportunities, thus resulting in the

social structure seen (van Schaik and van Hoof319&rborgh and Janson 1986, Janson
1992, Bourke 1999, Aureét al 2008, Chapman and Rothman 2009). We show howalsoci
structures uncovered by traditional Al and netwsidtistics in fission-fusion societies may

differ primarily because of group size differenc&bus group size differences may mask
underlying similarities in the social structures related species showing fission-fusion

dynamics, which can be uncovered by hierarchicahmanity detection. Griter and van

Schaik (2010) have also pointed out that modulasted multilevel) societies require

ecological conditions that allow large groups tonfp and found that both social factors

such as bachelor threat and ecological factorsénigcramble competition in non-modular

species) may have led to modular sociality in Asialobines. Group sizes were shown to
have an effect on network statistics in whales,cwHiormed smaller groups when food

resources were scarcer. However, they also fouadthe change in network statistics in

times of food scarcity remained significant evetemafgroup sizes were accounted for
(Fosteret al 2012).

Implications for Asian elephant social structure

Despite broad similarities, it appears that theeeadso some differences in Asian elephant
social structure based on the limited detailed @mmspn between one Sri Lankan (Uda
Walawe) and one southern Indian (Kabini 500-m ddjagsopulations. Network statistics
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corresponding to the number of associates of fegsn@egree) and reach to other females
were higher in the Kabini population (Kabini 500dataset) than in Uda Walawe. Thus the
social network was more connected in Kabini (KaB@0-m dataset; higher percentage of
non-zero Al) compared to Uda Walawe and the avefdgeas higher in the former. Group
sizes were not different between the two populatigabini 500-m dataset and Uda
Walawe), therefore, these differences did not dri@@a group size differences. It is possible
that the lower levels of cohesiveness in the UddaWa population arose from extensive
historical disturbance in Sri Lanka, with thousamdselephants having been hunted and
captured during the 1800s and early 1900s (see Md&¥3, Lorimer and Whatmore
2009), and the elephant population being decimadeshly about 1500 individuals by the
mid-1900s (see McKay 1973). By one estimate, astldd,000 elephants were hunted,
exported, or died in captivity during the ™M%entury, changing the behaviour and
demographics of elephants on the island (see Lorand Whatmore 2009). The British
hunted and captured elephants in southern Indg big it appears that the numbers caught
were very small and there was no decline in pomratize, unlike the decline in Sri Lanka
(Sanderson 1879, pp. 68-69). Moreover, khheddahmethod used for capturing female
elephants in southern India (including in part af etudy area, Nagarahole National Park)
resulted in the entire group being captured ratthen isolated individuals (Sanderson 1879,
pp. 70-73; the pit method, in which single elepkdetl into concealed pits, was also used
for a short period, especially by the Mysore Mafaraut given up after his death according
to Sanderson). Therefore, female social organisaticsouthern India was probably not as
impacted as that in Sri Lanka. Although unrelaiadles from decimated surviving groups
are known to associate together to form social ggan elephant populations subject to
anthropogenic mortality (Eltringham 1977, Eltringhand Malpas 1980, Nyakaaea al
2001, Charifet al 2005, Vidyaet al 2007, Wittemyeret al 2009), breakdown of social
structure itself may or may not change group s&realler family groups than normal had
been found in the highly poached African savannaphant populations in Tsavo East,
Queen Elizabeth, and Mikumi National Parks (seeKdgaaet al 2001, Gobustet al
2009), and heavy poaching was also thought to madlaced associations and affected
social network structure in Lopé, Central AfricaciiBttleret al. 2014). Decimation of the
population may increase group size where the hadilitaws it, but if there is a resource-
based constraint on group size, network cohesigergedikely to decrease (because of
associates being killed) while the group size malyainange. We think that this might be
the likely scenario in Uda Walawe, in which the rage group size is not different from that
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of the Kabini population (Kabini 500-m dataset)t the average degree, average clustering
coefficient, and density are lower (Table 2). Reé@thropogenic disturbance appears to be
similar in Kabini and Uda Walawe. In both placeams were built in the late 1960s-early

1970s, submerging forest land and creating resertioat elephants now use.

As mentioned previously, associations in the Uddawea population had been defined
using a 500-m cutoff (de Silvat al 2011, de Silva and Wittemyer 2012), which is wigy
used the Kabini 500-m dataset for an appropriat@pewison. Apart from the distance
cutoff, groups that shared common females durindag were combined into a single
sighting, which would increase group size and @aioa network connectivity. If a 50-100
m cutoff were used and groups with shared sightwge not combined, the Uda Walawe
network would presumably be even less cohesive ithemrrently is, and consist of small
communities of females. Fernando and Lande (20@0)heir study in Ruhuna National
Park, close to Uda Walawe in southeastern Sri Lah&d used a 100-m cutoff to identify
groups during visual observations (as opposed itggusadio-telemetry) and suggested that
female social organisation was limited to the fgndvel based on family sizes of 10-20
individuals in African savannah elephants mentiobgdVilson (1975). We suggest that the
most inclusive level of female social structureAsian elephants should be called the clan.
The numbers of females in the most inclusive lavehe Kabini population were similar to
those in Samburu (Table 1), reinforcing the ‘cleather than the ‘family’ nomenclature. We
also found structuring within clans, although tlisnot easy to discern because of groups

being small.

A common property of clans in the Asian elephaeins®to be the lack of association with
other clans, despite proximity. Fernando and Laf2@90) had also found that their study
groups, which were smaller in size than the Kalslans on average (mean number of
females: 7.75 in Ruhuna, 13.31 in Kabini basedlanscsighted at least 40 times), did not
associate with other groups that shared their h@mnge. It is not clear whether the smaller
‘clan’-size in Ruhuna stemmed from the small humbkobservations, thereby missing
other associates, or from demographic factors. &are some small clans in Kabini too,
arising from deaths of females and/or a seriesaénoffspring, which do not contribute to
clan size. Although most of the single femalesiguFe 2 are from clans whose ranges are
probably at the periphery of our study area, sheth we have not yet sighted other females
from those clans, there were a few clans that \gegleted many times but continued to

60



Chapter 2

show a small number of females. The most notabtéerh included only two females and
their dependant offspring (there were older malspoing that occasionally kept in contact),
despite being sighted over 300 times. Althougham @f two might as well be called a
family group, we prefer to retain the term clan floe most inclusive grouping because the
clan seems to be the most stable unit and notaimlyf group. Despite structure within
larger clans, the extent of apparent nestedndsg/ibecause of limited group size, resulting
in individual females associating with differentrfales at different times in small groups.
These small groups may be called family groups thhetcompositions of these groups keep
changing, while (and perhaps because) the sizesimewlatively constant. Therefore, these
family groups not stable units, unlike those seetihé African savannah elephant. Al values
between females were, therefore, low, as also wbdeby Fernando and Lande (2000).
Since family groups are not the basic unit of asdmn the importance of the matriarch in
Asian elephant society is also questionable (dea®il al 2011). We do not find the nested
multitiered organisation suggested by Sukumar (128®3), with ‘joint-family groups’
(which correspond to the family groups of most othathors; a single female and her
offspring were called a family group under Sukumatlassification) and bond groups
within clans. The clans of Sukumar (1989) seemaweehbeen based on sharing a common
area, as suggested initially by Moss and Poole3)L98e find that different clans use the
same general area but do not interact positivebni€ et al (1987) and Baskaragt al
(1995) had referred to females that showed coorglihanovement as clans, but had not
provided any further details or examined clan stne Our clans seem to correspond to the
‘herds’ of McKay (1973), who studied elephants autheastern Sri Lanka. McKay (1973)
described fission-fusion between subunits of thed heith a turnover of herd subunit
composition. The herd was the most inclusive uhifemale social grouping, and herds
remained distinct from one another even when fegtirthe same area, which is what we
also find. Thus, female Asian elephant social $tmecin southeastern Sri Lanka and Kabini
seem similar, although clan sizes may be smallénerformer. Herd sizes found by McKay
(1973; 15-40 individuals) were larger than thosenfib by Fernando and Lande (2000; 7-24
individuals) but smaller than those we found (irdeartile range: 17-40, maximum: 83
individuals). McKay also seems to have used digtantoffs of about 100 m because he
describes part of a herd that is 150 m away a#ferelt subunit. Although it is possible to
find extended networks using a 500-m distance €uwé do not think that this is
meaningful because of the behaviours observed @nfigld. Moreover, most of the
association strengths of associations obtainedsingtthe larger distance cutoff were low.
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Based on our original data, only 1.1% of the Alueal lay above a 10% Al cutoff. This was
4% in the original dataset with females seen aitl@a times. Although the percentage of
non-zero Al values rose to 69% in the Kabini 50@ataset (Table 2), the percentage of Al
values above a 10% Al cutoff was low (7.8%) in thetaset also, resulting in similar
network structure curves (Figure 4a versus 4b).régating sightings over the day also
inflates group size and does not reflect the actoatpetition faced by individuals while
feeding within a group. It is interesting that ditmdings most closely match those from one
of the first studies describing social structurefiee-ranging Asian elephants (McKay
1973). We suspect that this is because McKay's JL93tudy pre-dated detailed
observational studies of social structure in theicdh savannah elephant, preventing any
desire to compare social levels found in the Aglkaphant to those of the African savannah

elephant.
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Supplementary Material

Supplementary Material 1. Map of the study areag@¥ahole and Bandipur protected area

boundaries shown) and the larger Nilgiris-Eastefimat& landscape, showing areas of

elephant distribution, and elephant reserve boueslafhe northern elephant reserve is the

Nilgiris-Eastern Ghats Reserve and the smallerthgon one is the Nilambur-Silent Valley

Coimbatore Reserve. The landscape map is basedidya ¥t al (2005) and AERCC

(1998). Inset: map of India with approximate elegldistribution shown in black (based on

Vidya 2004).
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Supplementary Material 2. Change in group compms#icross time.

Based on elephant sightings from the year 200%mhle associations, in which all adult
females were identified and data on the time oividdals joining or leaving a group were
available, we plotted a frequency distribution ¢fe tnumber of changes in group
composition seen at varying lengths of time (segife 1 below). We found that from 135-
165 minutes, there were roughly as many groupsctieged in composition as groups that
did not change in composition and, therefore, uds@ minutes (2.5 hours) as the time cut

off when a sighting would be considered an indepahdighting.
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Supplementary Material 2, Figure 1. Frequency &eint numbers of group composition
change events for female elephant groups seen ifteresht lengths of time. Zero
corresponds to groups that did not change in coitiposduring the time they were

observed.
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Supplementary Material 3.

We tested for preferred associations by randomiynpgng the association data following
Bejderet al (1998) and Whitehead (2008, pg. 127-128). Perouis were carried out in
SOCPROG 2.4 (Whitehead 2009), retaining the tatatlver of sightings of each individual
and the original group sizes of sightings. A 15-daynpling period was chosen and groups
were permuted within samples. As suggested by \Idteé (2008), we used the mean Al
and proportion of non-zero Als to detect short-tgmaferred associations, and the SD and
CV of Als and the SD of non-zero Als to detect laagn preferred associations. The CV is
thought to be a better statistic than SD for losgrt preferences though (in the presence of
short-term preferences, which may lower SD andntiean). Significantly lowerR<0.05)
mean of real Als than that of permuted Als indisas@ort-term (within sampling-period)
preferences in association and significantly higiier0.95) SD and CV of real Als than
those of permuted Als indicate long-term (betweeming-period) preferences in
association. It is, therefore, possible to findgdgarm preferences (indicated by significantly
higher SD and CV of real Als than permuted Als) batshort-term preference (mean Als
of real and permuted data not different) ande versausing the permutation test. A
significantly lower proportion of non-zero Als ihd real data than in the permuted data
indicates avoidance of some individuals by otharghie short term. Permutations were
carried out using 20,000 permutations, with 1,008k fper permutation since thevalues
seemed to stabilize with these numbers of pernmnstisee Table 1 below).

We observed significantly lower mean Al in the rdata compared to the permuted data,
indicating short-term preferences in associatidigere was also short-term avoidance as
indicated by the significantly lower proportion mén-zero Als in the real data compared to
the permuted data. In addition, SD and CV of relal were significantly higher than those

of permuted Als, indicating long-term preferencg@agplementary Material 3, Table 1).
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Supplementary Material 3, Table R.values from the permutation test, carried outlon t
entire original Kabini dataset, based on diffenemtnbers of permutations, using 1000 flips
per permutation. Statistically significant values enarked in bold. The observed values are

naturally the same, but are listed repeatedly fifergnt numbers of permutations for ease

of comparison.

Averaged
Number of o Observed
_ Statistic random P value
permutations value
value
5000 Mean Al 0.0057 0.0061 0.058
SD of Al 0.0486 0.0349 1.000
CV of Al 8.5751 5.7883  1.000
Prop. of non-zero Al 0.0253 0.0862 <0.001
Mean non-zero Al 0.2242 0.0743 1.000

SD of non-zero Al 0.2110 0.1009 1.000
CV of non-zero Al 0.9410 1.3534 <0.001

10000 Mean Al 0.0057 0.0063 0.039
SD of Al 0.0486 0.0295 1.000
CV of Al 8.5751 4.7217  1.000
Prop. of non-zero Al  0.0253 0.1059 <0.001
Mean non-zero Al 0.2242 0.0626 1.000

SD of non-zero Al 0.2110 0.0735 1.000
CV of non-zero Al 0.9410 1.1504 0.046

15000 Mean Al 0.0057 0.0063 0.024
SD of Al 0.0486 0.0267 1.000
CV of Al 8.5751 4.2442  1.000
Prop. of non-zero Al  0.0253 0.1146 <0.001
Mean non-zero Al 0.2242 0.0570 1.000

SD of non-zero Al 0.2110 0.0607 1.000
CV of non-zero Al 0.9410 1.0394 0.396
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Averaged
Number of o Observed
_ Statistic random P value
permutations value
value
20000 Mean Al 0.0057 0.0063 0.031
SD of Al 0.0486 0.0279 1.000
CV of Al 8.5751 4.4430 1.000
Prop. of non-zero Al 0.0253 0.1103 <0.001
Mean non-zero Al 0.2242 0.0592 1.000

SD of non-zero Al 0.2110 0.0659 1.000
CV of non-zero Al 0.9410 1.0862 0.224

30000 Mean Al 0.0057 0.0063 0.008
SD of Al 0.0486 0.0264 1.000
CV of Al 8.5751 4.2005 1.000
Prop. of non-zero Al 0.0253 0.1153 <0.001
Mean non-zero Al 0.2242 0.0562 1.000

SD of non-zero Al 0.2110 0.0593 1.000
CV of non-zero Al 0.9410 1.0292 0.469

References:
1. Bejder L, Fletcher D, Brager S (1998) A methodtésting association patterns of social

animals AnimalBehavior56: 719-725.
2. Whitehead H (2008Analyzing Animal Societies: Quantitative Methods\ertebrate

Social AnalysisUniversity of Chicago Press. 320pp.
3. Whitehead H (2009) SOCPROG programs: analyzing anisocial structures.

Behavioral Ecology and Sociobiolog@: 765-778.
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Supplementary Material 4. Networks for the origirkdbini data based on individuals

sighted at least 10 times.

AI>0.05
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Supplementary Material 5. Average (£1.96 SE) claa ef clans that showed a single social
level and more than one social levels, for all sland clans seen more than 40 times. The
median clan sizes (of all clans) of clans withragk social level and more than one social
levels were 3 and 14.5, respectively. The median sizes of clans seen over 40 times,
when clans had a single social level and more tran social levels were 7.5 and 16.5,

respectively.

25 - DOAllclans
240
204 ™ Clan seen >40 times

15 -
10 -

Average clan size

1 >1
No. of levels of clustering
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Supplementary Material 6. Louvain clustering resulpon replication.

Community detection in the Kabini 500-m, Uda Walawaed Samburu datasets did not
always yield the same communities, unlike the a#Hsthe original Kabini dataset. In the

Kabini 500-m dataset, the first-level communitiesnained the same (20 communities)
when the analysis was carried out 11 times, ands#we®nd-level communities were the
same ten out of 11 times. During one replicate, isistead of seven second-level
communities were obtained (with one community @ess4 instead of two of sizes 3 and
31, respectively). Therefore, all the results shawrthe main text are based on seven

second-level communities.

In the case of Uda Walawe, six replicates showealléwvels of clustering and five showed
three levels of clustering. At the first level olustering, eight replicates showed 16
communities with the same community sizes acrgssceges, one showed 15 communities
(with community size of 15 instead of 3 and 12)d awo showed 17 communities (one
replicate with community sizes of 4 and 17 instedd?21l, and the other replicate with
community sizes of 10 and 11 instead of 21). Thieselevel community sizes did not seem
to be dependent on the number of eventual clustelenels. At the second level of
clustering, the five replicates that eventually hidwlee clustering levels showed 10
communities each and the six replicates that had tstering levels showed 8-9
communities each (four replicates with 9 and twthv; community sizes of 17 and 6 were
observed when there were 10 communities insteaa site of 23 when there were nine
communities, and a community of size 20 was obskwleen there were eight communities
rather than communities of 7 and 13 when there wmare communities). A third level of
clustering in the five replicates with 10 commugstin the second level reduced the number
of communities to nine in the third level, with idecal community sizes as the replicates
that showed nine communities in the second levelseB on the majority from the
replicates, the Louvain clustering results showtha main text are based on two levels of
clustering with 16 communities in the first rounaded in the second round. Results shown

in Table 1 are also based on this.

In the case of Samburu, seven replicates showezk tlevels of clustering and four
replicates showed two levels of clustering. At finst level of clustering, nine replicates
uncovered 24 communities and two uncovered 25 camtres. The replicates with 24
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communities showed two kinds of group composition$h a community of size 8 instead
of communities of 4 and 4, and communities of 3 @nstead of one of 9 (seven replicates
with the former sizes and two with the latter sjz&e replicates with 25 communities had
community sizes of 4 and 4 instead of 8, and 3Gams$tead of 9. After the second round of
clustering, 9 and 8 communities were found in fieplicates each, while 7 communities
were found in one replicate. There were three @iffe community compositions in the
replicates with 9 communities (one composition odng three times and the other two,
once each) and four different community composgionthe replicates with 8 communities,
with slightly different community sizes. Of the sevreplicates that showed three levels of
clustering, five uncovered 8 communities and onghaacovered 6 and 7 communities,
respectively. There were three different communodynpositions in the five replicates of 8
communities, one composition occurring in threeliceges and the others in one each.
Based on the majority from the replicates, the lasnclustering results shown in the main
text and Table 1 are based on three levels oferngf, with 24 communities in the first
round, 9 communities in the second round (withrttosst frequent community composition),

and 8 communities in the third round.
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Supplementary Material 7. Average linkage dendnogisased on the original Kabini

dataset. Names of the females at the bottom areeadaible because of the large number of

females N=330).
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Supplementary Material 8. Frequency distributiohgm@up size based on a) the original

Kabini dataset and b) the Kabini 500-m dataset.
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Supplementary Material 9. Observed 6% CIl) Al and network statistics, expected

averages based on 100 random datasets of 100duodisieach, with three different beta
distributions @=1, £=9.5 for Kabini, a=1, /=7 for Uda Walawe, andr=2, =9 for

Samburu) of group sizes, sample sizes for thessitatinder consideration, and proportional

differences of the expected (E) and observed (&jssits. The last column has an interval
with (E - lower 95% CI of O)/E and (E - higher 952% of O)/E. Sample size was the

number of pair-wise associations for Al, the numbifemales for degree, the number of

females with degree>2 for clustering coefficiemiddahe number of paths, both direct and

indirect, between females for path length.

Ave.

Population . Obs. ave. Al Exp. ave. Al N (E-O)/E interval
group size
Kabini 500-m 3.16 0.034*0018 0.020 5886 -0.578 -0.756
Uda Walawe 3.07 0.019+0019 0.019 5460 0.085 -0.113
Samburu 5.03 0.049+0032 0.030 5995 -0.522 -0.730
Population Ave. . Obs. Ave. Exp. ave. N (E-O)/E interval
group size degree degree
Kabini 500-m 3.16 74.953%661 84.29 109 0.154 0.067
Uda Walawe 3.07 22.52+266 81.05 105 0.750 0.694
Samburu 5.03 88.82+989 97.86 110 0.122 0.061
Population Ave. ' Obs. ave. clust. Exp. ave. N (E-O)/E interval
group size coeff. clust. coeff.
Kabini 500-m 3.16 0.816:011 0.86 109 0.067 0.043
Uda Walawe 3.07 0.63t025 0.83 105 0.268 0.208
Samburu 5.03 0.8®+007 0.99 110 0.117 0.102
. Ave. Obs. ave. path  Exp. ave. :
Population group size length path length N (E-O)/E interval
Kabini 500-m 3.16 1.316:012 1.15 5886 -0.130 -0.151
Uda Walawe 3.07 2.01t020 1.16 5460 -0.766 -0.800
Samburu 5.03 1.18+010 1.02 5995 -0.151 -0.171
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Seasonal Variation in Female Asian Elephant Sdstalicture

in Nagarahole-Bandipur, Southern India
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Abstract

Fission-fusion dynamics allow for individuals toatlevith spatio-temporally changing food
resources, with groups of a larger community fugoggether when resources are abundant
and splitting away when competition for resourcesigh. Therefore, seasonal changes in
resources may affect group sizes and associatinasdieties showing such dynamivge
examined the seasonal variation in group size awaals structure of female Asian
elephants, which show high fission-fusion dynamicsa population in southern India.
Associations were non-random, forming social neksawrith clear communities (clans) in
both dry and wet seasons. At the level of the patprl, we found an effect of season on
group size and female associations. Females wedesi in larger group sizes and
associated with more uncommon females in the dag@e When associations amongst
common females were considered, however, a greateber of stronger associations were
observed in the wet season. There were no consgstasonal differences when associations
of clans were separately compared across seasopslaBon level results, obtained by a
combination of results from different clans, maydtbe misleading in this regard, as clans
are the relevant social units. This has importanplications for the interpretation of
previous population-level results seen in this g®ecFemale associations showed some
temporal stability, with association indices bemgderately correlated across consecutive
seasons and years. Group sizes were similar aclarss, even though clan sizes were quite
different, indicating a restriction on group sizmssibly due to resource distribution. In
spite of this restriction, most clan-mates showed, | non-zero associations amongst
themselves rather than very strong associations aismall set of individuals. So they
formed small groups which were fluid, with changiregher than fixed associates. These
extended associations hint at a benefit to somaglisvith other clan-mates, and fission-
fusion dynamics in this population appears to bmemans of associating with different
individuals while holding group size relatively &tant, rather than solely a means of

increasing or decreasing group size itself in respdo ecological factors.

Keywords
Asian elephant, social organisation, group sizeg@ation network, seasonality, multilevel

society, fission-fusion.
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Introduction

Ecological factors and individual relationships magriously affect social structure and
group size, and understanding the roles of thederfain shaping animal societies has long
been a central objective of mammalian behavioueakarch (Crook and Gartlan 1966,
Eisenberget al 1972, Clutton-Brock and Harvey 1977, WranghamO19@n Schaik 1989).
Ecological conditions can lead to societal diffeesdepending on the relative advantages
of group living, such as reduced predation riskn($8ghaik 1983, 1989, van Schaik and van
Noordwijk 1985, Terborgh and Janson 1986) or irgedareproductive success (Emlen
1973, Packer and Pusey 1995, Cant 2000, Patkar 2001, Silket al. 2003, but also see
Silk 2007), vis-a-vis the costs of feeding togethespecially during periods of low food
availability (Jarman 1974, Wrangham 1980, Mitchetllal 1991, Wranghanet al 1993,
Janson and Goldsmith 1995, Bartenhal 1996, Koeniget al 1998, see Chapman and
Rothman 2009, Fostet al 2012, Wittiger and Boesch 2013). According toisecological
theory, within-group feeding competition is a magmst of group living (van Schait al
1983, Terborgh and Janson 1986, Dunbar 1988, vhails¢989, Wrangharet al. 1993,
see Koenig 2002), and the ecological-constraintdehposits that the additional travel large
groups must undertake to meet their energetic reopgnts would limit group size (Milton
1984, Wranghanet al 1993, Chapmaat al. 1995, Chapman and Chapman 2000). Fission-
fusion dynamics are thought to be a solution tolidgawith food competition during
varying resource availability, with groups fusirggéther when resources are abundant and
splitting away when competition within groups fesources is high, thus altering the costs
and benefits of group living by changing spatiopenal cohesiveness (Kummer 1971,
Dunbar 1988, Symington 1988, Strier 1992, Chapn8801Chapmarmt al 1995, Connor

et al 2000, Wittemyeret al 2005, Aureliet al 2008, Smithet al 2008, Asensiet al
2009). However, the effect of ecology on group sizesocial structure is not entirely
straightforward since substantial flexibility hasem observed within and between
populations of species showing high fission-fusipmamics (see Strier 2003, Aurel al
2008). In this context, we examined female sodialcsure and group size in an Asian
elephant population to find out how stable or Maleathey were across seasons and years.
Group size is the number of individuals (or sulidendividuals, females as in this paper) in
a group of animals sighted. Social structure isphterning of associations or interactions
of individuals (or subset of individuals) in thecgsty. Societies with high fission-fusion

dynamics may be structured into socially meaninghtities such as communities or clans,
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but since members of such entities do not remaether all the time, group sizes will often
be smaller than community sizes. We find an eftddeason on social structure and group
size at the level of the entire social network/dapon, but stability at the level of
communities within the social network. We suggéstt fission-fusion dynamics may be a
means of maintaining multiple associates under itiond of constant but constrained group
sizes, rather than solely a means of increasirtgoreasing the group size itself in response

to ecological factors.

Elephants inhabit ecologically diverse habitats dechale elephants live in societies
characterized by high fission-fusion dynamissr{suAureli et al. 2008). African savannah
elephants l(oxodonta africanp show larger group sizes than Asian elephakiephas
maximu$ in secondary or deciduous forests, and the |attew larger group sizes than
African forest elephantd_¢xodonta cyclotisand, possibly, Asian elephants in rain forests
(de Silva and Wittemyer 2012, Turkakt al 2013, Schuttleret al. 2014, chapter 2),
suggesting that ecological factors affect grougsiacross populations/species. Resource
availability has been shown to affect within-popida female group size and social
structure in the African savannah elephant, withugs being larger in the wet season than
in the dry season and social cohesion decreasinggdthe dry season (Wittemyet al
2005, de Silva and Wittemyer 2012). The Africare&irelephant faces a different resource
distribution regime, with fruits being ephemeratgmatchily distributed spatio-temporally
(Blake 2002) and, while its effect on group sizes Imot been reported, visitations by
elephants to the Dzanga Bai forest clearing didghaiw any seasonality (Turka&i al
2013). In another study, in Lopé, Schuttéral. (2014) showed that there were no clear
seasonal differences in African forest elephantatatetworks. The effect of ecological
factors on social structure within Asian elephaapylations has not been clear. McKay
(1973) found little seasonal effect on group sireSri Lanka. More recently, de Siled al
(2011), in a large, quantitative study of socialisture, found that female social structure in
Uda Walawe, Sri Lanka, was not influenced signiftbaby seasonal differences. Female
group sizes were not significantly different betwelee dry and wet seasons (de Sival
2011, de Silva and Wittemyer 2012) and neither waseasure of social associations
different between the two seasons (de Silva andewiier 2012). However, Sukumar
(2003) reported larger group sizes during the sgeeet season and dry season than in the
first wet season in a southern Indian populatiom.sHggested that larger group sizes during
the dry season probably ensued from elephants egating near water sources and,
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therefore, encountering one another more frequg@ijkumar 2003). Although plausible
when considering only members of socially meanihgfutities (communities or clans),
congregations themselves may not represent sudiegnas different communities might
utilize the same resource even if they are otherwm®n-interacting or negatively
interacting. Therefore, long-term data on identifiadividuals are required to detect the
effects of seasonality on group size and sociaicgire. We examined whether groups,
defined as sets of identified females and theimgpthat showed coordinated movement or
affiliative behaviour (see chapter 2, Methods), avef significantly different sizes across
seasons in Nagarahole and Bandipur National Pawk§ myer Reserves, southern India, and

whether there were differences in social structiuneng this time.

We did not have an priori expectation about the effect of seasonality ougrsize (only
female group size is discussed in this paper).@none hand, although there was marked
seasonality in our study area, it was possiblettiere would be no effect of seasonality on
group size as found in elephants in Sri Lanka. I@nather hand, although the difference in
rainfall between the dry and wet months was highdéyda Walawe (about 45 and 230 mm
per month on average, respectively, see de SildaWdittemyer 2012) than in Nagarahole-
Bandipur (about 5 and 10 mm per month on averag® four study area), the absolute
rainfall was much lower in Nagarahole-Bandipur (@00 mm average annual rainfall at
the Kabini reservoir, ~1300-1700 mm in Uda Walawehich could possibly create
differences in group sizes across seasons. Howédvdrere was an effect of season on
group size, we expected to find higher group stiesg the dry season. We also expected
accompanying differences in social structure betweseasons, with greater
interconnectedness, although not necessarily ctionestrengths, between individuals
within communities (or clans, defined as the mastlusive social grouping based on
network analysis, see community identification iethbds) during the dry season. This was
because abundant resources seemed to be conadtrate Kabini backwaters during the
dry season, compared to the wet season, when ocesowere likely to be more dispersed.
We examined differences in social networks and greiges at the level of the population

and the clan.

M ethods

Field data collection
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Field data were collected as part of the KabinpB&nt Project in Nagarahole National Park
and Tiger Reserve (Nagarahole; 11.85304°-12.26089%6.00075°-76.27996° E, 644 Rm
and the adjoining Bandipur National Park and Tidggeserve (Bandipur; 11.59234°-
11.94884° N, 76.20850°-76.86904° E, 872%kin southern India (Figure 1) from March
2009 to July 2014 over 878 field days. NagarahnteBandipur comprise primarily dry and
moist deciduous forests and are separated by thenKservoir on the river Kabini (see
Vidya et al 2014). Elephant density in Nagarahole and Bamdgpunigh (AERCC 1998,
unpublished field data from the Kabini Elephantj@ct) and large numbers of elephants use
the area around the reservoir. Therefore, the smegpled was centred around the Kabini

reservoir and extended into the forests of Bandgmar Nagarahole.

The study area receives rainfall from the seassoaihwest and northeast monsoons. The
southwest monsoon usually arrives in the beginmhgune and withdraws in October,
while rains from the northeast monsoon begin inoBet and last until November or
December. Since the forest remains wet betweesdhthwest and northeast monsoons, we
considered only two seasons in a year, a dry seasora wet season. The wet season was
considered to begin one week after the southwestsoan’s onset as determined by the
India Meteorological Department (Supplementary Matel). As the study area receives
pre-monsoon showers during April and May, a weak@nsoon rain was sufficient to
transform the forest. Periods with pre-monsoon sgliswvere not included in the wet season
as these showers occurred in otherwise dry ananbaths, resulting in little surface water
becoming available. The dry season was considerbddin two weeks after the end of the
northeast monsoon, in order to ensure that thesfovas no longer wet (see Supplementary
Material 1). The annual rainfall in Nagarahole ramgrom 900-1200 mm and that in
Bandipur from 625-1250 mm (Karanth and Sunquist213&ERCC 1998), with about 900
mm being the average rainfall at the Kabini reserflmased on the Beechanahalli Dam
weather station records during the study period@plants tended to intensively use the
area around the Kabini reservoir's backwaters durine dry season and were more
scattered in the forest during the wet season. yHeaws and low visibility in the forest
made sampling during the wet season challenging),edephant sightings were, therefore,

much fewer during the wet season.

We drove along pre-selected routes from about &80to 6:00-6:45 PM (depending on
daylight hours and field permits) to record eleghsightings. Female elephant “groups”
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were identified as collections of female elephartd their young that showed coordinated
movement or affiliative behaviour, and were withig-100 m of one another (see chapter
2). Elephants within a group were said to be assing with one another. Elephants were
aged and identified (see Vidga al 2014) and sighting details including GPS locatiiata

recorded. Sampling could not be carried out dugnigrge part of 2010 because of field

permit issues, restricting some of the analysekata from 2011-2014.
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Figure 1. Map of the study area (Nagarahole anddipan National Parks, with wildlife
ranges within them), with hatching depicting theo@ximate areas with roads that were
sampled. Protected areas other than the studyaaeealso shown. Upper inset: the larger
landscape with areas of elephant distribution (@@aseVidyaet al. 2005) in grey, the study
area in dark grey, and elephant reserve bound@xikgiris-Eastern Ghats Reserve to the
north and the Nilambur-Silent Valley Coimbatore &eg to the south) in black. Lower
inset: map of southern India with elephant distitou shown in black and the Western
Ghats in grey.

Data Analysis

Associations between females 10 years or oldeerfed to simply as females in the rest of
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the paper; see chapter 2) were analysed from bolset sightings in which all the females
could be identified. If the same group was sighaétdr 2.5 hours, it was considered a new
sighting (see chapter 2). We calculated the Assiocidndex (Al) between pairs of females,
as the ratio of the number of times two femalesnd B were seen togethdX ) to the
number of times either A or B was observBH, whereN is the total number of sightings
andD the number of times neither A nor B was seen) gl@@ng and Young 1992). Analyses
were carried out on data from the dry and wet seaseparately, and on data from
individual dry seasons (2009 and 2011-2014) to esidrthe different questions. Data
manipulation and analyses were carried out usingTM¥B 7 R2004a (The MathWorks,

Inc, 1984-2011, www.mathworks.com) unless othenmsationed.

Population-level analysis of group size and sostalicture comparison across seasons

In order to compare social organisation at the fajmn-level during the dry and wet
seasons, we carried out analyses based on a siiludh, in addition to the entire data, so
that potential effects arising from differenceglie numbers of unique individuals sighted
during the two seasons could be eliminated. Theesdataset comprised 3233 sightings
during the dry seasons and 653 sightings in theseasons, in which all the females could
be identified. The total number of uniquely ideietf females were 298 and 223 during the
dry and wet seasons, respectively (330 in all). Shieset of data comprised 103 females,
which had been seen at least 15 times overall atehst 3 times each during the dry and
wet seasons (average number of sightings of theleeted females=56.9 during the dry
seasons, 11.7 during the wet seasons). We compaegdge group sizes between seasons
using the Welch’s two-sample test (Welch 1937, als® Fagerland and Sandvik 2009) and
the sampled randomisation test (see below).

We constructed association networks of females deeng the dry and wet seasons and
visualized the networks in Gephi 0.8.2 (Bast&nal 2009). These association networks
consisted of nodes, indicating females, connecyeedges, indicating associations between
females. The edges had weights, which were thegtie of associations, represented by
Al, between pairs of females. We compared the diy @et season association networks
using the average degree, average clustering ciegft] average path length, modularity,

density, and number of shortest paths for each argt\{see Wasserman and Faust 1994,
Latapy 2008). Degree is the number of edges or exdions from a node, which, in our

association network, was the total number of assegiof a female (average degree was
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averaged across all females being considered).tefing coefficient of a node is the
fraction of all possible edges between its neighbdnodes that are connected to the focal
node directly) that are actually observed (LataP§8). This represented the probability that
a female’s direct associates were themselves birassociated with one another. Average
clustering coefficient was averaged across all femavith a degree of two or higher, as
individuals must have at least two direct assosiate order for the associates’
connectedness to be measured. Path length is thieemwof edges between a focal node and
another node while traversing the shortest patlvdxt those nodes. It was, therefore, a
measure of the directness in connections betweealés in our association networks. Path
length can be calculated only between nodes thatbeareached (not isolated nodes) and
average path length was averaged over the totabeuwf paths. The number of shortest
paths is a measure of how connected the networkitis,a higher number of shortest paths
(for a given number of nodes) indicating a morensmted network. Density and modularity
are network-level properties and are the proportbmll possible edges that exist in the
network, and a measure of the extent to which gteaork can be meaningfully divided into
communities, respectively. Modularity was calcutiatsing the Louvain method (Blondsl

al. 2008), in which communities are created hieraally and iteratively, maximizing the
density of edges within communities compared t@¢hioetween communities at each stage
of the hierarchy. Al values in the form of edge gies were considered in the calculation of
modularity (Blondelet al 2008). The Louvain method was implemented usiMAd LAB
code written by Antoine Scherrer and made available the authors’ website
(https://perso.uclouvain.be/vincent.blondel/reseéocvain.html). Apart from these
network statistics, we calculated average Al, skewl, and kurtosis of Al. We compared
these network and Al statistics between the dry amed seasons using a sampled
randomisation test (Sokal and Rohlf 1981, pp. 794},7in which 10,000 permutations of
the data (by randomly assigning rows of data todifyeor wet seasons) were used to assess
the significance of the observed dry season-wesasedlifference in network statistics

compared to the differences based on permuted &gson-‘wet’ season data.

We also utilised two analyses previously used tecdiee elephant social structure, the
network structure curve and hierarchical clustexysis, for comparison of social networks
across seasons. Network structure curves (seeldeébial 2011) were constructed using
the Louvain algorithm to find the number of nongdeton communities at different Al
cutoffs (after removing edges below the cutoff)d guotting these against Al cutoff.

96



Chapter 3

Significant changes in slope in this curve weresssd using the Wilcoxon rank sum test to
compare the numbers of clusters on either sidect @oint within a moving window (see
de Silvaet al. 2011). We used a moving windows of 0.3. Since gshape of the curve
indicates cohesiveness of the social network &reifit Al cutoffs, we used this method to
look for differences across seasons and compaeeauhves using Wilcoxon’s matched-
pairs tests in Statistica 7 (StatSoft, Inc. 2004)r a similar reason, we also carried out
hierarchical cluster analysis (see Wittemgerl 2005), in which Als between individuals
were used to construct a UPGMA-based dendrogramiofof the cumulative number of
bifurcations in this dendrogram at different linkagjistances was used to identify points of
slope change (knots), by comparing the cumulativaber of bifurcations on either side of
each point in a moving window (see Wittemytral 2005). The Wilcoxon rank sum test
was used again to assess statistical significAlibde this analysis is not useful in detecting
hierarchical structuring in non-nested multilevetigties (de Silva and Wittemyer 2012,
chapter 2 of this thesis), we used it here to lemksimilarity in social structure across

seasons, comparing the curves using the Wilcoxoatshed-pairs test.

Stability/variability of clans across seasons aedng

The most inclusive communities found through thenaon algorithm were called clans
(also see chapter 2). These clans were distinot fsne another in the social network and
represented different modularity classes. Sinc¢éepet observed at the population level
need not necessarily reflect patterns observed fatea scale in the social network, we
examined whether there were changes in within-stamal structure across seasons. Upon
examining the membership of clans that were sigbtest 150 times, we found that 95% of
the clan members were sighted within the first 4ghtsngs of the clan on average.
Therefore, only clans that were seen at least #@siwere considered for clan-level
analyses. There were 16 such clans with over 4ftisgs but one of them had only two
adult females (despite over 300 sightings), prenlyianost analyses. Subsets or all of the
remaining 15 focal clans were used for analysiseddimg on the number of sightings of
these clans in different comparisons. We constduassociation networks for the 15 focal
clans and calculated the network statistics meatiabove. Clans with at least 40 sightings
overall and at least 10 sightings each in the diy \&et seasons were used for comparison
across seasons (nine clans, 76-815 sightings)ereiites between the seasons in network
statistics for the nine clans were assessed usegampled randomisation test, as described
above. We used a General Linear Model (GLM) to erarthe effect of season on average

97



Chapter 3

group size, with season as a repeated measureideatity as a random factor, and clan

size (total membership of the clan) as a covariliés was also used to examine the effect
of season on maximum group size. Group size digtabs of the nine clans were compared
using Kolmogorov-Smirnov two sample tests. KolmaysSmirnov two sample tests and

the GLM were carried out in Statistica 7 (StatSioft, 2004).

Since we found no effect of clan size on group Biam the previous analysis (see Results),
we also examined the relationship between clan @mk average within-clan Al using a
regression to confirm if limited average group siaffected associations in larger clans to a
greater extent. As group sizes were smaller than sizes, we also carried out permutation
tests following Bejderet al (1998) and Whitehead (2008, pg. 127-128) to dedey
preferred associations within the 15 focal clargaisst the null hypothesis of random
associations. Even if the previous analysis shoaedecreasing relationship between
average Al and clan size, it would not automatycathply preferred associations, in the
absence of the current analysis. These permutati@me carried out in SOCPROG 2.4
(Whitehead 2009) using a sampling period of 14 dsyshat there would be sufficient
sightings to carry out the randomisatiohke permutation test ensured that the total number
of sightings of individuals and sighting group sizemained the same as those in the
original data. The mean Al was used to detect gieomi (within sampling-period) non-
random associations (significantly lower observemlu@ compared to random values
indicate preferences), and the SD and CV of Al #&tedt long-term non-random
associations (significantly higher obseved valuempmared to random values indicate

preferences).

We additionally examined the waiting time (minimumamber of sightings) for females in
clans of different sizes to meet their clan-masessa measure of turnover in associations. If
there was an effect of clan size on the extenbofrandomness in associations, it would be
seen as a greater departure in the observed wéitiegrom the expected waiting time. The
waiting time is expected to follow a geometric dizition if females are seen randomly and
is a type of ‘coupon-collector problem’ in matherosit However, since females might not
be sighted entirely randomly by us, we did not teetheoretical waiting time expectation,
instead obtaining the expected waiting time to nodet-mates by permuting the observed
data. We created 5000 permuted datasets for eaahdian by flipping individuals between
sightings following the method of Bejdet al (1998). Pairs of sightings and a female from
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each of those sightings were chosen randomly wathetich of the two females chosen was
present only in one of the two sightings, and ealctine two sightings had only one of the

two females (see Whitehead 2008, pg. 124). Thesmlés were swapped between the
sightings so that the number of sightings, numldefemales, and group sizes could be
preserved. This operation constituted one ‘flipda000 such flips were carried out for

each of the 5000 permutations. Each permuted daibtsned at the end of 1000 flips was
used to calculate how many sightings of each fermatmk before she encountered each of
the other females in her clan. The average of di®ss females and the 2.5 and 97.5
percentiles were used as the expected values amgpated with the observed average

minimum number of sightings of females requiredtf@m to encounter clan-mates.

We examined the constancy of within-clan assoaiati@cross time by carrying out Mantel
tests (Mantel 1967) on pairs of Al matrices froorn®ecutive seasons or successive dry
seasons. These Al matrices were from focal claatsvilere seen at least 15 times during the
particular wet season dataset being compared dm&s during the other datasets being
compared. The observed correlation coefficient,(rxy of matrices X and Y =
SRHX,Y)/sqrt[S$X).S]Y)], whereSPis the cross product of the matrices &&is the sum

of squares), an& between the two matrices were calculated. Rowscahdnns of one of
the matrices were permuted to test for statissagificance in the Mantel test. Since the
permutation does not change the denominator foutaingr and actually only changes the
Hadamard productZ{y, which is the sum of the products of correspondifegnents inX
andY) of the matrices, the latteZd,served Was compared against a distributiorZadbtained
from 1000 permutations to test for statistical gigance (see Smouset al 1986). Clan
average group sizes and average Als were comparedsadry seasons of the years 2011-
2014 using repeated measures ANOVAs in Statisti€¢gt&tSoft, Inc. 2004). Since there
were insufficient data from 2010, data from 2009 &010 were not used for this
comparison, and only clans that had at least tgitisgs in each of the four dry seasons

were used (seven clans).
Results
Population-level analysis of group size and sostalicture across seasons

Dry season group sizes (average+SD=2.41+1.837,mamrF14 females) were slightly but
significantly larger than wet season group sizeer@ge+SD=2.21+1.786, maximum=18
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females; Welch's two-sample ted#=2.523,df=951.1, P=0.012; sampled randomisation
test, P=0.004). The group size distributions for the tweasons were also statistically

significantly different (Kolmogorov-Smirnov two sghe test,P<0.05, Figure 2).
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Figure 2. a) Group size distributions based orgadlips and b) Al distributions based on

103 common females, during the dry and wet seasons.

Figure 3. Social networks based on only the 103rcsomfemales (seen at least 15 times)
during the a) dry and b) wet seasons. Networksthasdhe entire dry and entire wet season

datasets are shown in Supplementary Material 2ouslof nodes indicate different clans.
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Because not all females in each clan were seemiEs t some of the clans are represented

by disconnected individuals in the networks above.

Social networks from the dry and wet seasons loakedlar (Figure 3, Supplementary
Material 2) and comprised clearly demarcated madythased communities that we call
clans (see chapter 2). Associations between femake highly non-random in both
seasons, being limited almost exclusively to theesalan. Therefore, the proportion of
individuals that did not interact was very high.eTproportion of non-zero Als was 2.9%
during the dry season and 2.5% during the wet sesged on the entire dataset (see
Supplementary Material 3), and remained small when subset of 103 females was
examined (10.9% during the dry season, 8.5% dutireywet season). Comparison of
network statistics based on association networkenbf the 103 adult females seen in both
the dry and wet seasons showed significantly higkew and kurtosis of Al distribution in
the dry season compared to the wet season, buigndicant difference in average Al,
average degree, modularity, or other network stegisbetween the two seasons (Table 2).
If the degrees of all individuals instead of the I@males were compared across seasons, or
if the degrees of the 103 females, but includingpamtions of these females with all the
other individuals they were seen with (insteadestnicting associations to only amongst the
103 females), were compared across seasons, thagavdegree was higher in the dry
season than in the wet season (average+SD of dégreébe 103 females but including
anyone they associated with, not restricted toatier 102: dry season: 14.6+£9.04, wet
season: 9.4+6.90, Wilcoxon’s matched-pairs t&s1,24,7=8.206,P<0.001), because of the
larger number of rarer individuals sighted durihg tiry season.
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Table 2. Al and network statistics based on sigstiof the same 103 females during the dry
(no. of sightings=2656) and wet (no. of sightingésph seasons, and averages of these
statistics based on the sampled randomisationwiist 10,000 randomisation$ values

from the sampled randomisation test to test fofetkhces between seasons are shown.

Significant values are marked in bold.

Average Average

~ Average ) No. of
Average Skew Kurtosis clustering path Modu- _
Season _ degree o _ Density shortes
Al (SD) in Al  of Al coefficient length larity
SD paths
(SD) (SD)
Dry 0.013 11.1 0.92 1.73
7.378 70.62 0.791 0.109 1702
observed(0.0614) (8.02) (0.114) (1.244)
Dry 0.014 11.4 0.93 1.61
7.088 65.61 0.784 0.112 1645.1
permuted(0.0619) (8.34) (0.115) (1.097)
Wet 0.017 8.7 0.89 1.36
6.405 53.96 0.749 0.085 1238
observed(0.0744) (7.06) (0.143) (0.654)
Wet 0.014 8.4 0.86 1.42
7.327 70.43 0.785 0.083 1285.4
permuted(0.0662) (6.74) (0.146) (0.647)

P value 1.000 0.003 0.008 0.803 0.937 0.265 0.0610.785 0.300

The cumulative bifurcation curves based on theaiy wet seasons looked similar in shape
with a single knot, but the cumulative number dutmations was significantly smaller in
the dry season compared to the wet season (Wil¢cexoatched-pairs test=0.0,2=6.093,
N=51, P<0.001). The knots were shifted, at linkage distaot0.56 in the dry season and
0.38 in the wet season (Figure 4a). This arose faostightly higher number of stronger
connections (at lower linkage distance/higher Al)the wet season compared to the dry
season (Figure 4a, see Figure 2b also). The shapd#® network structure curves also
looked similar between the dry and wet seasond) litite difference between the knots
recovered in the two seasons (Figure 4b). Howelieryvet season network structure curve
was right shifted: in the wet season, a lower nunabelusters were found at the same Al
values below the knot compared to the dry seasafc@¥on’s matched-pairs test=4.0,
Z=3.309,N=18, P<0.001), while a higher number of clusters werentbin the wet season

compared to the dry season at Al values above tio¢ @Vilcoxon’s matched-pairs test:
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T=0.0, Z=4.860,N=32, P<0.001). Therefore, there was greater integritylakters in the
wet season than in the dry season (after the kim@thumber if clusters decreases because
clusters with single individuals are not plotteuerefore, a larger number of clusters reflects

more cohesiveness at those values of Al cutoff).

Modularity
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Figure 4. a) Bifurcation curves from the dendroggam Supplementary Material 4 and b)
network structure curves for the dry (open symbaitgs) wet (grey symbols) seasons, based
on 103 females sampled in both the seasons. Ircuhrilative bifurcation curves in a),
knots (black circles) were found at Al=0.56 for tthey season data and 0.38 for the wet
season data based on a window of 0.3. The actuabens of bifurcations binned in units of
0.1 linkage distance are also shown, along withctimaulative numbers of bifurcations. In
b), there was a single knot at Al threshold valti®.87 based on the dry season data and a
knot at Al threshold value of 0.35 based on the seeison data.

Comparison of group sizes and social structure iwitthans across seasons

Visually, the social networks of the 15 focal clawhile showing similarities, showed more
connections during the dry season than the webee@sgure 5). The average within-clan
Al in the 15 focal clans ranged from 0.04 to 0.52rall, with the ranges being similar

across seasons (Table 3). There was no signifidéfierence in average within-clan Al
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across seasons based on the sampled randomisastprand there were no consistently
significant differences across clans between tgeadd wet seasons in within-clan skew or
kurtosis of Al or within-clan network statisticsy@lementary Material 5). Al distributions

compared based on the sampled randomisation testshlowed largely no differences
between the dry and wet seasons, with the exceptiarfew differences at the lower end of

the Al distributions (Supplementary Material 6, 7).

0 64,6
@ 64,9

@ 741,74
@ 40,5
@ 40,1

@ 162, 30
@ 295, 89
@ 79,11
@399

O 64,12
O 383, 53
© 102, 62
@ 568, 120
® 69, 20
@ 134,2

Figure 5. Social network of 15 focal clans durihg dry (a) and wet (b) seasons. Circles
with numbers written next to them correspond tortbenber of sightings of focal clans in

the dry and wet seasons, respectively. Nodes doerea based on clan membership based
on the entire data. The nine clans with at leastigtings during the wet season were used

for comparison across seasons.

Average group sizes in the focal clans were smath 1.7-3.2 females, and similar ranges
seen across seasons (Table 3). The GLM to exaimmneftect of season on average group
size showed no significant effect of seasdm £0.0137, P=0.910) or clan size
(F1,7=0.9696,P=0.358) on average group size (see Supplementatgridia8, 9). There was
an effect of clan sizeF¢=10.0534,P=0.016, partial eta-square=0.590) on the maximum
group size, but no effect of seasdn ££1.5053,P=0.260). Group size distributions were
not significantly different between seasons in amfy the nine focal clans tested
(Kolmogorov-Smirnov two sample test8>0.1), nor were group sizes different between

seasons for any individual clan based on sampledbraisation test2¢0.05 for all clans).
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Table 3. Clan size, number of sightings, and awe(&P) of Al and group sizes for focal
clans for the overall data, dry season and wetseagart from the 15 focal clans used for
analyses, the clan with only two females is alsonshin this table for completeness. Clan
size refers to the number of females in the clahiarsometimes different between seasons
because all clan members were not sighted. Alggamap sizes are not shown for clans that

were seen fewer than 10 times in a particular cayeg

No. of
Clan size Ave. (SD) Ave. (SD)Ave. (SD)Ave. (SD}
sightings Ave. (SD)Ave. (SD] ' . '
Clan (All, Dry, Al All group sizigroup sizgroup Ssiz!
(All, Dry, Al Dry Al Wet
Wet) data Alldata  Dry Wet
Wet)
0.19 0.19 3.02 3.08
Alexandrall, 11,10 48,39,9 o175 (0.185) -  (L973) (1.897) -
0.19 0.19 2.92 2.93
Anabelle 11, 11,4 136, 134, 2 (0.132) (0.133) _ (2.066) (2.075) _
: 0.26 0.26 2.80 2.85
Fiola L 4LAa0 L goa0y (0.234) - (1.364) (1.350) -

015 015 029 208 201 264
(0.123) (0.132) (0.117) (1.356) (1.291) (1.665)
0.10  0.10 271  2.83

(0.166) (0.171) —  (1.660) (1.708) -

010 011 010 251 248 261
(0.148) (0.161) (0.131) (1.782) (1.749) (1.893)
013 014 038 242 236 260
(0.231) (0.227) (0.343) (1.364) (1.403) (1.231)

Kasturi 8,8,7 436, 383,53
Katrina 16, 16,6 45,40,5
Lisa 17,17, 17384, 295, 89

Manasi 12, 12,5 89, 69, 20

011  0.10 170 1.67
Menaka — 9,9,6 73,649 500y (0183) -  (0.720) (0.736) -
| 017  0.18 201 205
Mridula —6,6,5  70,64.6 547 (0222) -  (0.955) (0.933) -

009 010 013 261 263 250
(0.107) (0.103) (0.191) (1.793) (1.875) (1.280)
004 004 005 171 168 177
(0.100) (0.119) (0.125) (1.032) (1.064) (0.982)
007 007 024 246 246  2.45
(0.127) (0.133) (0.267) (1.630) (1.584) (2.018)
007 006 006 206 209 191
(0.106) (0.103) (0.142) (1.597) (1.613) (1.517)
Peggy 2,2,2 305,245, GD58 (NA)0.58 (NA).57 (NA) 198~ 1.58 - 1.57

X , 245, (0.494) (0.494) (0.500)
053 053 056 255 263 217
(0222) (0.229) (0.190) (1.148) (1.076) (1.467)
008 007 009 322 320 347
(0.098) (0.099) (0.138) (2.570) (2.496) (3.223)

Nakshatral6, 16, 12192, 162, 30
Olympia 21, 21, 19164, 102, 62
Osanna 20, 19, 1190, 79, 11

Patricia 21, 21, 2688, 568, 120

Tilottama 4,4,4 76, 64, 12

Victoria 32, 32, 31815, 741, 74
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Clan size and Al relationship, preferred associasiavithin clans, and time to meet clan-

mates

The average within-clan Al declined with increasirign size (Regression using 15 focal

clans: 4=-0.669,R?=0.447,F; 1510.511,P<0.006; Figure 6). Since average group size did
not change with increasing clan size (Figure &rdhappeared to be a limit on group size,
resulting in larger clans showing lower levels gbaciation. This pattern was also seen
when the nine focal clans being used for seasamalparisons were analysed separately

based on the dry and wet season data (Suppleménédeyial 10).

Permutation tests to examine preferred associatiwitbin clans showed preferred
associations by at least one test (average Al |lolnaar random, SD or CV of Al higher than
random; see Supplementary Material 11, 12) in alltivo clans. Preferred associations, if
present during the dry season, were also presamgdthe wet season (Supplementary
Material 12). The average minimum number of sigigiof females to meet all clan-mates
increased with clan size as expected (GLM usingames observed and expected values,
matched for clan, with clan size as a covariatéecefof clan sizef;1:=8.921,P=0.011,
Figure 7). However, the observed minimum numbesightings required to meet all their
clan-mates was larger than the expected valueslinsix of the 15 focal clans (Figure 7,
confidence intervals of the observed values lievalibe intervals for the expected values)
and, therefore, there was no significant differeoeerall between the average observed and
expected minimum number of sightings (GLW; ;15=0.590,P=0.456). There was also no
significant interaction between clan size and theeoved and expected minimum number
of sightings (GLM:F,:5=1.287,P=0.277). It must be noted, however, that some ef th
females did not meet all their clan-mates durireyehtire period of observation, especially
in the larger clans. Therefore, the average obdemmimum number of sightings is an
underestimate in such clans (see Supplementaryrisliai8).
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Figure 6. a) Average (x1.96 SE) and median groapssand b) average (x1.96 SE) Al
plotted against clan size for 15 focal clans basethe entire data (also see Supplementary

Material 10). The regression is shown as a dottegdih b).

30 = Expected
0
e - 2.5 percentile
g 25 -
E - 97.5 percentile
(]
E 20 | _ % o Obsenved
O
£
S 15
2
» 10 A
£
S
g 2
>
<
0 I I I I I I 1
0 5 10 15 20 25 30 35

Clansize

Figure 7. Average observed and expected minimumbeuamf sightings of females required

to meet all their clan-mates, in clans of differsistes. The 2.5 and 97.5 percentiles of the
expected values are also shown. Error bars fooliserved data are 1.96 SE of the mean.
Trendlines for the average observed (dotted liaeg) average expected (solid lines) values

are shown.
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Temporal changes in within-clan associations

Although preferred associations might exist in bs#masons without being the same
preferred associations, based on Mantel tests,ounadf Al matrices to be significantly
positively correlated between successive seas@®f(19 tests significant &=0.05, 13
tests significant using a flat Bonferroni correntiof 0.0026 for multiple tests), and
successive dry seasons (15 of 19 tests signifieaiRr<0.05, 10 tests significant after
Bonferroni correction) in the majority of the tegtsrformed (Supplementary Material 14).
The values of the correlations were mediunfr¢m about 0.4 to about 0.8, Supplementary
Material 13) and were not different between conBeewseasons or successive dry seasons.
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Figure 7. Average (£1.96 SE) group sizes (a) aratage (x1.96 SE) Al (b) for focal clans
across dry seasons of different years. Only thémesdhat were seen at least ten times in a
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particular dry season are included here. Only thees clans represented here in all four
years from 2011-2014 were used for the repeatedunes ANOVA. Data from 2009 are

also, however, shown here in these graphs.

Repeated measures ANOVA on group sizes of clansglairy seasons of different years
showed no significant effect of year on group $Ze:15=2.9129,P=0.063, also see Figure

7a), although the lack of significance was boraerliThere was also no effect of year on
average within-clan AlR31g=1.8503,P=0.174, see Figure 7b).

Discussion

Population-level versus clan-level differences @asonal effects on social structure and
group size

Our results showed some effects of seasonalityoialsstructure at the population level but
not at the clan level. Results of the populatioreleanalysis were in the direction that we
expected, with larger group sizes during the dasea than in the wet season. There were
also a greater number of connections in the sow#lvork, as reflected by the higher
proportions of non-zero Als and higher degree,rduthe dry season compared to the wet
season if all females were included in the analy$tgs higher level of connectedness
during the dry season probably stemmed from thgefanumber of rarer individuals seen
during this season, and the difference in degreapgeared when only common females
seen in both seasons were analysed. We also didinadbuniformly higher connection
strengths during the dry season. The shift in kowtrds higher linkage distance (lower Al
value) in the cumulative bifurcation curve of thes deason compared to the wet season,
and the network structure curve of the wet seasamgbright-shifted compared to the dry
season, indicated a relatively greater numberrohger connections during the wet season
and a relatively greater number of weaker connestiduring the dry season. The
observation of a greater number of weaker connestio the wet season was not an
outcome of pooling data from different years. Whenconstructed cumulative bifurcation
curves for individual years, the proportion of cuative number of bifurcations at lower
linkage distance (higher Al) was higher in the weaison compared to the dry season in
each year from 2010-2014, and was the same indaatsons during 2009.
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Although there were significant differences in graize and in cumulative bifurcation and
network structure curves between the two seasbese twas no significant difference in
network statistics such as clustering coefficigrdth length, density, number of shortest
paths, or average degree (mentioned above) bastmates common to both seasons. All
the network statistics compared, with the exceptibmodularity, are based on the presence
or absence of a connection but are insensitivalge eveight (Al values in the case of our
association networks), whereas the cumulative ¢@fion curve and network structure
curves are based on Al values. As with season&trdifces based on the cumulative
bifurcation curve and network structure curve, wend significant differences in the skew
and kurtosis of Al, which are also based on aci#alalues. Therefore, the different
analyses performed provide different kinds of irfation about social structure. Our results
suggest no population-level seasonal differenceoicial network structure based on the
presence or absence of associations between fenmaleseasonal differences based on

association strengths.

In contrast to the significant difference in graipe found at the population level, there was
no significant difference in within-clan group sizdetween seasons. There was no
consistently significant difference in network gats that clans showed between the two
seasons, similar to the population-level resultsweler, unlike the population level results,
there was no consistent pattern across clans ialstaicture based on association strengths
either. The network structure curves of focal cldimsnot show consistent patterns between
seasons. The network structure curve based on #teseason data was right-shifted
compared to that for the dry season in four cléims,network structure curve for the dry
season was right-shifted compared to that for taesgason in two clans, and the network
structure curves were not very different betweeasses in three clans (Supplementary
Material 15). Similarly, the cumulative number offupcations (in the cumulative
bifurcation curve) was smaller in the dry seasomgared to that in the wet season in two
clans, smaller in the wet season compared to thesehison in one clan, larger initially in
the wet season and then larger in the dry seasbiglaér linkage distances in two clans,
larger initially in the dry season and then langethe wet season at higher linkage distances
in one clan, and not different between the seasotisree clans (Supplementary Material
16). There was also no consistently significanfed#nce across clans in the skew or
kurtosis of Al between seasons, while there haa laegignificant seasonal difference in the
skew and kurtosis of Al at the population level.
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Therefore, population-level results may be mislegdiecause they arise as a combination
of results from different social units, which mag &ighted different numbers of times and
show different patterns individually. This has imjamt implications in terms of findings
from other studies that have examined only popatakevel changes. For instance,
Sukumar (2003) reported larger group sizes durirgsecond wet season and dry season
than in the first wet season in a different soutHadian elephant population. However, it is
not clear how groups were defined in that studyafasggregation in an area or as a social
unit that showed coordinated activities) and, ewahey were distinct social units and did
not include multiple clans, since clans were nanidied or demarcated clearly, it is
possible that there were no clan-level seasoné&rdiices in that study either. Elephants
utilizing the Kabini Reservoir during the dry season Nagarahole-Bandipur National Parks
were also described as large groups with opporégnibr social interactions among groups
(Sukumar 2003), while we actually found many diteans that did not interact positively
with members of other clans and did not changerou size across seasons. It is thus
important to discriminate between congregationsawmimals that might share the same
resource and female-bonded social groups, as tk&@lsenvironment that a female

experiences in these two circumstances can bedviéeyent.

Since we do not know of any other comprehensiva-ldael analysis of group size and
social structure in Asian elephants, we have nergplopulation to compare our clan-level
results with. Based on a single clan, BaskaranReshi (1996) had suggested differences
between dry and wet season group sizes, with theeiobeing smaller, in Mudumalai,
southern India. However, in a subsequent analystsegpopulation level, the average group
size was not found to vary significantly acrossssea or habitats (Ashokkumat al
2010). Based on population-level data, de Sdval (2011) had found similar group sizes
across seasons. Smaller group sizes from populEti@h data during the dry season
compared to the wet season were found in a studyuinuna National Park, Sri Lanka
(Katugahaet al 1999), but the seasonal effect in that study wasfounded by data
collected over 23 years during a 30-year perioth wie number of field days in years when
data were collected varying from 1-17. McKay (19d@8) not find population-level group
sizes to be affected seasonally in Sri Lanka. énlitght of our finding that group sizes at the
population-level and clan-level can show differeatisonal patterns, and that population-
level group size data are likely to be confoundgduhequal representation of different
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clans, it might be worth re-examining past findingseasonal differences in group sizes at

the population level by investigating their withglan group sizes.

Similarly, it is also important to examine sociélusture at the clan/community level in
other populations. de Silvat al (2011) carried out the only previous detailedlysia of
Asian elephant female social structure, in Uda WalaSri Lanka. They found no clear
seasonal difference in network-structure curves, lawer average ego-network (network
comprising a female and her direct associatessttatin the wet season compared to the
dry season, with larger degree and two-step readngithe dry season (although density
was found to be lower in the dry season). It is clear whether there were contrasting
results at the population and ego-network levelsabse network structure curves (which
depend on Al values) could be constructed onlyhatpopulation, and not the ego-network,
level and the network statistics calculated for-agtworks (which are insensitive to edge
weight) were not reported at the population lewal the different seasons. In the Uda
Walawe population also, the population-level soamtwork could be divided into
communities (de Silvaet al 2011), based on modularity, which probably cqoesl to
what we describe as clans. The communities werasadisconnected as our clans because
of a 500-m distance cutoff being used to deteditsigs in that study. Nevertheless, since
ego-network statistics are averaged across fenfasespposed to clan-level statistics being
calculated for and averaged across communitiegjjeife was a seasonal difference in a
network statistic in a few large communities, iulb potentially give rise to significant
seasonal differences in average ego-network statisecause of the large communities
comprising many females. It would be interestingexamine whether network statistics of

communities formed in the Uda Walawe social netwarkalso different across seasons.

Temporal stability in social structure and groupesi

As explained above, there was no seasonal differeiche clan-level in group size or
social network or Al statistics. We also found, dthon Mantel tests, that associations
between females were correlated to a moderate tekEmween successive seasons and
years. We also found no effect of year on group sizaverage within-clan Al. Therefore,
there was some temporal stability in clan socialcstire and group size. It is possible that
there are specific pair-wise differences in Al ttfaange over time, but because group sizes
are small, even with thousands of sightings oveilwill be difficult to detect such

differences or the lack thereof.
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Seasonal effects on group size and social strubwe been described in African savannah
elephants and related to resource availability (held 1976, Western and Lindsay 1984,
Wittemyeret al 2005), although these were also not analysedwis@. If these group size
differences hold when analysed separately for wiffe clans, there are at least two
directions of enquiry that can be pursued to expiae lack of seasonal effects on clan-level
social structure in our population. One reasorthlerlack of a seasonal effect on group size
or social network structure could be the absenaaedningful changes in resources across
seasons. While there are apparently distinct ssasoour study area, seasonal differences
in food plants that elephants feed on need to latified in order to infer meaningful
seasonal differences in resources. In a study iduvhalai Wildlife Sanctuary, which is part
of the larger Nilgiris-Eastern Ghats landscape hlicWw Nagarahole-Bandipur are located,
Baskaranret al (2010) found differences in grass biomass aviglaind the percentage of
grass versus browse consumed by elephants acasmnse Availability of browse was not

guantified.

A second possible reason for the lack of seasdfeadts on clan-level social structure in our
population is that even if resources that elephasts change seasonally, in the form of
resource patch size changes, resource dispersigrimmiagroup size. If resource patches
are depleting (increasing group size increasesdtieeof patch depletion) and uniform, patch
density is likely to strongly affect group size,thviarger groups being found when patch
density is high and smaller groups being found wbatth density is low (Chapma al
1995, Chapman and Chapman 2000). This is expettspective of patch size being small
or large because the costs of travelling betweachpa restricts group size. On the other
hand, if patches are depleting but clumped rathen tuniform, group sizes are expected to
be large irrespective of patch density or sizehasttavel cost between patches is expected
to be low (Chapmart al 1995, Chapman and Chapman 2000). Therefore sdurees
were uniformly distributed and patch density weser lin Asian elephant habitat, small
group sizes would be expected. It would, therefdre,illuminating to investigate the
dispersion and density of resource patches, afiddoout whether patches are depleting or
not, in different areas of Asia and Africa. It isgsible that elephant food resources are
generally widely dispersed in rain forests compaeceshvannahs (Powell 1997, Blake 2002,
Sukumar 2003), although heterogeneity at diffesmales and patchiness of elephant food
plants has been shown only by Blake (2002) (inoaini forest elephant range), and we do
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not know of any study that has quantified patcleswith respect to elephant food plants or
shown that patches are depleting. As mentionedieeanho seasonal differences in
visitations to the Dzanga Bai or social networkgevund in African forest elephants,
whose resources are widely dispersed and whichsalse small group sizes (Turkadt al
2013, Schuttleet al 2014). We speculate that populations with gragpssconstrained to
small numbers are less likely to show seasonatmdiffces in group sizes, while recognizing
the fact that larger sample sizes would be requioefind significant differences in group

sizes in such populations (compared to populatratislarge group sizes).

Within-clan group sizes and associations and fis$ision dynamics

Our finding that average group sizes are not difierbetween clans of different sizes
suggests that there is a constraint on group $ize.similarity in group sizes across clans
resulted in a larger number of sightings of largans being required for females to meet
their clan-mates. A trade-off between the numbeassociates of individual females and
their average Als had been seen in elephants in\Wdawe, Sri Lanka (de Silvat al
2011), which suggests that constraints on socialight be greater in larger than in smaller
clans in that population too if clan-level analysesre carried out. Although larger clans
showed higher maximum group sizes in our studyptbeortion of sightings in which large
group sizes were seen was very small (proportiosigsftings with group size of more than
five females: average (SD) = 0.055 (0.050), rarig6:147, based on the 15 focal clans)
and, therefore, larger group sizes did not suhsigndecrease the number of sightings
required for females to meet clan-mates (Suppleangntiaterial 13). Since Als were
mostly low, despite some temporal stability, sostalicture was fluid rather than consisting
of fixed, small groups (on average, group size was-fourth of the clan size, average
(SD)=0.265 (0.198), range=0.081-0.790) in the I&afelans; percentage of clan-members

who did not meet, averaged across clans=10%).

Fission-fusion dynamics are thought to alter thet-b@nefit ratio in response to varying
resource availability, with groups fusing togethshen resources are abundant and
fissioning when within-group competition for resoes is high (Kummer 1971, Dunbar
1988, Strier 1992, Chapman 1990, Chapmiaal 1995, Wittemyeet al. 2005, Aureliet al
2008, Asensieet al 2009). Resource availability and/or aggregatiamehbeen shown to
affect grouping in non-Elephantid species with hiigsion-fusion dynamics such as spider
monkeys (Symington 1988, Aseng&bal 2009), chimpanzees (Wittiger and Boesch 2013),
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brown hyaenas (Owens and Owens 1978), and spotadnés (Smithet al 2008).
However, in our population, fission-fusion dynammsmarily allowed for clan-mates to
meet, while maintaining similar group sizes, ratttean changing group sizes seasonally.
Thus, when there is a constraint on group sizsidinsfusion dynamics may be a means of
associating with different individuals while holdirgroup size relatively constant, rather
than a means of increasing or decreasing the gsmapitself. A constraint on group size
can, possibly, change a society from one that paegmtly multitiered and hierarchical to
one that is apparently multileveled (see chaptem2ihe latter, combinations of individuals
without all the individuals from a tier being praesavould allow for increased sociality

without increasing the group size, which would actur in the former.

That there is a turnover of groups rather than lsrfiaéd groups despite a constraint on
group size suggests benefits from interacting witker individuals. Therefore, while small
group sizes may be related to the costs of traydlior example, Wrangharet al 1993,
Chapman and Chapman 2000, Lehmatral 2007, Asensicet al 2009), it also seems
important for females in our population to assecwith other females beyond the small
group. A primary benefit of group living in elephlans cooperative care of offspring (Lee
1987, Lee and Moss 2011, Moss and Lee 2011) anéfilersuch as exploiting an
ephemeral resource or feeding efficiency are thbughbe unimportant (Fernando and
Lande 2000). Since Asian elephants show allomatbe(Gadgil and Nair 1984, Vidya
2014), one of the functions of fission-fusion dynesnn the face of limited group sizes in
Asian elephants may be to associate with allometidren required. Benefits of sociality
may also include the acquisition and exchange oliogical and social knowledge as in the
African savannah elephant (Mc Corabal 2001, 2011, Mutindat al 2011, Chiyoet al
2012) and, possibly, African forest elephant (sis@lbck and Lee 2013).

In summary, we find significant seasonal effectssonial structure and group size at the
population level and a contrasting lack of sucte@f at the clan level in female Asian

elephants in the Kabini population. We caution agaihe use of population-based statistics
as applied to clans. We find relatively stable ofmaup sizes and social structure across
seasons and years, but low overall associatiomgitre between females within clans,

suggesting a turnover of females within groups.i@imaverage group sizes irrespective of
clan size indicates a constraint on group sizescéifig larger clans to a greater extent. We

find that fission-fusion seems to serve as a mednsiteracting with more individuals
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outside the group, while retaining a relatively #ngaoup size. It would be interesting to

study the benefits of such interactions in therkitu
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Supplementary Material

Supplementary Material 1. Rainfall data and dabtesviet and dry season sampling.

The date of onset of the southwest monsoon is eted by the India Meteorological
Department based on 60% of selected weather ssadiong the southwestern coast of India
receiving 2.5 mm of rainfall for two consecutive days, alongh wind conditions and
outgoing longwave radiation criteria. We considetfeglwet season to begin one week from
the date of onset of the southwest monsoon (dataailable from
http://www.imd.gov.in/section/nhac/dynamic/Monsoframe.htm) because the study area
is very close to the southwestern coast of Indid, ibonly takes about a week for the effect
of the monsoonal rains to be reflected in the \egg®t (due to pre-monsoon showers in the
previous two months). As mentioned in the main,tpetriods with pre-monsoon showers
were not included in the wet season as these sbBowegur in the otherwise dry and hot
months of April and May, resulting in little avdildity of surface water. The dry season was
determined as beginning two weeks after the entheihortheast monsoon rains (or three
weeks after the midpoint date between the lashifgint of heavy rain, October 16-31, 2013,
in Figure 1 below, and the following fortnight witto rain, November 1-15, 2013, in Figure
1 below).
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Supplementary Material 1, Figure 1. An example ahfall patterns recorded at one
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weather station (Beechanahalli, which is situatedbétween Bandipur and Nagarahole
National Parks) in the study area (rainfall datayrtesy, H.D. Kote Taluka office) plotted

every fortnight for the years 2012 and 2013. Thgirbeng of the wet season for 2013 was
8-Jun-2013 and the beginning of the dry seasonl@ec-2013 (the end of the northeast
monsoon was 15-Nov-2013 and there were two daypofadic rain after that during the
second half of November). The year 2012 was a dioygr in the study area.

We used photos taken of the forest at differenesiraf the year (for example, see Figure 2
below) to confirm the appropriateness of the stad end dates for each dry and wet season.

The average rainfall the study area receives rafrges 625 mm per year in the east of
Bandipur (AERCC 1998) to about 1500 mm per yeathan west of Nagarahole (Karanth

and Sunquist 1992). The dates used to demarcatangetry seasons are shown below
(Table 1).

Supplementary Material 1, Figure 2. Photos in rdydgihe same area after the onset of the
southwest monsoon (3-Jun-2010) and just beforédiganning of the dry season (29-Nov-
2013).
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Supplementary Material 1, Table 1. Dates of theebngthe southwest monsoon and end of

the northeast monsoon, and dates marking the bagimi the wet and dry seasons from

2008-2014.

Date of onset ¢ Start of the wet Date of end of Start of the dry

Year SW monsoon season NE monsoon season
1 31-May-08 07-Jun-08 15-Nov-08 01-Dec-08
2 23-May-09 30-May-09 15-Dec-09 01-Jan-10
3 31-May-10 07-Jun-10 15-Dec-10 01-Jan-11
4 29-May-11 05-Jun-11 15-Dec-11 01-Jan-12
5 5-Jun-12 12-Jun-12 30-Nov-12 16-Dec-12
6 1-Jun-13 08-Jun-13 15-Nov-13 01-Dec-13
7 6-Jun-14 13-Jun-14 15-Nov-14 01-Dec-14
References:

1. AERCC (1998) The Asian elephant in southern IndidIS database for conservation
of Project Elephant Reserves. Asian Elephant Relseand Conservation Centre,
Bangalore.

2. Karanth KU, Sunquist ME (1992) Population strucfutensity and biomass of large

herbivores in the tropical forests of Nagarahotelid. Journal of Tropical Ecology:
21-35.
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Supplementary Material 2. Social networks basedhenentire a) dry and b) wet season
datasets. Colours of nodes indicate different cldMst of the solitary nodes towards the
centre are females that were seen only once omwatifees. There were only a few

connections across clans (discussed in chapter 2).

a)
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Supplementary Material 3. Al distributions durifgetdry and wet seasons based on the

entire datasets.
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The proportion of non-zero Als was 2.9% during ting season and 2.5% during the wet

season based on the entire datasets for theseaseaso
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Supplementary Material 4. Average linkage dendnogrdor the a) entire dry season
dataset, b) entire wet season dataset, and c))airg dnd wet season datasets, respectively,

based on the same 103 females.
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c) Dry season based on 103 common females
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Supplementary Material 5. Al and network statisfias nine focal clans, and averages of

these statistics based on the two-sample permategsd with 10,000 permutatior® values

from the two-sample permutation test to test fdfedences across seasons are shown and

the significant ones are in bold.

Average Average

AverageSkeWirKurtosisAverage clustering path Modu- . No. of
Season degree - . Densityshortes
Al (SD) Al of Al (SD) coefficient length larity aths
(SD)  (SD) P
Kasturi
Dry 0.147 70 100  1.00
observed (0.1325) 2691 245 900y (0.000) (0.000) 0163 1.000 56
Dry 0.154 68 099 103
permuted (0.1230) 04°9 231 923y (0.013) (0.051) 104 0974 56.0
Wet 0.290 60 100 1.00
observed (0.1167) 90 322 ©00) (0.000) (0.000) O-017 1000 42
Wet 0.164 54 093  1.20
permuted (0.1367) 07t 311 (130) (0.095) (0.370) 0108 0.800 518
Pvalue  1.000 0606 0632 0877 0877 0260001 0877 0256
Lisa
Dry 0.105 122 087 124
observed (0.1612) 222° 809 ©68) (0.003) (0.426) 0424 0765 272
Dry 0.104 124 088  1.22
permuted (0.1490) 2208 833 579y (0.081) (0.418) 0385 0777 2720
Wet 0.100 106 086  1.37
observed (0.1307) 2134 914 (383) (0.116) (0.542) 0277 0662 272
Wet 0.107 96 084 145
permuted (0.1584) 2%%* 872 (301) (0.135) (0.578) 0384 0606 2645
Pvalue 0290 0407 0662 0782 0811 0.290026 0.766 1.000
Manasi
Dry 0.136 68 083 152
observed (0.2272) 2.208 7.24 (2.29) (0.120) (0.749) 0.469 0.621 132
Dry 0.140 6.0 0.87 1.40
permuted (0.2381) 2.099 6.66 (2.08) (0.119) (0.608) 0.483 0.559 108.8
Wet 0.382 4.0 1.00 1.00
observed (0.343) 0.876 2.02 (0.00) (0.000) (0.000) 0.057 1.000 20
Wet  0.199 39 096 111
permuted (0.2943) 1.510 4.26 (1.36) (0.060) (0.194) 0.424 0.470 46.6
Pvalue 0992 00590033 0614 1.000 0534 0067 0946 0.075
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Supplementary Material 5 Contd.

Average Average

Average Skew KurtosisAveragE clustering path Modu- . No. of
Season . degree = -~ Densityshortes
Al (SD) inAl of Al (SD) coefficient length larity aths
(SD)  (SD) P
Nakshatra
Dry 0.098 126 090 116
observed (0.1030) 1885 067 535y (0.060) (0.367) 0185 0842 240
Dry 0.094 122 089 118
permuted (0.1079) <137 831 (559) (0.066) (0.390) 0207 0816 239.9
Wet 0.126 62 085 133
observed (0.1915) 1 9°8 617 (o50)y (0.163) (0.474) 0334 0561 110
Wet 0.113 75 081 146
permuted (0.1479) 189 767 310y (0.156) (0.568) 020 0553 1869
Pvalue 0644 06950585 0184 0668 0274 0881 0450018
Olympia
Dry 0.040 53 070 1.82
observed (0.1187) 2302 3558 356y (0.207) (0.736) 0-°3° 0267 308
Dry 0.041 50 070 207
permuted (0.1073) 407° 2314 (557) (0230) (0.921) 0°91 0.252 330.1
Wet 0.048 31 090 173
observed (0.1253) 2820 1056 (135 (9184) (0.891) 07?4 0170 110
Wet 0.045 39 073 211
permuted (0.1221) #1039 2285 593y (0.244) (1.003) 0089 0.208 240.0

P value 0.660 0.005 0.006 0.136 0.960 0.389 0.975 0.164 0.177
Osanna

Dry 0.072 7.5 0.77 1.63
observed (0.1325) 2.626 10.98 (3.64) (0.153) (0.656) 0.354 0.415 306
Dry 0.073 8.0 0.77 1.65
permuted (0.1301) 2.594 11.15 (3.65) (0.173) (0.616) 0.388 0.425 370.4
Wet 0.240 5.6 1.55
observed (0.2670) 0.972 3.39 (1.96) 0.81(0.170.69) 0.179 0.564 110
Wet 0.137 3.7 0.85 1.56

permuted (0.2551) 2.002 6.53 (2.17) (0.210) (0.625) 0.405 0.285 107.8
Pvalue 0.993 0011 0102 0.912 0.240 0553 0.074 0.989 0.851
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Supplementary Material 5 Contd.

Average Average

Average Skew KurtosisAveragE clustering path Modu- . No. of
Season . degree = -~ Densityshortes
Al (SD) inAl of Al (SD) coefficient length larity aths
(SD)  (SD) P
Patricia
Dry 0.063 135 084  1.35
observed(0.1034) 2994 721 (431) (0.067) (0.525) 0346 0676 420
Dry 0.066 13.0 084  1.38
permuted(0.1066) 1277 90 (433) (0.082) (0533 0398 0.649 4194
Wet 0.061 46 074  2.30
observed(0.1421) 5240 1605 574y (0277) (1.178) 0568 0242 274
Wet 0068 .74 ggo 81 085 166 03 0412 3351

permuted(0.1179) (3.73) (0.137) (0.725)
P value 0.394 0.949 0.941 <0.001 0.016 0.996 1.000 0.001 0.112
Tilottame

Dry 0.528 3.0 1.00 1.00
observed0.2286) 0.256 1.64 (0.00) (0.000) (0.000) 0.000 1.000 12
Dry 0.533 3.0 1.00 1.00
permuteqo.2223) 0.305 1.64 (0.00) (0.000) (0.000) 0.000 1.000 12.0
Wet 0.563 3.0 1.00 1.00
observed0.1898) 0.298 1.54 (0.00) (0.000) (0.000) 0.000 1.000 12
Wet 0.532 3.0 1.00 1.00

permuter.2378) 0.365 1.83 (0.02) (0.005) (0.008) 0.001 0.994 12.0
P value 0.628 0.580 0.421 1.000 1.000 0.985 0.974 1.000001.0
Victoria

observed(0.0092) 2597 1080 358 (ory (031z) 0323 0891 992
r?e“r/muted(oo.bogsfsl) 2.524 10.06 (5.842) (c?.i?;s) (ol.ffs) 0.308 0918 992.0
observed (0138) 2571 1288 750 (0001 (0baz) 02 0544 930
Demuted(© 1367 0751 311 30 (0oss) (070) 0108 0.800 58

Pvalue 0914 0.6120.773 0.780 0.999 0.363 0.063 0.804 0.455
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Supplementary Material 6. Observed Al distributi@hging the dry and wet seasons for

nine focal clans, and average$R) of Al distributions (for each season) basedhantwo-

sample permutation test with 10,000 permutations.
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Supplementary Material 7P values from the two-sample permutation (with 10,00

permutations) test to assess differences in Aftidigions (using frequencies in different Al

bins as shown in Supplementary Material 6) betwssasons for each of nine focal clans.

Alrange
Clan 001 205 2% 2% b6 <06 <b7 <8 <b9 <o 1O
Kasturi 0.003 0.073 1.000 0.845 0.497 0.992 0.886 0.980 0.996 1.000 0.984
Lisa 0.244 0.997 0.464 0.258 0.972 0.341 0.053 0.119 0.859 0.909 0.773
Manasi 0.018 0.614 0.612 0.633 0.206 0.201 0.308 0.459 0.972 0.884 0.382
Nakshatra 0.257 0.036 0.065 0.216 0.484 0.274 1.000 0.743 0.991 0.997 0.751
Olympia 0.115 0.191 0.665 0.971 0.804 0.995 0.732 0.080 0.823 0.998 0.123
Osanna 0.0710.948 0.564 0.902 0.425 0.640 0.946 0.255 0.935 1.000 0.322
Patricia 0.256 0.122 0.348 0.484 0.756 0.160 0.998 0.896 0.982 0.999 1.000
Tilottama 0.933 0.784 0.481 0.844 0.906 0.531 0.547 0.829 0.866 0.861 0.750
Victoria 0.049 0.867 0.969 0.483 0.974 0.078 0.243 0.935 0.731 0.980 0.990
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Supplementary Material 8. Average (£1.96 SE) greiges of nine focal clans in the dry

and wet seasons.
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Supplementary Material 9. Average (x1.96 SE) andiaregroup size plotted against clan

size for the a) dry and b) wet seasons.
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There was no relationship between group size atsike. The clan sizes used here are the
numbers of females seen during the wet or dry ssadwence they are different in some
clans because of not sighting the entire clanseason. However, the results do not change
if the overall clan sizes are used in both cases.
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Supplementary Material 10. Regressions of Al on size.

In the main text, regression of clan size on averlghad been shown to be significaRt<
-0.669,R?=0.447,P<0.006). Since there could be pairs of individuhkt we had never seen
together in larger clans, such clans could have Zdrvalues, which might affect the
results. The analysis was, therefore, repeatetch@man-zero Als also, and was also found
to give similar resultsR = -0.706,R*=0.498,P<0.003). We also carried out the analysis
using median Al instead of average Al and foundilsintesults R = -0.600,R?=0.360,
P<0.018).

0.8 o Average + 1.96 SE

e Median

Al

oQ

Clan size

Supplementary Material 10, Figure 1: Average (+1S#9 (open circles) and median (solid
circles) Al plotted against clan size for 15 foctns based on the entire data. While the
averages had already been shown in the main teey are repeated here for visual
comparison with the medians. The regression lims®dh on average Al and median Al are

shown as dotted and solid lines, respectively.
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a)

Average Al (Dry) = 0.3596 - 0.0131 * Clan size (Dry)
r=-0.714
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Supplementary Material 10, Figure 2: Regressiondaif size on average Al during the a)
dry (R*=0.509,F, =7.264,P<0.031) and b) wetRf=0.621,F; =11.471,P<0.012) seasons.
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Supplementary Material 11. Details of permutatiests using SOCPROG.

Permutations were carried out in SOCPROG 2.4 usidgday sampling periods.

Association data for each focal clan were randopaymuted in order to find out whether

the observed average Al was significantly lowentrendom and whether the observed SD

and CV of Al were significantly higher than randowie used 5000 permutations with 1000

flips per permutation for this test because we tbuhat increasing the number of

permutations or flips further did not change thsutes (shown below).

Supplementary Material 11, TableR.values for different numbers of permutations eatri

out on the largest clan, using 1000 and 10000 figrspermutation. Statistically significant

values are marked in bold.

Number of ObservedAve' randor P (1000 pve. ranéon P (10000
Statistic value using value using
permutations value ' flips) _ flips)
1000 flips 10000 flips

1000 Mean Al 0.1669 0.2205 0.001 0.2233 0.001
SD of Al 0.1527 0.1195 0.999 0.1181 0.999
CV of Al 0.9146 0.5430  1.000 0.5288 1.000
Mean non-zero Al 0.1804 0.2268 0.001 0.2286 0.001
SD of non-zero Al 0.1509 0.1152 1.000 0.1143 0.999
CV of non-zero Al 0.8363 0.5089 0.999 0.5002 1.000

5000 Mean Al 0.1669 0.2230 <0.001 0.2234  <0.001
SD of Al 0.1527 0.1178 1.000 0.1178 1.000
CV of Al 0.9146 0.5284  1.000 0.5276 1.000
Mean non-zero Al 0.1804 0.2282 <0.001 0.2283 <0.001
SD of non-zero Al 0.1509 0.1140 1.000 0.1143 1.000
CV of non-zero Al 0.8363 0.4997 1.000 0.5006 1.000

10000 Mean Al 0.1669 0.2235 <0.001 0.2234  <0.001
SD of Al 0.1527 0.1183  1.000 0.1178 1.000
CV of Al 0.9146 0.5293  1.000 0.5273 1.000
Mean non-zero Al 0.1804 0.2284 <0.001 0.2282 <0.001
SD of non-zero Al 0.1509 0.1148 1.000 0.1144 1.000
CV of non-zero Al 0.8363 0.5025 1.000 0.5011 1.000
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Ave. randon P value Ave. rardom P value

Number of o Observed _ .
~ Statistic value using (1000 value using (10000
permutations value _ _ _ _
1000 flips  flips) 10000 flips flips)
15000 Mean Al 0.1669 0.2232 <0.001 0.2234  <0.001
SD of Al 0.1527 0.1178  1.000 0.1180 1.000
CV of Al 0.9146 0.5279  1.000 0.5280 1.000
Mean non-zero Al 0.1804 0.2280 <0.001 0.2284 <0.001

SD of non-zero Al 0.1509 0.1144 1.000 0.1144 1.000
CV of non-zero Al 0.8363 0.5016 1.000 0.5012 1.000

20000 Mean Al 0.1669 0.2233 <0.001 0.2235  <0.001
SD of Al 0.1527 0.1181 1.000 0.1178 1.000
CV of Al 0.9146 0.5289  1.000 0.5271 1.000
Mean non-zero Al 0.1804 0.2284 <0.001 0.2283 <0.001

SD of non-zero Al 0.1509 0.1145 1.000 0.1143 1.000
CV of non-zero Al 0.8363 0.5014 1.000 0.5008 1.000
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Supplementary Material 12. Permutation test redoltdocal clans based on all data, and

only dry and wet seasons. Only focal clans witlheast 20 sightings in the dataset being

considered were used in the permutation tests.

Mean Al P SD for Al (P CV for Al (P
Clan Season
value) value) value)

Alexandra All 0.210<£0.001) 0.146 (0.252) 0.693 (0.923)
Dry 0.238 (0.001) 0.167 (0.049) 0.705 (0.767)
Wet _ _ _

Anabelle  All 0.282 €0.001) 0.180 (L.000) 0.638 (L.000)
Dry 0.290 (©.001) 0.184 (.000) 0.635 (L.000)
Wet _ _ _

Fiola All 0.237 (0.070) 0.200 (0.931) 0.846 (0.932)
Dry 0.251 (0.067) 0.213 (0.934) 0.849 (0.932)
Wet _ _ _

Kasturi All 0.317 €0.001) 0.218 (.000) 0.688 (L.000)
Dry 0.313 (0.001) 0.233 (.000) 0.744 (.000)
Wet 0.434 (.005) 0.121 (0.785) 0.279 (0.881)

Katrina All 0.105 (0.898) 0.177 (0.884) 1.679 (@O0
Dry 0.117 (0.206) 0.193 (0.607) 1.648 (0.657)
Wet _ _ _

Lisa All 0.147 €0.001) 0.175 (.000) 1.196 (@.000)
Dry 0.153 (©.001) 0.192 (.000) 1.256 (.000)
Wet 0.127 (©.001) 0.145 (.000) 1.140 (.000)

Manasi All 1.150 0.026) 0.232 (.000) 1.550 (.000)
Dry 0.152 0.005) 0.229 (..000) 1.511 @.000)
Wet 0.3730.017) 0.351 0.984) 0.939 0.984)

Menaka All 0.117 (0.987) 0.193.000) 1.669 (0.937)
Dry 0.108 (0.976) 0.178.(000) 1.655 0.991)
Wet _ _ _

Mridula All 0.220 (0.070) 0.2201(000) 1.001 .000)
Dry 0.226 (0.089) 0.2358L(000) 1.036 (.000)
Wet
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Mean Al P SD for Al (P CV for Al (P
Clan Season
value) value) value)
Nakshatra  All 0.131<0.001) 0.138 (L.000) 1.051 @.000)
Dry 0.141 (£0.001) 0.141 0.999) 0.997 (.000)
Wet 0.1440.048) 0.218 (..000) 1.514 .000)
Olympia  All 0.047 (0.835) 0.1041(000) 2.227 (.000)
Dry 0.048 (0.797) 0.118.(000) 2.458 (.000)
Wet 0.052 (0.838) 0.134.000) 2.575 (.000)
Osanna All 0.090<0.001) 0.145 (.000) 1.622 (.000)
Dry 0.087 (©.001) 0.150 0.989) 1.710 @.000)
Wet _ _ _
Patricia All 0.104 £0.001) 0.150 (..000) 1.442 (.000)
Dry 0.107 €0.001) 0.154 (.000) 1.444 (.000)
Wet 0.070 (0.998) 0.152.000) 2.187 (.000)
Tilottama Al 0.626 (0.237) 0.14D2.099) 0.226 0.999)
Dry 0.669 (0.192) 0.13D(999) 0.200 0.999)
Wet _ _ _
Victoria Al 0.167 0.001) 0.153 (.000) 0.915 (..000)
Dry 0.172 (©.001) 0.168 (L.000) 0.978 (L.000)
Wet 0.146 (9.001) 0.184 (0.783) 1.2611(000)

* The values of mean Al in this table are differérdm clan Als shown in the main text

because a two week sampling period was used f@rahidomisation analysis.
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Supplementary Material 13. Waiting time to meehataates.

As explained in the main text, we examined the mgittime for females in clans of

different sizes to meet their clan-mates. Figuia the main text shows the average of the
minimum number of sightings of females in the 18aloclans to meet all their clan-mates
(shown below again as Expected and Observed 108%).shown below, are the average
of the minimum number of sightings of females iffedent clans to meet 75% of their clan-

mates and 50% of their clan-mates.

a) b)
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Supplementary Material 13, Figure 1: Average olesgtrand expected minimum number of

sightings of females in the 15 focal clans to nmegel00% (also shown in the main text,
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Figure 7), b) 75%, and c) 50% of their clan-maidse expected values were obtained by
permuting the sighting data, and 2.5 and 97.5 pétes of the expected values are also
shown. Error bars for the observed data are 1.96f3ke mean. Trendlines for the average
observed (dotted lines) and average expected (#okd) values are shown. It must be
noted that some of the females did not meet all ttlen-mates during the entire period of

observation.

We also calculated the waiting time to meet clatesian another manner. In the analysis
above, the minimum number of sightings that eachale took to meet each of the other
females was recorded and this matrix of the mininmumber of sightings was averaged to
obtain the observed or expected values (dependinth® original or permuted datasets).
We also calculated the minimum number of sightitigg were required for us to sight all

pairs of females within sightings and used thishaswaiting time to meet clan-mates. This

was carried out for the original and permuted dgigure 2 below).

a 007, Expected 100%
g 800 | - 2.5 percentile e
S 700 - " 97.5 percentile o .
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Supplementary Material 13, Figure 2: Observed amdage expected minimum number of
sightings of the clan required for us to sightpairs of females within clans. The expected
values were obtained by permuting the sighting ,data 2.5 and 97.5 percentiles of the
expected values are also shown. In several cldhpass of females were not sighted
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together, despite hundreds of sightings of the,dad the observed values shown here are
one number higher than the number of sightingshaf tlan. Such observed values are
shown as grey circles instead of white circles.pdirs of females were also not seen in the
permuted data for one clan and the expected nuwofbgightings in this case is also one
number higher than the number of sightings of tta (Olympia, clan size=13, number of
sightings=165).

900 7 u Expected 100%

800 1 -»5 percentile perm.

700 - - 975 percentile perm. o °
600 - o Observed 100%

500 +
400 +

10

1=0

300 ~
200 - -

100 - -
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0*4.'55_ \ \ \ \ \ \ \

0 5 10 15 20 25 30 35 40
Clan size

No. of sig. to sight pairs of clan-mates

Supplementary Material 13, Figure 3: Observed amdage expected minimum number of
sightings of the clan required for us to sightpalirs of females within clans. The difference
between this and the previous figure is that thas wenerated by using only those sightings
in which the group size was five females or few&s. in the previous figure, in several
clans, all pairs of females were not sighted togietbespite hundreds of sightings of the
clan, and the observed values shown here are omdaruhigher than the number of
sightings of that clan. Such observed values amvshas grey circles instead of white
circles. All pairs of females were also not seethm permuted data for several clans in this
case and the expected numbers of sightings in tteeses are also one number higher than
the number of sightings of those clans. Therefitrere are several points with the observed

value lying at the upper end of the expected values
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Supplementary Material 14. Results of Mantel teéstexamine correlations between Al

matrices across time. Since sightings during the segason were limited, clans sighted at

least 15 times during the particular wet seasoasgatbeing compared, and at least 20 times

in all the other datasets were used for this arsalys

No. of

No. of

Clan Comparison Correlationr R P
sightings individuals

Consecutive seasons

Kasturi Dry 2012, Wet 2012 69, 27 6 0.647 0.419 0.043
Wet 2012, Dry 2013 27, 133 6 0.832 0.692 0.003

Lisa Dry 2011, Wet 2011 34, 22 14 0.699 0.489 <0.001
Wet 2011, Dry 2012 22,94 14 0.729 0.532 <0.001
Dry 2012, Wet 2012 94, 27 15 0.638 0.408 <0.001
Wet 2012, Dry 2013 27,94 15 0.519 0.270 0.001
Dry 2013, Wet 2013 94, 20 11 0.464 0.215 0.009
Wet 2013, Dry 2014 20, 52 11 0.473 0.223 0.002

Olympia Dry 2013, Wet 2013 27, 16 8 0.369 0.136 0.102

Patricia  Dry 2009, Wet 2009 33, 34 22 0.636 0.405 <0.001
Dry 2011, Wet 2011 96, 17 12 0.778 0.605 <0.001
Wet 2011, Dry 2012 17, 154 12 0.548 0.301 <0.001
Dry 2012, Wet 2012 154, 22 14 0.741 0.550 <0.001
Wet 2012, Dry 2013 22, 110 15 0.632 0.400 <0.001
Dry 2013, Wet 2013 110, 19 10 0.465 0.216 0.031
Wet 2013, Dry 2014 19, 154 10 0.431 0.186 0.025
Dry 2014, Wet 2014 154, 17 8 0.702 0.493 0.004

Victoria  Dry 2009, Wet 2009 69, 29 23 0.646 0.417 <0.001
Dry 2014, Wet 2014 209, 15 13 0.763 0.582 <0.001

Consecutive dry
seasons
Anabelle 2011-2012 31, 26 8 -0.081 0.007 0.524
2012-2013 26, 27 7 0.124 0.015 0.268
2013-2014 27, 46 8 0.521 0.272 0.011
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_ No. of No. of _
Clan Comparison o o Correlationr
sightings individuals

R P

Consecutive dry

seasons

Kasturi 2011-2012 60, 69 7 0.257
2012-2013 69, 133 7 0.665

2013-2014 133, 85 7 0.640

Lisa 2011-2012 34,94 16 0.857
2012-2013 94, 94 16 0.729

2013-2014 94, 52 16 0.740

Nakshatra 2011-2012 20, 24 12 0.295
2012-2013 24, 47 13 0.203

2013-2014 47,43 13 0.354

Olympia 2012-2013 28, 27 9 0.683
Patricia 2011-2012 96, 154 20 0.663
2012-2013 154, 110 18 0.530

2013-2014 110, 154 18 0.768

Victoria 2011-2012 125, 199 28 0.588
2012-2013 199, 136 26 0.710

2013-2014 136, 209 26 0.697

0.066 0.163
0.442 <0.001
0.410 0.005
0.734 <0.001
0.532 <0.001
0.548 <0.001
0.087 0.016
0.041 0.054
0.125 0.010
0.466 0.010
0.439<0.001
0.280 <0.001
0.590 <0.001
0.346 <0.001
0.504 <0.001
0.486 <0.001
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Supplementary Material 15. Network structure cureégshe nine focal clans that were

analysed for dry-wet season differences. The nantleeoclan and the differences that the

network structure curves showed between seasongrigien against each plot.
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Olympia: dry right-shifted

Osanna: dry and wet not very different
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Patricia: wet right-shifted

Tilottama: dry and wet almost identical
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Supplementary Material 16. Cumulative bifurcatiamvwes of the nine focal clans that were

analysed for dry-wet season differences. The nantleeoclan and the differences that the

cumulative bifurcation curves showed between seaaomwritten against each plot
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Olympia: cum. no. of bifur. larger initially in thary

season and then larger in the wet season
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CHAPTER 4

Genetic Relatedness and Associations in FemalenAsia

Elephants in Nagarahole-Bandipur, Southern India
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Abstract

Associations amongst kin may provide opportunifesinclusive fitness benefits through
offspring care or coalitionary support in the deemf resources. In species showing high
fission-fusion dynamics, in which there is a coaisir on group sizes, kinship may form an
important axis along which a community might fissimto smaller groups. We describe
here, a study of genetic relatedness in relatidertale social relationships in female Asian
elephants, which show high fission-fusion dynami@ased on field sampling in Nagarahole
and Bandipur National Parks, southern India, andotyping elephants at 14 nuclear
microsatellite loci from dung-extracted DNA, we exaed whether female Asian elephant
social structure was based on kinship. The relakignbetween associations and genetic
relatedness was analysed at the level of the walhith is the most inclusive unit of female
social organisation, at the level of first-levehmmunities within clans, and at the level of
top associates of individuals. The average relasslwithin first-level communities was
high, suggesting that such communities probably pad first- and second-order
relatives. The oldest females of first-level comitisa within clans were also related on
average. Females showed high average pair-wisdigertedness values with their top
associate and were significantly more related &ir ttop and second associates than to the
average associate. These results indicate thaé @esociations were based on genetic
relatedness between females. However, althoughvbeage pair-wise relatedness amongst
females within clans was significantly greater thaero, suggesting that clans also
comprised related females, less than half the dglatigidually showed average within-clan
relatedness values that were significantly gretiten zero. Similarly, less than half the
focal clans showed significant correlations betwegemetic relatedness and association
strength. Occasionally, even first-level commusitigithin clans had unrelated females.
These findings suggest that genetic relatedneswebat females was not the only
prerequisite for bonding amongst them. It is pdssithat direct fithess benefits are
important at the clan level.

Keywords. Asian elephant, relatedness, association, fissisiof, social structure, direct

and indirect fitness benefits, Kabini, Nagarahos@pur.
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Introduction

Social organisation may arise as a complex resptmseological factors and individual
relationships with conspecifics (Crook and Gartl@%6, Clutton-Brock and Harvey 1977,
Wrangham 1980). The patterning and quality of extgons with conspecifics, while often
constrained by ecological and demographic circuntgts, may also be strongly influenced
by kinship (Clutton-Brock 2002). Therefore, apaanh ecological and demographic factors,
societies may be structured based on inclusiveedgnbenefits (inclusive fitness is an
individual's personal reproductive success plusndéeect reproductive success contributed
by relatives, who share the individual’'s genesa assult of the individual’s intervention in
their reproductive activities, Hamilton 1964), dirditness benefits (Camerat al 2009),
and/or conflict from conspecifics (Kummer 1978, W¥ed and Seyfarth 1987). Associations
amongst kin have been recorded in many speciesoidlanammals (Sillet al 2006) and
such associations may allow for food sharing (Hateget al 1997), coalitionary support
during dominance (Holekamp and Smale 1990, 8ilkal 2004, Perryet al. 2008), and
increased offspring care and survival (Owens anci@n1984, Packest al 1990, Pusey
and Packer 1994, Cant 2000, Setkal 2003, Eberle and Kappeler 2006). Kinship may be
especially important in species that show highidizgusion dynamics (see Auredit al
2008), in which group compositions and size chdreguently over time by the fission and
fusion of subgroups, depending upon resource-riskiloutions (Kummer 1971). Such
flexible organisation is thought to reduce the sasdtgroup-living, while also providing the
benefits of sociality (Kummer 1971, Dunbar 1988ije8t1992, Chapman 1990, Chapn&n
al. 1995, Connoet al. 2000, Wittemyeet al 2005, Lehmart al 2007, Aureliet al 2008,
Smith et al 2008, Asensiet al. 2009). It is interesting to examine whether bssang of
groups occurs along the lines of genetic relatesinbereby providing an opportunity for
kin selection. Social associations are based ashkinn some species showing high fission-
fusion dynamics, such as spotted hyaenas (Holelairap 1997), cetaceans (see Conabr
al. 2000), bats (Kertlet al. 2002), and geladas (Johnsetnal. 2013, Snyder-Macklest al
2014).

Female elephants also show high fission-fusion mhyosi (Moss and Poole 1983, Wittemyer
et al 2005, de Silveet al 2011, chapter 2 of this thesis). Female Asiaphtelats usually
form small, fluid groups of 2-3 adult females, ajowith their offspring, but they may
occasionally form larger groups, and the most sigkel unit of social structure is the clan
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(see McKay 1973, Sukumar 1989, Vidya and Sukum@b20e Silveet al 2011, chapter 2
of this thesis). Clans may be further structured associations between females are non-
random even within clans. However, females almeseninteract positively between clans
(this thesis). Female African savannah elephamta Bomore nested multilevel society than
female Asian elephants. The hierarchical levelduohe mother-offspring units, family
groups or core groups, kinship groups or bond ggpapd clans (Douglas-Hamilton 1972,
Moss and Poole 1983, Wittemyetr al 2005, Archieet al. 2006). African forest elephants
show nuclear families of single adult females aed ¢ffspring, although they may form
larger associations in forest clearings (Turkala &ay 1995, Fishlock and Lee 2013,
Turkalo et al 2013). The potential benefits of sociality in f@m elephants include
cooperative offspring care and allomothering (Dukli©o83, Gadgil and Nair 1984, Lee
1987, Lee and Moss 2011, Vidya 2014), and the dppity to associate with older females
who are thought to be repositories of ecological ancial knowledge (Mc Comeét al
2001, 2011, Foley 2002, Mutinds al. 2011). Indirect fitness benefits were thoughbéo
important in the Amboseli African savannah eleph@oulation (Archieet al. 2006). Adult
females within core groups were closely relatedrte another, first-order maternal relatives
remained together during temporary group fissiom eelated groups were more likely to
fuse (Archieet al 2006). In Samburu and Sengwa, two African savianekphant
populations that had faced more poaching than Aelhdemales within bond groups and
clans did not always share the same mitochondriéf haplotypes, and direct benefits
were thought to be important in the formation adrhrchical social structure (Chaef al
2005, Wittemyeet al 2009).

We wanted to examine the extent to which femaleastlephant society is based on
kinship. Asian elephants show female philopatryriteado and Lande 2000, Vidya and
Sukumar 2005, Vidyat al 2005a) and male locational dispersal (Desai athsingh
1995, Vidya and Sukumar 2005). Based on samplimupg of 2-3 adult females in
Mudumalai, southern India, it was known that suadugs were related as first- and second-
order relatives and were thought of as family geo(yidya and Sukumar 2005). Related
females in small groups were also inferred in L&dRRand in Alur, southern India, through
genotyping of closely-spaced dung piles (Ahlergigal. 2011, Chakrabortet al 2014).
However, the relatedness between females beyond sowll groups had not been
examined previously. As mentioned above, the maodusive unit of social structure was
called the clan and this was based on social n&twardularity (chapter 2). Some clans
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were further structured and first-level communitesild be detected within clans using the
Louvain algorithm (Blondekt al 2008). Our aim was to find out whether a) claresev
composed of related females, b) first-level commesiwithin clans comprised close
relatives, c) the strength of association betwesnales was based on genetic relatedness,
and d) the relationship between associations andtgerelatedness varied between the dry

and wet seasons.

M ethods

Field data collection

The study was carried out between March 2009 ahyd2Di4 in Nagarahole National Park
and Tiger Reserve (Nagarahole) and the adjoiningdpar National Park and Tiger
Reserve (Bandipur), in the Nilgiris-Eastern Ghatadscape, southern India (see Vidya
2014, chapter 2 of this thesis for more detailsualtbe study area). Nagarahole and
Bandipur are separated by the Kabini reservoiratect by the Beechanahalli Dam on the
river Kabini. The reservoir is a source of wated dorage during the dry season and
sustains a high density of elephants and othenvwds. Elephants tended to use the area
around the Kabini reservoir during the dry seadoecémber to mid-June) and were more
scattered in the forest during the wet season (it to November, see chapter 3 of this
thesis). We sampled elephants from about 6:30 ABt@0-6:45 PM (depending on daylight
hours and permits) by driving along pre-selectagta® in both habitats, but concentrated
more towards the reservoir. As mentioned previo(dhapter 2 of this thesis), we identified
female groups as a collection of female elephamid their young that moved in a
coordinated manner, especially towards the watefomest edge, or showed affiliative
behaviour. These females were usually within 50-t@®f one another and would also
vocalize in response to one another or huddle begef disturbed by another elephant
group or by humans (although they were largely toalbéd to vehicles in the tourism zone
of the parks). Individuals were aged, sexed, amthtiied using various natural physical
characteristics (see Vidw al 2014).

We collected data on associations between femhastsatere at least ten years old, which
we simply refer to as females in the rest of thaptér. All females within a group were said
to be associating with one another. Sightings efstime group at least 2.5 hours apart were
considered to be independent based on preliminark wn how often groups changed in
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composition (see chapter 2). As it is logisticalfficult to collect blood or tissue samples
from free ranging elephants, dung samples werectel as the source of DNA. Tissue
samples were occasionally collected if a female ¥masd dead. Dung samples were
collected from identified females upon observecedafion. The outer-most layer of dung,
which is rich in endothelial cells, was collectedoi about 9 ml of 95% ethanol. Collected
samples were stored at ambient temperature indftkstation for up to a few months and at
4°C in our laboratory at Bengaluru thereafter. Bgrihe sample collection, the identity of
the animal, time of defecation, time of collectigBPS readings, and names of observers
collecting the dung were noted down. Since the areand the Kabini reservoir could have
a large number of elephants present at the saneg ¢éincould have a group defecating and
then feeding in the same area till the time we toaléave the forest (because of permits), it
would often not be possible to collect the dung @an{even though we had observed
animals defecate) without disturbing too many afsmin these cases, we did not collect
the sample. Occasionally, because of a large numibprevious dung piles lying in the
area, there was a small doubt about the correntiigef the observed female’s dung pile,
in which case also, the dung was not collected. eldeer, we tried to collect multiple
samples from the same females on different dagsder to further reduce sampling error.

Genetic analysis

We digested approximately 0.5 g of dung samplegu&i®d mL of Tris-EDTA-SDS buffer
and 20 pL Proteinase K overnight at 55°C. We etathcDNA using 800 pL
phenol/chloroform/isoamyl alcohol in 400 pL of tbeest and purified it using 1 mL of
QIAGEN solubilisation buffer and QIAGEN gel puriéiton columns (for details, see
Fernandcet al 2003). DNA extracts were stored in 1.5 mL micrdaéuge tubes at -20°C.
We carried out digestions and extractions veryfallye keeping in mind that dung is a sub-
optimal source of DNA. We also used aerosol residvarrier tips to further reduce cross-
contamination. We amplified 14 microsatellite Id@m the extracts using the Polymerase
Chain Reaction (PCR). These loci included the tetreleotide repeat locus, EMX-4, the
tri-nucleotide repeat loci, EMX-1 and EMX-2 (allrée isolated fronElephas maximys
Fernandoet al 2001), the dinucleotide repeat loci, EMUO3, EMUEMU12, EMU14,
EMU15, and EMUL7, isolated fronklephas maximugKongrit et al 2008), and the
dinucleotide repeat loci, LafMS02, LafMS03, LafMS@=H60, and FH94, isolated from
Loxodonta africangNyakaana and Arctander 1998, Comstetlal 2000). We carried out
the PCRs in 12.5 pL reactions, using 2 pL DNA eotir@ pL of PCR mix (containing
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dNTPs, Tris buffer, MgG| KCI, and BSA), 0.25 uL each of 10 uM forward amederse
primers, 0.1 pL Tag polymerase, and 0.9 pL of dated MilliQ water. All PCR sets
included a negative control in which the DNA extra@s substituted with water. PCRs
were usually carried out following initial denattiom at 94°C for 3 minutes, 40-42 cycles
of denaturation at 93°C for 1 minute, annealinghat specific annealing temperature for 1
minute, and extension at 72°C for 1 minute, anthal fextension at 72°C for 15 minutes
(details of loci and their annealing temperatunes slhown in Supplementary Material 1).
Amplified samples were stored at -20°C and eletimopsed in an Applied Biosystems 3730
DNA Analyzer at the JNCASR Sequencing Facility. WWeored genotypes (see
Supplementary Material 2) using the GeneMappemsoé v4.0 (Applied Biosystems,
Foster City, CA). In order to confirm genotypesoifly one dung sample had been sampled
from a female, we carried out three separate PCRsvas homozygous at the locus, and
carried out two PCRs if the same heterozygous gerotvas obtained at the locus. If more
than one dung sample had been collected from aléeme carried out a total of three
PCRs for homozygotes and two PCRs for heterozygatesg extracts from two different
dung samples. If PCRs occasionally showed mismajcladlelic dropouts, or poor
amplification (allele peaks <1500 in the electraplgegam), they were repeated until the
same genotype was obtained at least three timas.Wds rarely the case because dung
samples were collected fresh and we obtained 106%lifecation success (also see
Fernandcet al 2003). We used dedicated instruments and workHsmnfor pre- and post-
PCR work to reduce laboratory error. We could neg¢ mitochondrial DNA (mtDNA) to
examine maternal lineages because a previous stadyshown that a single mtDNA
haplotype is fixed across the Nilgiris-Eastern GHahdscape, in which our study area falls
(Vidya et al. 2005b).

Data analysis

All the loci were checked for Hardy-Weinberg edwilum and all pairs of loci for linkage
disequilibrium, and gene diversities were calculatesing Genepop v.4.2.1 (Rousset 2008).
All the loci were checked for null alleles usiMicrochecker v.2.2.3 (Van Oosterhaettal
2004). The probability of identity () (Paetkau and Strobeck 1994), which is the
probability that two randomly chosen individualsorfr the population have the same
genotypes, andf{sib) (Evett and Weir 1998), which is the probabithat two randomly
chosen siblings having the same genotypes, weulatdd for the 14 loci using the
software IDENTITY v.1.0. (Wagner and Sefc 1999). n€G&c relatedness between
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individuals was calculated using the Queller anadaght (1989) measure of relatedness,
using the software Coancestry v.1.0.1.5 (Wang 200\ calculated the average genetic
relatedness for known mother-offspring pairs aneckbd their genotypes for mismatches
to identify non-Mendelian inheritance or genotypipgblems. We then calculated the
average relatedness between females within theldirsl communities within clans, as

identified by the Louvain method (Blondetl al. 2008) of community detection (see chapter

2). We also calculated the average genetic relatsdbetween females within clans.

We used the association data shown in chaptertRiothesis to examine the relationship
between association strength and genetic relatedridse strength of association was
measured using the association index (Al; Ginslasid) Young 1992). This was calculated
between pairs of females, as the ratio of the nurnbéimes two females A and B were
seen togetheiNug) to the number of times either A or B was obserfié¢d, whereN is the
total number of sightings and the number of times neither A nor B was seen).yOnl
sightings in which all females had been identifieere used to calculate Al. There were
3922 such sightings, of which 3264 sightings weoenfthe dry seasons and 658 sightings
were from the wet season (see chapter 3). Thebkéirglg comprised 330 unique females,
298 of which were seen during the dry season ardld2ing the wet season. Genetic
relatedness was examined in 17 clans, but only lAbscwere used as the focal clans
because the other two had only two females eaclex@mine whether relatedness between
females was correlated with their levels of assmma Mantel tests (Mantel 1967) were
carried out between pair-wise Al and relatednessioea. Mantel tests were performed at
the population level, which comprised females fribve 17 clans, and at the focal clan level
Matrix correlations were also performed in focard based on dry and wet season data
separately. Seven focal clans with at least 15tisigh during the wet season were used to
examine the Al-relatedness correlation in the veassen. We also compared the relatedness
values of the individuals’ top, second, and thigbkariates with the relatedness values
averaged across all their associates using Wilcexamtched-pairs tests to find out
whether these preferred associates were more dethtn the average associate. Data
analysis of associations and Mantel tests werdecawut in MATLAB 7 R2004a (The
MathWorks, Inc, 1984-2011, www.mathworks.com).
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Results

A total of 346 samples, including 337 dung ands3ue samples, were collected from 174
unique females (see Supplementary Material 3)h€de 174 females (53% of the identified
females in the population), 73 were sampled onakthe remaining 101 were sampled
more than once. From the 15 focal clans, 71% off¢éineales were sampled on average

(Supplementary Material 3).

All the 14 loci were in Hardy-Weinberg equilibriumnd exhibited moderate to high
heterozygosity (Table 1). All pairs of loci werelinkage equilibrium, except for one pair,
EMX-4 and EMU-17 (Supplementary Material 4). Theref we carried out the analyses
using all 14 loci and also using 13 loci after exithg the locus EMX-4, to check if the
results changed (no result changed significaniygne of the loci used showed null alleles
and the combined & and Ry(sib) were very small (based on 14 locjp B 1.34x10",

P (sib) = 1.48x1d; based on 13 loci: = 5.96x10'", Pp(sib) = 2.77x1d). The average
genetic relatedness (mean = 1.96 SE) between motfsgring pairs was 0.542 + 0.040 (n
= 32 pairs; based on 13 loci, mean = 1.96 SE =85£8.042) and there was no allelic

mismatch between these pairs.

164



Chapter 4

Table 1. Number of alleles, observed heterozygdsiy), P value for the Hardy-Weinberg

equilibrium test (HWEP), and allele sizes and their frequencies for tharicrosatellite

loci used. The flat Bonferroni correct®dvas 0.0036.

No. of
Locus alleles Ho HWEP Allele size/frequency
EMX-1 2 0.583 0.123 134 151
0.523 0.477
EMX-2 2 0.450 0.359 219 225
0.433 0.567
EMX-4 3 0.673  0.900 262 286 298
0.341 0.214 0.445
EMUO3 4 0.708 0.625 134 136 138 140
0.383 0.45 0.079 0.087
EMUO4 4 0.496  0.039 97 99 103 105
0.05 0.6550.122 0.172
EMU12 4 0.678 0.533 139 141 147 151
0.445 0.242 0.284 0.03
EMU14 6 0.574 0.516 127 129 131 133 137 145
0.013 0.07 0.078 0.591 0.022 0.226
EMU15 5 0.746  0.678 144 146 152 154 156
0.351 0.004 0.268 0.092 0.285
EMUl7 7 0.765 0.657 120 122 124 126 128 132 134
0.151 0.189 0.462 0.05 0.101 0.034 0.013
LafMS02 4 0.731 0.408 133 135 137 141
0.069 0.343 0.394 0.194
LafMS03 5 0.647 0.822 137 139 149 151 155
0.525 0.214 0.202 0.008 0.05
LafMS05 4 0.592 0.631 144 150 152 156
0.125 0.113 0.571 0.192
FH60 6 0.809 0.420 148 152 154 156 158 162
0.183 0.083 0.365 0.243 0.078 0.048
FH94 5 0.585 0.269 214 216 220 222 228
0.242 0.644 0.03 0.047 0.038

Genetic relatedness within first-level communitiéhin clans

We identified lower-level communities within claosing the Louvain method (Blondet

al. 2008) in ten focal clans. The average (£ SD) siz¢hese communities was 6.46 (£

5.479; range: 2-26). The average pair-wise gemetatedness (mean + 1.96 SE) within

first-level communities was 0.215 + 0.082 (n = 2@tflevel communities from 10 focal
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clans; mean £ 1.96 SE = 0.214 + 0.084 based orodi3there were totally 26 first-level
communities in ten focal clans but six first-lexammunities had either only a single
female sampled or no female sampled). The averagevse Al (average + SD) of females
within these communities was 0.278 + 0.197. Theeefdirst-level communities within
clans were units of closely related individualsphably as first-order and second-order
relatives. The average genetic relatedness withstilevel communities of individual clans
are shown in Table 2. Ten first-level communitiesf seven clans had average pair-wise
relatedness that were significantly greater than,aghile the average pair-wise relatedness
values in four first-level communities from fouraoks were not significantly greater than
zero (the remaining six first-level communities hadly two females each sampled),
suggesting that close associations also occurrezhg@sh unrelated females. The average
pair-wise genetic relatedness between the oldesalés of first-level communities within
clans was 0.131 = 0.124 (n = 12 pairs; six oldestdles could not be sampled; based on 13
loci, mean +1.96 SE =0.153 £ 0.112).

Genetic relatedness within clans

The average pair-wise relatedness amongst fematles wlans was 0.079 £ 0.044 (n = 15
focal clans; based on 13 loci, mean + 1.96 SE ¥4 0.038), which was significantly
greater than zero (frequency distributions of witbian pair-wiser shown in Figure 1).
Among 15 focal clans, only five clans (four clansem 13 loci were used) had average pair-
wise genetic relatedness values that were significagreater than zero, indicating the
presences of unrelated females in many clans. Veeage pair-wise genetic relatedness
values for the focal clans are shown in Table 3 aherage pair-wise genetic relatedness
within clans increased slightly when only femalédeast 15 years old were considered
(mean £ 1.96 SE = 0.097 £ 0.047, n = 15 focal ¢llased on 13 loci, mean £ 1.96 SE =
0.091 + 0.041).
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Table 2. Average Al and average genetic

relatedbesseen females within first-level

communities in ten focal clans. For each first-les@nmunity, the size of the community,

followed by the number of females genotyped arevshd/alues of that were significantly

greater than zero are marked in bold. Actual valokeselatedness are shown for those

communities in which only two females had been dathpResults based on 13 loci are

shown in Supplementary Material 5.

Clan (size/no. of First-level communities Average Al Averager

communities) (size/no. sampled) (SD) (1.96 SE)

Katrina (16/2) Community 1 (6/2) 0.250 0.061
Community 2 (10/2) 0.400 0.124

Lisa (17/2) Community 1 (5/4) 0.357 (0.164) 0.391 (0.073)

Community 2 (12/11)
Community 1 (5/4)
Community 2 (3/0)
Community 3 (4/1)
Community 1 (7/4)
Community 2 (2/2)
Community 1 (4/3)
Community 2 (2/1)
Community 1 (14/9)
Community 2 (2/2)
Community 1 (3/3)
Community 2 (5/3)
Community 3 (3/2)
Community 4 (2/0)
Community 5 (4/1)
Community 6 (4/0)
Community 1 (11/7)
Community 2 (9/4)
Community 1 (11/9)
Community 2 (8/8)
Community 3 (2/2)
Community 1 (27/26)
Community 2 (5/5)

Manasi (12/3)

Menaka (9/2)
Mridula (6/2)
Nakshatra (16/2)

Olympia (21/6)

Osanna (20/2)

Patricia (21/3)

Victoria (32/2)

0.160 (0.121)  0.006 (0.074)
0.333 (0.244)0.163 (0.115)

0.127 (0.191)  -0.0B193)
0.846 0.529
0.313 (0.024) 0.272 (0.140)
0.167 (0.110) 0.003 (0.065)
0.614 0.622
0.159 (0.106) 0.413 (0.215)
0.158 (0.100) 0.277 (0.121)
0.059 0.472

0.067 (0.078)0.178 (0.081)
0.461 (0.172) 0.263 (0.194)
0.218 (0.097) 032 (0.063)
0.131 (0.118) 0.080 (0.078)
0.368 0.170
0.090 (0.105) 0.037 (0.025)
0.284 (0.129) 0.266 (0.126)
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Figure 1. Frequency distributions of within-clanirpaise genetic relatedness (n = 1025

pairs from 15 clans). All the clans are shown tbgetin a) and individually in b). The

frequency distribution based on 13 loci is showSupplementary Material 6. As should be

the case, the average genetic relatedness acrofisfadales at the level of the entire

population was not much larger than zero.
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Table 3. Average pair-wise Al and average pair-vgsaetic relatedness, and Mantel test
correlationr, R, and P values for the focal clans. For each clan, tha cize and the
number of females sampled are shown. Valuestbét were significantly greater than zero
are marked in bold, as are significdhtvalues. A similar table based on 13 loci is in
Supplementary Material 7.

Clan ( clan size/

no. of females Averager Correlation

sampled) Average Al (SD)(1.96 SE) r R P value
Alexandra (11/7) 0.283(0.134) 0.277 (0.088) 0.023 0.001 0.465
Anabelle (11/9) 0.187 (0.145) 0.033 (0.067) -0.022  0.000 0.513
Fiola (7/5) 0.393 (0.244) 0.076 (0.158) 0.633 0.4010.069
Kasturi (8/8) 0.154 (0.123)  0.084 (0.079) 0.673 0.453 0.005
Katrina (16/4) 0.129 (0.162) -0.081 (0.107) 0.947 .890  0.033
Lisa (17/15) 0.111 (0.133) 0.038 (0.047) 0.357 8.12 <0.001
Manasi (12/5) 0.200 (0.250) 0.062 (0.123) 0.377 49.1 0.127
Menaka (9/6) 0.115 (0.240) -0.012 (0.117) 0.501 50.2 0.070
Mridula (6/4) 0.219 (0.111) 0.070 (0.177) 0.772 W5 0.259
Nakshatra (16/11) 0.140 (0.123) 0.037 (0.057) 0.229 0.052 0.068
Olympia (21/9) 0.034 (0.069) 0.132(0.063) 0.518 0.269 <0.001
Osanna (20/11) 0.087 (0.154) 0.180 (0.053) 0.240 0.057 0.055
Patricia (21/19) 0.074 (0.111) 0.028 (0.031) 0.163  0.027 0.021
Tilottama (4/4) 0.533 (0.222) 0.209 (0.226) 0.849 720 0.254
Victoria (32/31) 0.076 (0.100)  0.046 (0.020) 0.216 0.047 <0.001

Genetic relatedness and associations

At the population level, relatedness between imtligls was significantly correlated with

the strength of their associations, but the catimawas small (Mantel test: based on 14
loci: correlationr = 0.115,R% = 0.013,P <0.001; based on 13 loci: correlatios 0.112,R?

= 0.013,P <0.001) (see Figure 2). At the clan level, sixtloé 15 focal clans showed a

significant correlation between Al and relatednessrices (Table 3). Three of these six
clans were among the clans that had an averagénwitm relatedness greater than zero,

while the other three showed an overall low witbian relatedness, but showed significant
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Mantel test correlations (Table 3). Seven clansmiishow either an average within-clan
relatedness greater than zero or a correlationdstwelatedness and associations (Table 3).
We also carried out the Mantel tests separatelyeasonally partitioned data and found that
the same pattern of results was obtained baseleotry season data, and clans that showed
a significant correlation based on these data stl®aved a significant correlation based on
the wet season data wherever it was possible forpethe tests (we used clans that were
seen at least 15 times in the wet season; Supptargedaterial 8, 9). An additional clan
showed average within-clan relatedness signifigagteater than zero in the wet season
compared to the dry season and the entire dataset.

1- y =0.1652x + 0.092§
< 09- = R®=0.0746
= 0.8

Association index

-07 -06 -05 -04 03 02 -01 O 01 02 03 04 05 06 078 009 1

Genetic relatedness

Figure 2. Linear regression of pair-wise Al on geneelatedness at the population level (n
= 1029 pairs, 17 clan& = 0.081, P <0.001 when based on 13 loci).

When we examined the dyads with Al>0.5 in the fatahs, their average (x 1.96 SE) pair-
wise genetic relatedness was 0.336 + 0.116 (n=ai% from ten focal clans, the other clans
did not have any Als>0.5). The average pair-wisateeness between individuals and their
top associates was 0.254 + 0.046 (n = 124 pairdpdd clans, Figure 3), suggesting that
their top associates were their first- or secordkorrelatives. The average pair-wise
relatedness between individuals and their top @®scwas significantly greater than zero
in 11 of the 14 clans for which relatedness witk tbp associates could be estimated
(Supplementary Material 10). The average (+ 1.9% |&f-wise Al with the top associate

was 0.418 (+ 0.183). The average pair-wise gemetamtedness between individuals and

170



Chapter 4

their second associates was 0.139 + 0.044 (n 5pai28, 15 focal clans, Figure 3) and their
average (+ 1.96 SE) Al was 0.281 (+ 0.139). In foifehe 15 focal clans, the average pair-
wise relatedness with the second associate wasfisigmly greater than zero and
corresponded to second-, third-, and, perhaps, @k&n order relatives (Supplementary
Material 10). The average pair-wise genetic rela¢sd with individuals’ third associates
was 0.072 £ 0.040 (n = 122 pairs, 14 focal clang) the average pair-wise Al with the third
associate was 0.215 + 0.109. Females from all twalfclans showed generally low
relatedness values with their third associatescé¥dn’s matched pairs’ tests showed that
females were significantly more related to theip ®nd second associates than to the
average associate (top associate: n = 128, 1139.0,Z = 6.749,P < 0.001; second
associate: n = 124, = 2969.0,Z = 2.511,P = 0.012). The test was also carried out using
only females with at least seven associates, othvht least six had been genotyped, and
averaging only across the top seven. The pattemesafits remained the same for the top
associate (n = 80T = 647.0,Z = 4.667,P < 0.001) but the second associate was not
significantly more related than the average assodm= 82, T = 1357.0,Z = 1.593,P =
0.111) unless the top associate was excluded ) ¥82969.0Z = 2.511P = 0.012). The
third associate was not significantly more relaieah the average associate (n = 116G,
3246.0,Z = 0.405,P = 0.686), even after excluding the top and se@ssciates (n = 93,
=2134.0Z2=0.197P = 0.844).
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Average genetic relatedness

(@)

Top associate Second associate Third associate

Figure 3. Average pair-wise genetic relatednedsrofles with their top associates, second

associates, and third associates. Error bars @6eSE.
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Discussion

Relatedness between females within first-level agmtres within clans and with top
associates

We found high average pair-wise relatedness (0220982) within first-level communities
within clans, indicating that females in these camities were closely related as first-,
second-, and third-order relatives. This was inpkeg with the results of Vidya and
Sukumar (2005), although our first-level commusitdid not strictly correspond to their
family groups, which were just small groups of féesaseen in the field. Our first-level
communities could be larger than the typical grogpsen in the field. Not surprisingly,
females from those smaller groups seemed to hasl@glatly higher relatedness (0.365 +
0.159; n = 13 groups) than females from the firsieo communities we sampled. The
relatively high average Al (0.278 = 0.197) seen hwit first-order communities, in
comparison to the low average Al seen within cl@mapter 2), suggests that females tend

to limit their limited social time to relatives.

Females that showed strong associations were glosklted to one another. The small
number of dyads with unusually high Als (21 dyaasrf ten focal clans with Al>0.5) were
mostly first- and second-order relatives (average-wise genetic relatedness = 0.336 +
0.116). Moreover, in all the focal clans, the agerpair-wise relatedness of females with
their top associates (0.254 + 0.046) was of thellexpected from first- and second-order
relatives. The average pair-wise relatedness Wwahsecond associate was about the level of
second- and third-order relatives in many of theafaclans. These associates were more
closely related than the average associate. Thosg @ssociations were based on genetic
relatedness between females. These associateslmuglombinations of mother-daughters,
full-sisters, half-sisters, aunt-nieces, and gramith@r-granddaughters. It might be possible
to gain indirect fitness benefits, in the form obfection of calves against predators (Dublin
1983, McComb 2011) and allomothering (Gadgil andr 884, Lee 1987) through such
associates. Tigers occasionally prey on calvesuinsbudy area and we have observed
calves with wounds suggesting tiger attacks. Ptiotemf calves might be an important

benefit of living with relatives.
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Figure 4. Relationship between the number of femalmpled from each clan and the

average within-clan pair-wise relatedness.

Relatedness between females within clans

The average genetic relatedness at the clan-leasl significantly greater than zero,
suggesting that clans comprise related females.alVbeage pair-wise relatedness between
the oldest females of the first-level communitieghim clans corresponded to third-order
relatives demonstrating that clans comprised conmmesnof related females. However,
unlike in the first-level communities within clangenetic relatedness between females at
the level of the entire clan was low. Upon inspatif relatedness within individual clans,
many of the focal clans did not have average p#&ewelatedness significantly greater than
zero. Thus, there were many unrelated or distarglgted females within clans. A
speculation for the low within-clan average relaiesk values is the possible death of older,
related females. As younger females learnt abait #ssociates from their mothers, they
may have continued associating with less-relateduorelated females in the clan.
Goldenberget al (2016) found that social networks in the Samlmlephants were robust in
this manner, with daughters filling their mothessicial network roles after their mothers
had been poached. Elephants are known to exhdstitff to their groups (Moss and Lee
2011) and this continued association may help tlaequire valuable knowledge about
resource distributions or gain access to resourgeassociating with other older females
(Moss 1988, Foley 2002). Such individuals mighttsare to show nonrandom associations
with their clan members based on familiarity rattigan relatedness. On the other hand,

heavily poached or disturbed populations have shawreakdown of social structure, with
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unrelated females from surviving groups joiningetbger to form social groups (Eltringham
and Malpas 1980, Nyakaaeaal 2001, Vidyaet al 2007). Poached elephant groups with
few or no closely related associates showed lelseston (Gobush and Wasser 2009), were
more stressed, and showed reduced reproductiveutoaggnpared to females with kin-
bonded groups (Gobust al 2008).

Although elephants in southern India have not begosed to the magnitude of historical
disturbance that their counterparts in Sri Lankeedaduring the 1800s and early 1900s
(Sanderson 1879, pp. 68-69, see McKay 1973, Loriamet Whatmore 2009), southern
Indian populations are by no means completely wadied. There was sport-hunting and
capture of elephants in southern India also, aljhailne population size is not thought to
have declined (Sanderson 1879, pp. 68-8feddahs(Sanderson 1879, pp. 70-73) were
used for capturing female groups in Nagaraholeddati Park and the lagheddahtook
place in 1971. Although this is supposed to havenbased to capture entire groups, in
which case female social structure would not becidfd very much, we cannot rule out the
possibility of there having been disruptions toiabstructure. It is possible that the entire
clan was not captured and a few individuals escapddat not all first-level communities
of a clan were caught. Another possibility is teame of the females, not necessarily the
older ones, may have died of disease. Since mgrtaltords have been maintained actively
only in recent times, we do not know if there way &rge outbreak several decades ago.
Deaths of females would also explain the largeediffices in clan size despite a large
number of sightings of some of the clans. Low witbian relatedness amongst females
may also arise from increasing clan sizes. As a tlareases in size and spans a greater
number of generations, the relatedness is expéotddcrease (for example, see Leughs
al. 2005). This decline in relatedness would be nadspecially if different males sired the
females born into a clan. At present, we do nowkidat the patterns of male reproductive
success in our population are. However, a plohefriumber of females we had sampled
from different clans and average within-clan redatess did not show a clear declining trend
(Figure 4). The presence of immigrant females iansl would also reduce average
relatedness levels. However, this is unlikely asfiwd that different clans either do not
interact or interact negatively. Although it is pide that orphan females might join and
integrate into unrelated clans when they are wtiling, it is unlikely that this would be
widespread across clans. Another possibility fav leithin-clan relatedness could be the
presence of paternal relatives across clans. Sielegéedness is calculated in a relative
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manner, by subtracting the baseline allele fregesnfrom the allele frequencies in the
groups of interest (Queller and Goodnight 1989hdre were paternal relatives of females
across different clans, the within-clan relatedneesld decrease. This would be plausible
if a few males were dominant and garnered manyngsitacross clans in specific years.
Under this scenario, one would not expect synchmmlirths within clans as that would

likely result in full-sisters in the clan, increagithe average relatedness.

Sociality and direct versus indirect fitness

As mentioned previously, kinship was a strong prtediof associations in Amboseli but not
in the Samburu African savannah elephant populd#sohie et al. 2006, Wittemyeet al
2009). In Amboseli, the average relatedness betdemales that spent 90% of their time
together was 0.42 (Archet al. 2006). Such high levels of association and rdletes were
extremely rare in our population. We found thastfilevel communities were genetically
based and could offer opportunities for indiredhdss benefits. Moreover, as closest
associates were also close kin, females could lpgssgjain indirect fithess benefits.
However, relatedness was low at the level of tle.cEven in the case of first-level
communities, the average pair-wise relatednessirwifbur such communities was not
significantly greater than zero. This indicates pinesence of unrelated individuals even at
this otherwise cohesive level. Third associatesndividuals were also not more related
than a randomly chosen associate. These findinggesti that genetic relatedness between
females was not the only prerequisite for bondimgiagst them and it is possible that direct
fithess benefits are important at the level of ¢fan. Direct benefits could include reduced
predation risk (Dublin 1983, Moss 1988), increakedging efficiency or resource defense
(Moss 1988). In our study area, there is a higlguemcy of between-clan contests and
group size seems to be important in the outcomthede interactions (chapter 5). Thus,
benefits from cooperative resource defense mighihtaia bonds between females that are

not closely related.
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Supplementary Material

Supplementary Material 1. Details of the 14 mictelliée loci used in the study. Details of

the repeat unit and primer sequences are from Réoe al. (2001), Kongritet al. (2008),
Nyakaana and Arctander (1998), and Comstock €2@00).

Ann. Allele
T, time size

Locus Repeat unit Primer sequence (5' - 3") Lab@€t) (min) (bp) N,

EMX-1 (GTT)y F: AGGACTTATTTGCTTAGATGG FAM 59 1 134-1512
R: AGGCAATGTTTCGTTCTGT

EMX-2 (GTT)s F: CCCATGAGTCGGAATCCACTT FAM 62 1 219-2252
R: CCATAGGGTTGCCAAGGAATG

(GGAA)A

EMX-4 (GA);A(GGAA); F: AGTTCGTGTCTCGGTGCTGTA NED 59 1 262-2983
R: ACTTGAGGGCAGGGGAAGGTCCACA

EMUO3 (GTxGC(GTy F: AGAAGCAAAACCCATGAAGC NED 63 1 134-1404
R: TTGAAACTTGCCAGCCTCTT

EMUO4 (TG)12 F: TGACTCTCCCTCTTCTGCATC 6-FAM63 0.5 97-105 4
R: GGCTGAGAGGGAAAGAAATTG

EMU12 (AC)8 F: CCAAAGAAGACCCATGTTCC VIC 61 1 139-1514
R: CTGACTATGGGGGAGACTGC

EMU14 (GT)15 F: GCCTACATGCAGGGTTTGC 6-FAM61 1 127-1456
R: TGAGCCTCTGGCATTTATGA

EMU15 (AC)14 F: TTCGGGATGTTCTCTTCTGT PET 571 144-1565
R: GGGGCTTAACTAATAGGCTTCA

EMU17 (GT)16 F: CACTCAGAGTTCCAAGAAGCAG PET 58 1 120-1347
R: TGCCAGCCATTTCCTCTC

LafMS02 (AC)s6 F: GAAACCACAACTTGAAGGG VIC 62 1 133-1414
R: TCGCTTGTAAGAAGGCGTG

LafMS03 (TG)ss F: CATATGAACATACCGGAAC VIC 54 1 137-1555
R: GAAACTCCTCGAGTAGTAGAA

LafMS05 (AC)11 F: CCTTAGGCTGGGTTGTAT VIC 58 1 144-1564
R: AATGGACTTGGGACTTGCCAAAATGT

FH60 (CA)s F: CAAGAAGCTTTGGGATTGGG NED 61 1 148-1626
R: CCTGCAGCTCAGAACACCTG

FH94 (CA)16 F: TTCCTCCCACAGAGCAGC NED 630.5 214-2285

R: ATTGGTTAATTTGCCAGTCCC
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T, is the annealing temperature and Ann. time is #mmealing time after our
standardization. Nis the number of alleles. Allele size ranges aseld on our data after
the standardization, and allele sizes for loci ERIX-afMS02, and LafMSO03 correspond to
the sizes shown in Vidyat al (2005). Five pairs of loci, EMX-1 and EMX-4, FH&Ohd
EMU14, EMU17 and LafMS05, EMUO4 and FH94, and EMXafd LafMS02 were
amplified using multiplex PCRs. The 14 loci weraggyped in six panels: EMX-1-EMX-4,
FH60-EMU14, EMU17-LafMS05, EMUOQO3-LafMS03, EMUO4-FBEMU12, and EMX-2-
LafMS02- EMU15.
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Supplementary Material 2. Sample electropherogfaoms GeneMapper software.
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Supplementary Material 2, Figure 1. Electropherogat a homozygous individual at the
locus EMUO4. The forward primer was fluorescendpdled with 6-FAM (blue) dye. The
individual’'s genotype at this locus is 99/99.
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% Samples Plot
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Supplementary Material 2, Figure 2. Electropherogad a heterozygous individual at the

locus LafMS05. The forward primer was fluorescendgeled with VIC (green) dye. The
individual's genotype at this locus is 150/152.

187



Chapter 4

Supplementary Material 3. Details of the sampldiectzd.

Supplementary Material 3, Table 1. Females witfedgiht samples collected.

Category Number
Total samples collected 346
Females with one sample 73
Females with more than one sample 101
Total dung samples collected 337
Females with only one dung sample 73
Females with more than one dung sample 98
Total tissue samples collected 9
Females with only tissue samples 3

Supplementary Material 3, Table 2. Percentageroffes sampled in the 15 focal clans.

Clan Clan size  No. females sampled % females sample
Alexandra 11 7 64
Anabelle 11 9 82
Fiola 7 5 71
Kasturi 8 8 100
Katrina 16 4 25
Lisa 17 15 88
Manasi 12 5 42
Menaka 9 6 67
Mridula 6 4 67
Nakshatra 16 11 69
Olympia 21 9 43
Osanna 20 11 55
Patricia 21 19 90
Tilottama 4 4 100
Victoria 32 31 97
Average 71
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Supplementary Material 4. Test for linkage disdaquilim between pairs of the 14 loci used.
The pair of loci and® values are shown. The value Pfafter a flat Bonferroni correction

was 0.0005.

Locus 1 Locus 2 P Value | Locus1 Locus 2P Value | Locus1 Locus 2P Value
Emul2 Emx1 0.943 Emu04 Emul5 0.148 Laf 5 EmuQ291
Emul2z Emx2 0.061 Emu04 Emul7 0.291 Emu 17 EmxGI000
Emul2 Emx4 0.022 Emu 04 Laf5 0.608 Emu 17 Laf 30.286
Emul2 Laf3 0.518 Emu04 Emul4 0.944 Emul7 Emu@281
Emul2 Emu3 0.709 Emu 04 Fh60 0.994 Emu 17 Laf 2.548
Emul2 Laf2 0.661 Fh 60 Emx1 0.887 Emul7 EmuQ337
Emul2 Emul5 0.502 Fh 60 Emx2 0.728 Emu 17 Emx@471
Emul2 Emul7 0.004 Fh 60 Emx 4 0.496 Emu 17 Emx®381
Emu 12 Laf5b 0.523 Fh 60 Laf 3 0.587 Emu 15 Emx 1.308
Emul2 Emul4 0.918 Fh 60 Emu3 1.00¢ Emu 15 Emx@356
Emul1l2 Fh60 0.284 Fh 60 Laf 2 0.808 Emul5 Emx 4360
Emul2 Emu04 0.126 Fh 60 Emu 15 0.953 Emu 15 Laf 3.035
Emul2 Fh94 0.374 Fh 60 Emu 17 0.7471 Emu 15 Emu(3008
Fh 94 Emx1 0.840 Fh 60 Laf 5 0.916 Emul5 Laf2 728.
Fh 94 Emx2 0.788 Fh 60 Emu 14 0.136 Laf 2 Emx 1 9440.
Fh 94 Emx4 0.194 Emul4d Emx1 0.796 Laf 2 Emx 2 536.
Fh 94 Laf 3 0.588 Emul4 Emx2 0.937 Laf 2 Emx 4 910.
Fh 94 Emu3 0.756 Emul4 Emx4 0.148 Laf 2 Laf 3 068.
Fh 94 Laf 2 0.004 Emu 14 Laf3 0.413 Laf 2 Emu 3 89Q.
Fh 94 Emu 15 0.823 Emul4d Emu3 0.496 Emu3 Emx 17850
Fh 94 Emu 17 0.274 Emu 14 Laf2 0.523 Emu3 Emx 228®
Fh 94 Laf 5 0.991 Emul4 Emul5 0.173 Emu3 Emx4979
Fh 94 Emu 14 0.249 Emul4d Emul7 0.114 Emu3 Laf 3.479
Fh 94 Fh 60 0.099 Emu 14 Laf5b 0.994 Laf 3 Emx 1 342.
Fh 94 Emu 04 0.444 Laf 5 Emx1 0.401 Laf 3 Emx 2 080Q.
Emu04 Emx1 0.049 Laf5 Emx2 0.319 Laf 3 Emx 4 040.
Emu04 Emx2 0.842 Laf 5 Emx4 0.101 Emx4 Emx1778.
Emu04 Emx4 0.225 Laf 5 Laf 3 0.711 Emx4 Emx 2 498.
Emu04 Laf3 0.466 Laf 5 Emu3 0.294 Emx2 Emx1 386.
Emu04 Emu3 0.348 Laf 5 Laf 2 0.190
Emu 04 Laf2 0.963 Laf 5 Emu 15 0.023
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Supplementary Material 5. Average Al and averageetie relatedness between females
within first-level communities in ten focal clarfSor each first-level community, the size of
the community and the number of females genotypesshown. Values of that were
significantly greater than zero are marked in béldtual values of relatedness are shown
for those communities in which only two females bagén sampled. These are results based

on 13 loci (results based on 14 loci are in Tabté the main chapter).

Clan (size/no. of Average Al Averager

communities) First-level community (SD) (1.96 SE)

Katrina (16/2) Community 1 (6/2) 0.250 0.046
Community 2 (10/2) 0.400 0.148

Lisa (17/2) Community 1 (5/4) 0.357 (0.164) 0.418 (0.041)

Community 2 (12/11)
Community 1 (5/4)

Community 2 (3/0)

Community 3 (4/1)

Manasi (12/3)

Menaka (9/2) Community 1 (7/4)
Community 2 (2/2)
Mridula (6/2) Community 1 (4/3)

Community 2 (2/1)
Community 1 (14/9)
Community 2 (2/2)
Community 1 (3/3)
Community 2 (5/3)
Community 3 (3/2)
Community 4 (2/0)
Community 5 (4/1)
Community 6 (4/0)
Community 1 (11/7)
Community 2 (9/4)
Community 1 (11/9)
Community 2 (8/8)
Community 3 (2/2)
Community 1 (27/26)
Community 2 (5/5)

Nakshatra (16/2)

Olympia (21/6)

Osanna (20/2)

Patricia (21/3)

Victoria (32/2)

0.160 (0.121)  0.004 (0.073)
0.333 (0.244)0.175 (0.117)

0.127 (0.191)  -0.Q2483)
0.846 0.540
0.313 (0.024) 0.259 (0.151)

0.167 (0.110) .008 (0.069)
0.031 0.374
0.159 (0.106) 0.437 (0.225)
0.158 (0.100) 0.234 (0.080)
0.059 0.487

0.067 (0.078)0.152 (0.091)
0.461 (0.172)  0.211 (0.234)
0.218 (0.097) 03% (0.066)
0.131(0.118)  0.076 (0.084)
0.368 0.152
0.090 (0.105) .028 (0.026)
0.284 (0.129) 0.254 (0.130)

Based on data from 13 loci, seven first-level comitiess from six clans had average pair-
wise relatedness that was significantly greatemn tkaro, while the average pair-wise
relatedness values in the other seven communfti@s, six clans, were not significantly

greater than zero.
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Supplementary Material 6. Frequency distributions vathin-clan pair-wise genetic
relatedness (n = 1025 pairs from 15 clans). All ¢hkens are shown together in a) and
individually in b). A similar figure based on ddt@am 14 loci is shown as Figure 1 in the

main chapter.
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Supplementary Material 7. Average pair-wise Al avdrage pair-wise genetic relatedness,
and Mantel test correlatian R?, andP values for the focal clans, based on 13 loci.dzmh
clan, the clan size and the number of females sainaie given. Values aof that were
significantly greater than zero are marked in balsl,are significanP values. The values
based on 14 loci are shown in Table 3 in the mhapter. The same pattern as in this table
were seen when only data from the dry seasons avergsed using 13 lodP values alone
from the Mantel tests based on wet season datag(dsSi loci) are shown in the last column.

Mantel tests were done only for those clans se&aat 15 times in that season.

P
Clan (clan size/ value,
no. of females Average Al  Averager Correlation P wet
sampled) (SD) (1.96 SE) r R value season
Alexandra (11/7)  0.283 (0.134)0.209 (0.096) 0.114 0.013 0.323 _
Anabelle (11/9) 0.187 (0.145) 0.046 (0.068) -0.008 0.000 0.495 _
Fiola (7/5) 0.393 (0.244) 0.083 (0.154) 0.654 0.420.063  _
Kasturi (8/8) 0.154 (0.123) 0.082 (0.088) 0.662 30.4 <0.001 0.017
Katrina (16/4) 0.129 (0.162) -0.076 (0.123).870 0.756 0.043
Lisa (17/15) 0.111 (0.133) 0.036 (0.048) 0.379 08.140.003 0.002
Manasi (12/5) 0.200 (0.250) 0.071(0.119) 0.417 70.1 0.138 0.794
Menaka (9/6) 0.115 (0.240) -0.006 (0.12%).502 0.252 0.045
Mridula (6/4) 0.219 (0.111) 0.056 (0.184) 0.695 834 0.239 _
Nakshatra (16/11) 0.140 (0.123) 0.046 (0.060) 0.211 0.045 0.080 0.216
Olympia (21/9) 0.034 (0.069) 0.148 (0.061) 0.445 0.198 0.005 0.014
Osanna (20/11) 0.087 (0.154)0.143 (0.059) 0.202 0.041 0.070 _

Patricia (21/19)  0.074 (0.111) 0.022(0.033) 0.186 0.035 0015 0.024
Tilottama (4/4)  0.533 (0.222) 0.215(0.231) 0.852 .726  0.223
Victoria (32/31)  0.076 (0.100) 0.030 (0.021) 0.233 0.055 <0.001 <0.001
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Supplementary Material 8. Average pair-wise Al avdrage pair-wise genetic relatedness,
and Mantel test correlatian R?, andP values for the focal clans, based on 14 loci,dnly
using data from the dry seasons. For each clan¢ldresize and the number of females
sampled are given. Values othat were significantly greater than zero are redri bold,

as are significari®® values.

Clan (clan size/

no. of females Average Al Averager Correlation

sampled) (SD) (1.96 SE) r R P value
Alexandra (11/7) 0.271 (0.162) 0.277 (0.088) 0.014 0.000 0.482
Anabelle (11/9) 0.188 (0.146) 0.033 (0.067) -0.021 0.000 0.529
Fiola (7/5) 0.398 (0.245) 0.076 (0.158) 0.649 0.4210.062
Kasturi (8/8) 0.147 (0.132) 0.084 (0.079) 0.672 0.451 0.005
Katrina (16/4) 0.137 (0.170) -0.081(0.107) 0.957 .916 0.036
Lisa (17/15) 0.111 (0.146) 0.038 (0.047) 0.346 0.12 0.001
Manasi (12/5) 0.215(0.263) 0.062 (0.123) 0.414 70.1 0.135
Menaka (9/6) 0.116 (0.239) -0.012 (0.117) 0.500 50.2 0.061
Mridula (6/4) 0.222 (0.119) 0.070(0.1277) 0.741 495 0.263
Nakshatra (16/11) 0.144 (0.117) 0.037 (0.057) 0.211 0.044  0.069
Olympia (21/9) 0.024 (0.044) 0.132(0.063) 0.381 0.145 0.017
Osanna (20/10) 0.094 (0.173)0.177 (0.055) 0.253 0.064 0.055

Patricia (21/19)  0.070 (0.108) 0.028 (0.031) 0.145 0.021  0.032
Tilottama (4/4)  0.528 (0.229) 0.209 (0.226) 0.840 .706  0.251
Victoria (32/31)  0.075 (0.101) 0.046 (0.020) 0.212 0.045 <0.001
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Supplementary Material 9. Average pair-wise Al avdrage pair-wise genetic relatedness,
and Mantel test correlatian R?, andP values for the focal clans, based on 14 loci,dmnly
using data from the wet seasons. For each clanclémesize and the number of females
sampled are given. Mantel test results are shownfonthe clans with at least 15 sightings
each. Values of that were significantly greater than zero are redrikn bold, as are

significantP values.

Clan (clan size/

no. of females Average Al Averager Correlation
sampled) (SD) (1.96 SE) r R P value
Alexandra (11/7)  0.390 (0.159) 0.277 (0.088)
Anabelle (11/4) 0.500 (0.548) -0.094 (0.076)

Fiola (7/1) _ _ _ _
Kasturi (8/7) 0.290 (0.117) 0.104 (0.099) 0.58 0.337 0.013
Katrina (16/1) _ _ _ _ _
Lisa (17/15) 0.112 (0.119) 0.038 (0.047) 0.326 6.10 <0.001
Manasi (12/4) 0.286 (0.260) 0.163 (0.115) -0.248 0.061 0.836
Menaka (9/3) 0.286 (0.495) 0.189 (0.272) _ _
Mridula (6/4) 0.250 (0.387) 0.070 (0.177) _ _
Nakshatra (16/10) 0.141 (0.198) 0.050 (0.065) 0.153 0.023 0.156
Olympia (21/9) 0.044 (0.108) 0.132(0.063) 0.492 0.242 0.001

Osanna (20/7) 0.199 (0.262)0.157 (0.082) B _

Patricia (21/19)  0.067 (0.148) 0.028 (0.031) 0.154 0.024  0.032
Tilottama (4/4)  0.563 (0.190)  0.209 (0.226) _ _
Victoria (32/30)  0.092 (0.138) 0.039 (0.021) 0.179 0.032 <0.001
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Supplementary Material 10. Average pair-wise Al andrage pair-wise genetic relatedness

with the top (first), second and third associates.

Average Al Averager

Clan Associate’s rank (SD) (1.96 SE)
Alexandra  First 0.482 (0.024) 0.261 (0.137)
Second 0.405 (0.092) 0.323 (0.206)
Third 0.315 (0.089) 0.144 (0.156)
Anabelle First 0.413 (0.216) 0.101 (0.240)
Second 0.311 (0.159) -0.007 (0.084)
Third 0.181 (0.098) -0.077 (0.159)
Fiola First 0.684 (0.236) 0.425 (0.208)
Second 0.522 (0.019) -0.121 (0.006)
Third 0.274 (0.127) -0.054 (0.146)
Kasturi First 0.332 (0.070) 0.317 (0.178)
Second 0.217 (0.121) 0.140 (0.157)
Third 0.164 (0.105) 0.101 (0.149)
Katrina First 0.366 (0.118)
Second 0.350 (0.087) 0.103 (0.041)
Third 0.210 (0.119)
Lisa First 0.394 (0.150) 0.322(0.122)
Second 0.289 (0.140) 0.189 (0.096)
Third 0.248 (0.108) 0.065 (0.162)
Manasi First 0.648 (0.215) 0.173 (0.049)
Second 0.278 (0.122) 0.008 (0.152)
Third 0.273 (0.128) 0.161 (0.199)
Menaka First 0.564 (0.299) 0.117 (0.333)
Second 0.077 (0.036) -0.047 (0.125)
Third 0.115 (0.045)
Mridula First 0.328 (0.021) 0.179 (0.157)
Second 0.272 (0.054) 0.232 (0.264)
Third 0.091 (0.003) -0.114 (0.013)
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Average Al Averager

Clan Associate’s rank (SD) (1.96 SE)
Nakshatra  First 0.400 (0.132) 0.154 (0.175)
Second 0.237 (0.093) 0.016 (0.104)
Third 0.201 (0.099) 0.055 (0.111)
Olympia First 0.232 (0.088) 0.489 (0.087)
Second 0.127 (0.073) 0.331 (0.159)
Third 0.083 (0.081) 0.096 (0.122)
Osanna First 0.400 (0.259) 0.334 (0.184)
Second 0.264 (0.204) 0.187 (0.192)
Third 0.207 (0.107) 0.217 (0.158)
Patricia First 0.351 (0.122) 0.186 (0.112)
Second 0.246 (0.099) 0.067 (0.093)
Third 0.182 (0.103) 0.090 (0.080)
Tilottama  First 0.706 (0.207) 0.326 (0.282)
Second 0.558 (0.160 0.327 (0.324)
Third 0.335 (0.055) -0.026 (0.121)
Victoria First 0.403 (0.130) 0.270 (0.095)
Second 0.292 (0.085) 0.172(0.114)
Third 0.208 (0.098) 0.061 (0.093)
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Abstract

We describe here, the first study of dominanceticeiahips in female Asian elephants. We
collected data on agonistic interactions in sogiups of individually identified Asian
elephants in Nagarahole and Bandipur National Plads 2009 - mid 2012. We recorded
2104 agonistic interactions over several hundrad$of observation. Dominance was seen
both within and between clans, which is the mosiusive female social unit in this
population. Based on 530 independent agonistiadat®ns within clans, we found low
rates of agonistic interactions. No linear domimaherarchy could be detected although
there was unidirectionality in interactions, antémctions almost always had clear winners.
There was an effect of age on dominance, withatats tending to be older than recipients.
However, the clan’s matriarch (oldest adult femalgs not the single most dominant
animal in the clan, unlike in African savannah él@ms, nor the most central animal based
on social networks. Social association was notetated strongly with dominance. We
observed 516 independent interactions involvingviddals from different clans, as part of
152 clan-level interactions. Competition was marnense between than within clans, and
only about half the between-clan interactions fiesuln a clear winning clan. There were
bidirectional interactions between clans and no idance hierarchy amongst clans. We
speculate that the Kabini reservoir, built in tl8gQs and currently a large point resource for
elephants in the dry season, could have alterddrpatof resource availability in the study

area, giving rise to strong between-clan interastiand tolerance within clans.

Keywords. Asian elephant, dominance, agonistic interactioithin~clan, between-clan,

matriarch, contest, Kabini reservoir.

199



Chapter 5

Introduction

Socioecological theory posits that social systeme a balance between the costs and
benefits of group living (Kummer 1968, Dunbar 19%2) predicts that spatio-temporal
patterns of female dispersion in polygynous mammealiste to resource-risk distributions
(Wrangham 1980, Clutton-Brock 1989, van Schaik 19889, Terborgh and Janson 1986).
Food resource-based limitation of female reprodectuccess may lead to the transition
from egalitarian societies with female transfermsn groups to more socially structured,
female-bonded groups with varying inter- and intigroup competition/dominance
relationships (Wrangham 1980, van Schaik 19891141991, Stercket al 1997, Isbell and
Young 2002). Egalitarian societies with poorly difintiated dominance relationships
within groups and female transfer between groupsapected when food resources do not
limit female reproductive success (Isbell 1991). fBe other hand, when food resources
limit female reproductive success, societies apeeted to be more socially structured, with
no female transfer between groups, and with betwgeenp and within-group competition
(Isbell 1991). Food competition may occur throughamble (non-interference) or contest
(interference) competition (Nicholson 1954). If ianfant resources are widely dispersed
and cannot be monopolised by single females, sdeaotmpetition occurs and dominance
relationships within groups are expected to be \yedikferentiated, while if such resources
are clumped and can be monopolised by single fem#there is contest competition, and
despotic societies are expected to arise, withmgtlominance hierarchies within groups
(Wrangham 1980, van Schaik 1989, Isbell 1991, vanofHand van Schaik 1992, Sterek

al. 1997, Isbell and van Vuren 1996, Isbell and Yo@092). The nature of the dominance
hierarchy within groups may be individualistic oepotistic, the occurrence of which is
likely to depend on the role of kinship in socieganisation.

Dominance relationships are especially interestngtudy in Asian elephants because of
three contradicting predictions about the naturelahinance relationships in this species
(as in African savannah elephants, see Arddtieal 2006). Elephants are considered
generalist bulk feeders and resources are prestonbd widely distributed (Owen-Smith
1988). The primary food of Asian elephants is hateto be grasses (Baskaetral 2010),
which is also a widely distributed resource. Thelely-distributed, low quality resources
fed upon by elephants would predict primarily sdoéencompetition and, therefore,
egalitarian relationships within, and possibly betw, groups. However, in the African

200



Chapter 5

savannah elephant, age/size-based hierarchies esue observed (Archiet al 2006,
Wittemyer and Getz 2007). In African savannah ehepd, the matriarch (oldest adult
female) that heads each family group (Douglas-HamilL972) is often the most dominant
animal (Dublin 1983, Wittemyer and Getz 2007), algo plays an important role in
between-family group dominance (Wittemyer and G2@97). Dominance relationships
between matriarchs of different family groups wknend to be based on matriarch age, and
those between non-matriarchs of different groupsevieund to be based on the ranks of
their respective matriarchs (Wittemyer and Getz720@t must be pointed out here that
African savannah elephants show a nested multilengznisation and family groups are not
the most inclusive unit of social organisation. Hgmroups may associate together to form
bond groups, which may associate to form clans @Vasd Poole 1983, Wittemyet al
2005). Since their closest living relatives (theiédn savannah elephants) show age/size
based hierarchies, it might be expected that Aslaphants would show such hierarchies
too rather than an egalitarian society. Howevee/sige based hierarchies are expected to
be more common in species in which grouping isgestetically based (Wrangham 1980,
van Schaik 1989, Isbell 1991, Isbell and van Vui&96, Stercket al 1997, Isbell and
Young 2002). The most inclusive level of femaleiabgrouping in the Asian elephant is
the clan (chapter 2). Female Asian elephants shigiv fission-fusion dynamicssénsu
Aureli et al 2008) and are usually found in small groups, Whice subsets of a clan
(chapter 2). Females in these groups, which mayhbaght of as ‘family groups’ are
closely related to one another (Vidya and Sukun@@b52, and females within the entire clan
are also more related to one another on averagearech to the rest of the population
(previous chapter). Therefore, there might be oty for inclusive fithess benefits,
which might then predict nepotistic dominance relahips (Wrangham 1980, van Schaik
1989, Isbell 1991, Isbell and van Vuren 1996).

Dominance relationships have not been previousigistl in the Asian elephant. Since there
is no support for female transfer in the speciexr{&do and Lande 2000), except as a
consequence of social breakdown due to habitat (Mlya et al 2007), it is likely that
female reproductive success is limited to somergxXdg resources, resulting in at least a
low level of dominance between clans. We, therefaranted to examine the nature of
dominance relationships in Asian elephants to aotlwhether female relationships within
clans are egalitarian or whether there is a linkaninance hierarchy, and whether there is
an effect of age/size on dominance relationshighimiclans. Since the matriarch is the
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oldest female in a clan, we also wanted to find whether the matriarch is the most
dominant animal. Since dominance is expected tafteeted by resource availability, we
also examined seasonal difference in within-clamidance. We had observed that there
were multiple groups using the area around the matackwaters without showing any
affiliative behaviour towards one another. Therefarve also wanted to find out if there

were agonistic interactions between clans.
Methods

Field data collection

Field data were collected in Nagarahole Nationak Rad Tiger Reserve (Nagarahole) and
the adjoining Bandipur National Park and Tiger Res€Bandipur) in southern India under
the Kabini Elephant Project (see Vidgaal 2014, chapter 2 of this thesis for more details
about the study area). Both these parks are palteoNilgiris-Eastern Ghats landscape in
southern India, and harbour high elephant densfti€s4 elephants/kin AERCC 1998).
Nagarahole and Bandipur primarily consist of deoigkiforests and are separated by the
Kabini reservoir on the river Kabini, providing arde point resource with water and grass
during the dry season to elephants and other hadsv The dry season lasts from about
December to mid-June, when the wet season begapt@r 2 of this thesis). Elephants
tended to use the area around the Kabini resedwing the dry season and were more
scattered in the forest during the wet season. i&ecaf low visibility and the scattered
nature of groups in the forest, most of the behaalbdata on dominance come from areas

centred around the Kabini reservoir.

Field data were collected from March 2009 to Jud&22 between about 6:30 AM to 6:00-
6:45 PM (depending on daylight hours and field pesmAs mentioned previously (chapter
2), female elephant “groups” were identified asea f female elephants and their young
that showed coordinated movement (especially tdraon a water source) or affiliative
behaviour, and were within 50-100 m of one anotidir.elephants within groups were
aged, sexed, and individually identified (see Vidyal 2014). Ageing was done based on
skull size, body size, the top fold of the ear, atiter body characteristics, using the Forest
Department’s semi-captive elephants of known ageke area as a reference (see Vieya
al. 2014). Females were broadly categorized as cdkEsyear), juveniles (1-<5 years),
subadults (5-<10 years), or adultd@>years; although individuals older than 15 ydwnge
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been referred to as adults in Vidgaal 2014, since we subsequently found that females
were often sexually mature at 10 years of age, ave lused 10 years here). Adult females

were further placed into 5- (up to about 20 yedmsge) or 10-year age intervals.

Data on dominance behaviours were obtained thradglibitum and focal group sampling
(see Altmann 1974). The latter was part of behaalosampling carried out in half-hour
cycles, consisting of a scan (5 minutes), grouptipospictures (5 minutes), focal sampling
(15 minutes), and a 5-minute break. Behaviours saglcharges, chases, pushes, shoves,
displacements, supplants, lashing out with trumékikg, trunk wrestling, pulling tail, and
placing trunk over the head of another animal sitme force, were recorded as agonistic
behaviours. Subordinate behaviours included walkimckwards, turning away and walking
or running, cowering down and tilting head up dlighand looking backwards and walking.
In dominance between individuals, the initiatotloé interaction was considered the winner
if the other individual physically retreated in serway, by either walking away, being
supplanted, cowering down or flinching. There waswinner if the recipient ignored the
initiator or retaliated, but ineffectually. Occasadly, the recipient would retaliate in such a
manner as to make the initiator walk away hurrigdity which case, the recipient was
considered the winner. All the focal sampling andstnof thead libitum sampling were
recorded on a Sony HDR-XR100E video camera. Althosicpring was done in the field,
we also went through all the video footage to aomfthe behaviours and identities of
animals engaged in such agonistic behaviours. étluoences of agonistic interactions,
both within and between clans, were recorded aisdwhs done irrespective of whether the

participants in the interaction were adult femaesot.

Data Analysis

An agonistic interaction was said to be independentanother agonistic interaction
involving the same animals only if the individuéésl or interacted with another individual
between the two interactions. Agonistic interactiopetween two clans were usually
considered independent only if they occurred orfedbht days. We analysed non-
independent and independent interactions to userti® as a measure of the intensity of
dominance. All interactions were considered dyaditherefore, an individual

simultaneously winning against more than one imligl (such as during displacements)
was scored as multiple dyadic interactions (seehi&ret al 2006). However, such

interactions were not common.
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Dominance data were tested for linearity of domaeansing Landau’s indelx (Landau
1951) and de Vries’ corrected index(de Vries 1995). Linear dominance hierarchies are
obtained when triadic relationships are transi{itéd dominates B and B dominates C, A
also dominates C) and not circular (A dominatedBRlominates C, and C dominates A).
Linear dominance hierarchies also show largely itggtional interactions within dyads (if
A dominates B, B usually does not dominate A). Remgity (retaliation) of agonistic
interactions was calculated through a Mantel Z bystomparing the dominance matrix
with its inverse. These analyses were carried sitguSOCPROG 2.4 (Whitehead 2009),
which runs on MATLAB, and statistical tests wereriga out using Statistica 8 (StatSoft
2007). Other data manipulation and analyses wereedaout in MATLAB 7 R2004a (The
MathWorks, Inc, 1984-2011, www.mathworks.com). Tate of dominance between pairs
of individuals was calculated by dividing the numlaé agonistic interactions observed
between those individuals by the amount of timetihe individuals were sighted together.
This was then averaged across all pairs of indalglseen together within each group. We
examined the effect of age on dominance by carrgirtg/Vilcoxon’s matched-pairs tests on
the ages of the initiators and recipients. We aklloulated the average dominance index
(see Hemelrijket al. 2005) for adult females within clans and rankesht using this index.
We examined if older females showed higher ranke &0 carried out Mantel tests
(Mantel 1967) to find out whether individuals tive¢re farther apart in age interacted to a
greater extent than those of similar ages. We exagntihe correlation between the absolute
age differences of initiators and recipients anel tittal amount of dominance (given and
received) between them. In additidriests were carried out to examine the differemce i

ages between individuals that were part of an agjerinteraction and those that were not.

We also calculated centrality measures of femaiesrder to find out how important a
female was in her clan’s association network. Asgmn data were already available from
previous work (chapter 2). Degree centrality (thenber of associates a focal female has, or
the number of nodes a focal node is connected tbametwork), closeness centrality (a
measure of how close a female, or node in the n&fwsto others, calculated as the inverse
of the sum of path lengths from a focal node totlal other nodes), and betweenness
centrality (a measure of how important a femalénishe connectedness of the network,
calculated as the proportion of all shortest pdthsveen all other pairs of nodes that go
through the focal node) were calculated using G@phi(Bastiaret al 2009). Dominance
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networks were created using NetDraw (Borgatti 2002¢ examined whether dominance
networks were random by comparing the in-degreen{dance received) and out-degree
(dominance given) distributions of the observedvoek against Poisson expectations that
would arise from an Erdds-Rényi random network &rdnd Rényi 1960) using chi-square

tests.

We also examined the relationship between the gfinenf association between adult
females within clans and the number of agonistieractions between them. The strength of
association was measured using the associatiox i#dg between pairs of adult females,
as the ratio of the number of times two femalesndl B were seen togetheX ) to the
number of times either A or B was observBHL, whereN is the total number of sightings
andD the number of times neither A nor B was seen) ¢@éng and Young 1992). This was
based on previously collected association datapfeha?). Since we were not sure if
resource availability differed between the dry avet seasons in our study area, we also
examined agonistic interactions across season$y season as a proxy for resource
availability. An ANCOVA was carried out with the miper of agonistic interactions/hour as
the dependent variable, season as the categomedicfor, and average group size as a

continuous predictor.

We analysed between-clan dominance at the indiVidwal and at the clan level. There
could be multiple individual-level interactions thaccurred during a single clan-level
interaction. Therefore, we examined the effect gk aseparately in individual-level
interactions, and examined the effect of age andsize in clan-level interactions. One
clan had to displace or supplant the other fronfei€gling patch in order to be deemed the
winner of the clan-level interaction. Therefore,was possible to have individual-level

winners but no clan-level winner in between-clameiactions.

Results

We recorded a total of 2104 (independent plus mdependent) agonistic interactions, of
which 1511 were collectead libitumand 593 during 121 focal sampling sessions (otal t
duration of 105.2 hours; 26 of the focal sampliegssons were less than half an hour long

as the elephants moved away).
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Within-clan dominance relationships

A total of 739 agonistic interactions were obserweithin groups, of which 530 were
independent interactions. There were clear winme@8% of the independent interactions,
and the initiator of the agonistic interaction vilas final winner of the interaction 96.6% of
the time, across all independent, within-group rextdons. The types of agonistic
interactions and their frequencies are shown inlefrdh and the proportions of different
agonistic interactions across five different clame shown in Figure 1. Although within-
group agonistic interactions were recorded in X&w#nt clans, we analysed interactions
from only the five clans for which at least 30 ipdadent agonistic interactions had been
recorded because the other clans showed low nunolbexrgonistic interactions (Table 2).
Most of the five clans showed similar proportiofigizplacements and pushes, which were
the two most common types of agonistic interactidtiewever, Kasturi's clan showed a
larger number of pushes (Figure 1), largely becafisme individual.

Based on the focal sampling sessions, the ratad&piendent agonistic interactions within
clans, including all clan members, was 0.053.620 per min (3.2 interactions per hour) and
the same involving only females was 0.020.815 per min (1.3 interactions per hour). The
rates appear to be even lower when the total ticlarais observed is considered (Table 2),
but that was because there were many sightingsast duration during which a dominance
event would not be likely to occur because of i Hominance rate. We did examine
whether the number of interactions/hour changetl Wié duration of the observation bout
and found that it did not appear to (Figure 2), the Cl was very large for 10 minute
observations. The average 5% CI) pair-wise dominance/hour for pairs of ademales
within clans was found to be low but variable (&080.032 in Kasturi’'s clan, 0.023 +
0.014 in Lisa’s clan, 0.095 6.090 in Patricia’s clan, 0.209 3:098 in Unnati’s clan, and
0.050_+0.021 in Victoria’s clan).
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Table 1. Agonistic behaviours within clans and rthebsolute and relative frequencies.
Interactions that were similar have been groupegtteer. Abbreviations: CHS — chase,
CHR - charge, PSH — push (with head), POK — pokk tusks (by young males that were
part of female groups), HIT — hit (head on head; k kick, SHO — shove (with body),
LSH — lash out with trunk, PUL — pull tail with tnk, SUP — supplant, PSP — push slightly
and supplant, DIS — displace, AVO - avoid, AVB ntaway, WBW — walk backwards,
BLK — block (but not through physical contact), NDGnhudge, TCH — touch face/mouth
roughly, not in a gesture of placation, TRH — placek on head, again not in an affiliative
manner, PTR — pulling/holding the trunk and preiwrenthe animal from feeding, CHK —

checking the genitalia of another female (but rdyigh

Absolute Relative

Type of dominance frequency frequency
CHS/CHR 26 0.035
PSH/POK/HIT 183 0.248
KIC 47 0.064
SHO 26 0.035
LSH/PUL 38 0.051
SUP/PSP 68 0.092
DIS/AVO/AVB/WBW/BLK 252 0.340
NDG/TCH/TRH/PTR 61 0.083
CHK 38 0.051

207



Chapter 5

0.6
0.5 M
O Kasturi
5 0.4 1 | _
g O Lisa
o
S 0.3 O Patricia
o 0.2 - B Unnati
B Victoria
0.1+
0.0 ,J:D:‘ ‘ ‘ ’7

CHS PSH KIC SHO LSH SuUP DIS TCH CHK

Type of dominance

Figure 1. Proportions of different types of aganigiteractions across five clans.
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Figure 2. Rate of independent agonistic interastipiotted against observation duration for
interactions by all individuals and for those inwio only adult females. Error bars are
95% ClI.

We found no linear dominance hierarchy within ahyhe five clans tested (Kasturi's clan:
Landau’sh=0.114, expected random value=0.200; de Vrig@s0.257, test for linearity
P=0.288; Lisa’s clan: Landaul$=0.020, expected random value=0.120; de Vii&es0.129,
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test for linearityP=0.442; Patricia’s clan: Landau's-0.016, expected random value=0.079;
de Vries’h'=0.088, test for linearity?=0.364; Unnati’'s clan: Landauls=0.130, expected
random value=0.188; de Vriedi=0.277, test for linearityP=0.217; Victoria’s clan:
Landau’sh=0.012, expected random value=0.043; de Vri@s0.052, test for linearity
P=0.205). The test for reciprocity (retaliation), waver, showed unidirectionality in
Kasturi’s clan (Mantel Z-test for absolute reciptpcZ=-0.088,P=0.944, Hemelrijk Rr-test
for relative reciprocity,Rr=-0.006, P=0.495), Patricia’s clan (Mantel Z-test for abselut
reciprocity, Z=-0.038, P=1.000, Hemelrijk Rr-test for relative reciprocit{gr=-0.043,
P=0.974), Unnati’'s clan (Mantel Z-test for absoluteciprocity, Z=-0.103, P=1.000,
Hemelrijk Rr-test for relative reciprocitygr=0.009,P=0.442), and Victoria’s clan (Mantel
Z-test for absolute reciprocity=-0.023,P=0.981, Hemelrijk Rr-test for relative reciprocity,
Rr=-0.024,P=0.953). The relative, but not absolute, recipsotast was significant in Lisa’s
clan (Mantel Z-test for absolute reciprocit¥~0.038, P=0.223, Hemelrijk Rr-test for
relative reciprocity,Rr=0.136, P=0.004). Thus, although there was unidirectionality
agonistic interactions, with little retaliation leten individuals, we were not able to detect
a linear dominance hierarchy in any of the clankisTwas not so much because of
intransitivity (in which A is dominant over B, B ew C, and C over A, which contributes to
a lack of linearity) in triads, but because mamgividuals did not interact (in a dominance

relationship) with one another at all (Figures 33, 4

Analysis of degree distributions of the focal clademinance networks showed that the
observed distributions of in-degree were randd»0(05, df<5) in all clans except
Victoria’s clan (all individualsx?=72.801, df=11P<0.001; only adult femalex*=20.874,
df=7, P=0.004). This could be a result of small sample iz degrees in the other clans.
The out-degree distributions of Kasturi’s and Lssefans were random based on chi-square
tests P>0.05, df<5), non-random based on Patricia’s anadtlis clans only when all
individuals were included (Patricia’s clan: all imduals: X*=120.955, df=7P<0.001; only
adult females?=2.758, df=3,P=0.430; Unnati's clan: all individuals{?>=79.833, df=6,
P<0.001; only adult femalex?=8.966, df=4P=0.062), and non-random in Victoria’s clan
when either all individualsxf=635064.021, df=8P<0.001) or only adult females were
included §?=126.397, df=9P<0.001).
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Figure 3. Within-group dominance networks for tive focal clans based on all individuals.
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211



Chapter 5

Kasturi's clan Unnati’s clan

Udantika

QKokila Unnati

Keerthana

Udbhavna

Lisa’s clan Patricia’s clan

Lily Linette TDanielle

Victoria’'s clan

=P Floppy_ears

glltamara

/‘ \'7 HIna

: Sunaina
[ rle Seren
b 4

>
A

N,
J ictoria N }""‘

PImperia

¥'Supri

FUrsula

BSuveera,
Ulpomoea
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Figure 5. Numbers of agonistic interactions betwadult females in the five focal clans.

The rows represent the aggressors and the coluepnesent the recipients of dominance.
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Females are ordered by age, decreasing from leftiglt, and from top to bottom.
Therefore, if dominance was based on age, one wexpdct to see most of the dominance
in the upper triangles. Such instances when therd&male won the majority of agonistic
interactions are coloured in black, and those wthenyounger female won the majority of
agonistic interactions are coloured in grey. Whitpiares represent either no agonistic

interaction or an equal number of aggressive iotemas shown by both individuals.

Effect of age on within-clan dominance and the afléhe matriarch

As mentioned above, we did not find clear evidefocea linear dominance hierarchy; tests
for detecting hierarchies were not significant blmost all interactions had clear winners
and bidirectional interactions were rare. We exauithe effect of age on dominance and
found, based on the entire dataset of agonisterantions within clans, that the ages of the
initiators and recipients were significantly diet (Wilcoxon’s matched-pairs tedtz529,
Z=15.92,P<0.001), with the initiators tending to be oldearhrecipients (mean +.96 SE
age of initiators: 32.3 4.39, of recipients: 15.1 $.17). The dataset of only adult females
also showed a significant difference between thesagf the initiators and recipients of
agonistic interactions (Wilcoxon’s matched-pairstteN=238, Z=9.51, P<0.001), with
initiators being older on average than recipiemgedgn_+1.96 SE age of initiators: 37.6 +
1.76, of recipients: 24.7 %+.61). The percentage of independent agonisteractions in
which older individuals won was 85.55% when alliunduals within clans were considered,
and this was 77.73% when only adult females weresidered. The significant difference
between the ages of initiators and recipients lloaAges included) remained when each of
the five focal clans was tested individually indhgl all individuals (Wilcoxon’s matched-
pairs tests: Kasturi’s claiN=33, Z=3.17,P=0.002; Lisa’'s clanN=35, Z=4.08, P<0.001,
Patricia’s clanN=87, Z=6.96,P<0.001; Unnati's clanN=31, Z=3.66,P<0.001; Victoria’s
clan: N=272, Z=11.41,P<0.001) and largely remained when only interactionslving
adult females were analysed (Wilcoxon’s matchedspasts: Kasturi’'s claN=11,7=1.20,
P=0.230; Lisa’s clanN=17, Z=3.55, P<0.001; Patricia’s clanN=39, Z=4.83, P<0.001,;
Unnati’'s clan:N=19, Z=1.85, P=0.064; Victoria’s clan:N=118, Z=6.46, P<0.001). The
effect of age can be seen in Figure 5, in whichtrobshe agonistic interactions are found
above the diagonal. However, there were also skwestances of younger individuals
dominating older individuals in four of the fiveatis (Figure 5).
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Mantel tests (Mantel 1967) to check for correlasitaetween the absolute age differences of
initiators and recipients and the total amount omdance (given and received) between
them showed no significant correlation in four dgKasturi’'s claniR=-0.141, one-tailed
P=0.318; Patricia’s clankR=0.031, one-tailedP=0.331; Unnati’s clanR=0.042, one-tailed
P=0.406; Victoria's clan:R=-0.061, one-tailedP=0.089), and a small but significant
correlation in Lisa’s clanR=0.167, one-tailedP=0.018). Therefore, individuals of similar
and different ages did not interact agonisticallyddferent rates. Similarly, whetitests
were carried out to examine the difference in dggween individuals that were part of an
agonistic interaction and those that were not, onlsa’s clan showed a significant
difference Nno_donm159, Ngon=12, 1=-2.046,P=0.042), with the set showing no dominance
being closer aged than the set showing dominanoee Nf the other clans showed a
significant difference in thig-test (Kasturi’'s clanNno dgon=13, Nyon=8, t=0.890, P=0.384;
Patricia’s clan: Nno donm184, Ngon=26, t=0.488, P=0.626; Unnati’'s clan:Nn, donr24,
Naor=12, t=0.175,P=0.862; Victoria's clanNne donm512, Ngon=83, 1=1.511,P=0.131) and
seemed to show different patterns qualitativelyn®of theF-ratios (for variances) were

significantly different from one (P>0.2).

While there was some effect of age on dominaneecldn’s matriarch (oldest adult female)
was the single most dominant adult female in omlg olan (Figure 6). When we looked at
the proportions of other adult females within claaswhich dominance was shown, the
highest proportion (of clan-mate adult females) wasinated by the matriarch only in
Lisa’s clan and was dominated by non-matriarchather clans (Figure 7). A non-matriarch
dominated a greater proportion of individuals eweriisa’s clan if the proportion of all
individuals in the clan and not just adult-fematbat were dominated were examined.
Based on dominance ranks, the matriarch was nasitigge most dominant female in any
clan (Figure 8). Centrality measures calculatecttbas the association network of all adult
females showed that the matriarch did not havehigkest degree centrality in any of the
five clans. The matriarch shared the highest cleserand betweenness centrality with
another individual in one clan, and did not have thghest closeness or betweenness
centrality in the other clans (Figure 9). Spearmamk order correlations using centrality
measures and ages of all the individuals in thedaatson network showed significant
positive correlations between degree centralitypsehess centrality, and betweenness
centrality (degree and closeness centralRy0.766, P<0.05; degree and betweenness
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centrality: R=0.696, P<0.05; closeness centrality and betweenness ciyitr&=0.743,

P<0.05). There was no clear relationship between idante and centrality measures,

although the highest dominance seemed to corredpantermediate degree centrality.
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animal is the matriarch.
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Figure 9. Centrality measures of adult femaledifiier@nt clans plotted against age.

Association index, seasonality, and within-clan a@mce

There was no relationship between association irfdean Al +95% CI: Kasturi’s clan:
0.26 +0.068, Lisa’s clan: 0.10 6.024, Patricia’s clan: 0.07 3.016, Unnati’'s clan: 0.22 +
0.075, Victoria’s clan: 0.09 40.009) and the total amount of dominance (numler o
agonistic interactions) given or received in Kasuclan (Mantel testR=0.146, one-tailed
P=0.259), Lisa’s clanR=0.142, one-taile®=0.056), or Unnati’'s clanR=0.327, one-tailed
P=0.026), but there was a small but significant €lation in Patricia’s clanR=0.248, one-
tailed P=0.004) and Victoria’'s clafiR£€0.299, one-tailedP=0.001) (Figure 10). This could
be due to the last two being larger clans thandthers and, therefore, having a greater

number of combinations of Als and levels of domz®gn

An ANCOVA carried out with the number of agonisiiteractions/hour as the dependent
variable, season as the categorical predictoragedage total group size (including animals
of all ages in the group) as a continuous predistmwed an effect of total group size, but

no effect of season on the rate of dominance (Talide details of clans used, Table 3).
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Table 2. Clan name, number of hours of observatamd the number of independent

agonistic interactions seen involving all indivitkjaluring the dry and wet seasons.

Dry season Wet season
No. of No. of
Clan Hours of independent Hours of independent
observation agonistic observation agonistic
interactions interactions
Alexandra 2.1 0 0.7 0
Anabelle 43.9 13 0.6 0
Cleopatra 5.2 0 4.9 0
Elizabeth 2.0 0 2.8 0
Fiola 3.6 0 0.0 0
Gregoria 9.1 1 1.5 0
lanthe 7.5 0 0.0 0
llaena 15.2 7 0.0 0
Isabella 12.2 0 0.0 0
Kasturi 142.5 33 2.3 0
Katrina 21.8 5 1.9 0
Lalanti 3.8 0 0.0 0
Lisa 128.8 34 15.5 1
Loganayaki 1.1 1 0.0 0
Manasi 27.0 4 0.3 0
Menaka 38.6 4 0.4 0
Mira 10.8 0 0.0 0
Nakshatra 64.7 8 7.2 0
Olympia 44.2 3 13.7 1
Osanna 65.4 7 6.3 2
Patricia 249.0 87 18.0 0
Peggy 102.0 6 4.7 0
Tanya 0.0 0 2.9 0
Thamarai 2.5 1 0.7 0
Tilottama 12.5 4 6.8 4
uUnnati 17.2 31 2.2 0
Victoria 387.4 271 15.3 1
Yasmine 3.9 0 1.4 0
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Table 3. Results from the ANCOVA with the numberagfonistic interactions/hour as the
dependent variable, season as the categoricalcpyedand average total group size as a

continuous predictor.

Effect SS df MS F P
Average group size 0.392 1 0.392 4.535 0.039
Season 0.151 1 0.151 1.747 0.193

Between-clan dominance

We observed 516 independent interactions betwediniduals from different clans. The
number of non-independent interactions per indepehdteraction was much higher in
between-clan dominance (1.53) than in within-clamahance (0.39). In between-clan,
individual-level agonistic interactions, 91.2% oietinteractions had clear winners at the
level of individuals, as opposed to 98% of theratéons showing clear winners in within-
clan interactions. However, despite the high proporof individual-level winners, only 79
of the 152 between-clan interactions that werepedéent at the level of clan, had a clear
winning clan that displaced the other clan fromféesding area. In keeping with this, we
found no linear dominance hierarchy amongst grqupadau’sh=0.167, expected random
value=0.200; de Vried¥=0.281, test for linearit{?=0.177). The test for reciprocity showed
retaliatory interactions between clans (Mantel &-téor absolute reciprocityZ=0.473,

P<0.001, Hemelrijk Rr-test for relative reciprocigr=0.140,P=0.012) (see Figure 11).

In the independent, individual-level interactiorstveen clansN=516), the initiator was
significantly older than the recipient (averagé.96 SE, initiator age: 32.2 439, recipient
age: 23.0_+1.39; Wilcoxon’s matched-pairs te&:9.590,P<0.001, Figure 12). When we
examined only the first (independent) interactiohbetween-clan interactions, the average
(1.96 SE) initiator age was 35.2 (2.37) and theraye (1.96 SE) recipient age was 27.8
(2.50) (Figure 12). We then examined the first ¢jpeindent) interactions at the level of
clans under situations when there was a winning ated when there was no clear winner.
When there was a clear winner, the initiator waenthan the recipient (averagd. 96 SE,
initiator age: 34.7_+3.61, recipient age: 27.6 3.57; Wilcoxon’s matched-pairs test,
Z=3.013,P=0.003), the winning clan’s matriarch was oldemtliiae losing clan’s matriarch

(average +1.96 SE, winning clan’s matriarch’s age: 57.3.¥%1, losing clan’s matriarch’s
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age: 53.1 #.20; Wilcoxon’s matched-pairs teZt2.483,P=0.013), and the winning clan’s
oldest adult female present at the time of theraatéon was older than the losing clan’s
oldest adult female present (averagé.96 SE, winning clan: 48.3 242, losing clan: 38.5
+ 2.86; Wilcoxon’s matched-pairs tegt4.371,P<0.001). When there was a clear winning
clan, the total group size (averagel06 SE, winning clan’s group: 8.29 1090, losing
clan’s group: 4.80 +0.870; Wilcoxon’s matched-pairs teg+4.158, P<0.001; the total
group size includes all individuals, including degent offspring and subadults of both
sexes who may be part of the group at the timéefiiteraction) and the number of adult
females in the group (averagel#96 SE, winning clan’s group: 3.700#485, losing clan’s
group: 2.39 +0.361; Wilcoxon’s matched-pairs te&t3.646,P<0.001) of the winning clan

were also larger than those of the losing clanyifed.3).

When there was no clear winning clan, while thdiator was older than the recipient
(average_+1.96 SE, initiator age: 35.7 3.06, recipient age: 27.5 3.54; Wilcoxon’s
matched-pairs tesZ=3.503,P<0.001), the initiator’s clan’s matriarch was najngficantly
different in age from the recipient’s clan’s maitcia (average .96 SE, initiator’'s clan’s
matriarch’s age: 57.4 +.81, recipient’s clan’s matriarch’s age: 55.11#7; Wilcoxon’'s
matched-pairs tesf=1.346,P=0.178), and the oldest adult female present atirtie of the
interaction in the initiator’s clan was not sigodntly different in age from her counterpart
in the recipient’s clan (averagelt96 SE age, initiator’s clan: 45.92458, recipient’s clan:
42.6 + 3.16; Wilcoxon’s matched-pairs tesf=1.489, P=0.136). The total group sizes
(average_+1.96 SE, initiator's group: 6.94 +.220, recipient’'s group: 6.50 %.106;
Wilcoxon’s matched-pairs tesZ=0.102, P=0.919) and the number of adult females
(average_+1.96 SE, initiator's group: 3.21 €.562, recipient’s group: 3.14 6.460;
Wilcoxon’s matched-pairs tesZ=0.368, P=0.713) were also not different between the

initiators’ and recipients’ groups when there wasainning clan (Figure 13).
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Fiola

Figure 11. Between-clan dominance network. Eachenloere represents a clan and is
named with the clan’s oldest adult female. Linedidate agonistic interactions in the
directions the arrows point towards. Maroon lines anidirectional relationships and red

lines are bidirectional relationships.
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Figure 12. Average ages of the initiator and rexipiin between-clan interactions, at the
individual-level and during the first individualdel interaction of a between-clan

interaction (subset of the former). Error barstaB6 SE of the mean.
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Figure 13. Group sizes of the winning and losingugrduring between-clan interactions
when there was no winning clan and when there wadsaa winning clan. Winner and loser
correspond to initiator and recipient when theres wa clear winner. The total number of
individuals in the participating groups (Total) atice number of adult females (AF) are

shown. Error bars are 1.96 SE of the mean.

Discussion

This is the first study of dominance relationshipgemale Asian elephants. We recorded
agonistic interactions within and between clans, &hd 530 independent agonistic
interactions within clans, and 516 at the individiealel between clans. Since most of our
time was spent observing single clans, betweenag@mistic interactions seem to be more
frequent than within-clan agonistic interactionseMathin-clan rate of dominance was low
but variable across clans, ranging from an avecd@e023 (+0.014) agonistic interactions
between pairs of adult females per hour to an aeech 0.209 (#.098). The corresponding
rates of dominance/hour (mearSE) in African savannah elephants in Amboseli bhaen
found to be 0.14 #.02 amongst mother-daughter pairs, 0.18.863 amongst maternal
sisters, and 0.05 6.01 amongst non-first-order maternal relativescfie et al 2006).
Therefore, it appeared that there was a correlé@ween the time spent in association and
the frequency of dominance in Amboseli. We did miat fany correlation at least between
Al and total dominance in three of the five clamsanained, and there was only a small
correlation in the other two clans. Whether the atasn across clans in the frequency of
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agonistic interactions arises from variation ingoerality, demography, or ecology remains

to be seen.

We found no linear dominance hierarchy within classtested using Landausor de
Vries’ h'. However, there was a significant effect of age dominance, with initiators
tending to be older than recipients. The effectagé was lower than that seen in the
Amboseli African savannah elephant population, imol older adult females won 94% of
the agonistic interactions observed. In our popatatolder females won 78% of the
interactions, and the initiator of the agonistitemaction was found to be the final winner
nearly all the time. The percentage of reversatsifger females winning against older
females; 22%, but varied across clans from 0-33%8 wuch higher though than in the
Amboseli population, where it was 4-6%. The abseoicéinear dominance hierarchies
within clans was not a result of intransitivity, thhaecause many individuals did not show
agonistic behaviours to one another at all, desése clans being observed for long
periods of time. Although a linear dominance hielngr based on age was reported in
African savannah elephants (Arclgeal 2006), that was also not based on Landauws

de Vries’h', and was, instead, based on the consistencyegtitin of aggression between
individuals and transitivity, on the argument ttiese were better at measuring competition
(Rutberg 1986, Isbell and Pruetz 1998, Isbell amding 2002, Koenigt al 2004). If we
were also to use only transitivity and unidirectibty as criteria, our population might also
show a linear dominance hierarchy. However, we alatimnk it is really appropriate to do

this because several pairs of individuals had Iseen interacting only once.

Although there was an effect of age on within-ctlominance, the matriarch, which was
defined as the oldest adult female in the clan, mashe single most dominant animal. In
African savannah elephants, the matriarch was tbet dominant animal in the family

group and the dominance status of non-matriarcheiween-family group encounters was
correlated with the dominance ranks of matriarchtheir respective groups (Wittemyer and
Getz 2007). While a strong leadership role of tlariarch has been postulated in the latter
(McCombet al. 2001, Wittemyer and Getz 2007, Mutineaal 2011), which could relate

to the matriarch’s high dominance (Dublin 1983)sipossible that decision-making may be
less centralized in the Asian elephant over thetdlean. When we measured centrality in
the association network, we did not find the mathato be the most central animal in the
clan. This may stem from the differences in sostalicture between the two species, with
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smaller groups in Kabini despite similar clan si{ese chapter 2) and, therefore, the

absence of the matriarch on a day-to-day basis.

With seasonality as a proxy for resource availghiive found that there was no significant
effect of season, but a significant effect of graipe, on within-clan dominance rates.
Sampling was low during the wet season simply beesalephants could not be spotted.
Radiocollaring of animals in order to find them aolotain observations during the wet
season might allow for a better understanding af Beasonality affects dominance. It is
also very important to quantify resource (eleptHant plants) availability and distribution,
and monopolisability of these resources. We sugtest resource availability may be
driving between-clan dominance even if not withiarcdominance. As mentioned above,
we found a large number of between-clan agonisteractions and these interactions were
more intense than within-clan interactions; the hamof non-independent interactions per
independent interaction was several times higherbatween-clan than within-clan
interactions. These interactions occurred aroured Kabini reservoir backwaters, which
appears to be a large point resource (offering watkel grass) during the dry season.
Elephant densities in Kabini are very high in thg sleason near the backwaters, and the
intense competition between clans may have reduggmin-group dominance, leading to
between-group contest with weak within-group intéoms (see van Schaik 1989). Large,
clumped point resources are required for betweenggrcontests to be profitable to the
winning group (Wrangham 1980, van Schaik 1989, lIsti891). Areas around the
backwaters may actually be defended by groupsoudiin grass is usually thought of as a
non-defendable resource. On the other hand, typiegndable resources such as fruiting
trees, which can be defended by single individuats, rare in our study area. This is
consistent with the absence of a clear dominare@twhy within clans.

We also found that only about half the independaanistic interactions at the clan level
had a clear winning clan, and there was no dommdmerarchy amongst clans, with
retaliatory interactions instead. This, along whle intensity of competition, suggests that
the between-clan dominance here may be recent, nitfenough time having passed for
different clans to settle down to a pattern. ThebiKiareservoir was created by the
construction of the Beechanahalli Dam across tivemR{abini in 1974. The creation of the
reservoir could have led to loss of habitat for eartans (with over 60 kfrof forest being

submerged) but also the creation of the large pesdurce that was previously unavailable,
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thus effecting changes in resource distribution dmphants traditionally using the area.
Whether this large point resource has given riséhéohigh between-clan competition or
whether this is the natural kind of competition augst elephant clans in the larger area
needs to be examined in the future. Surface wataitadility is known to drive elephant
distribution in southern Africa (Chamaille-Jammetsal 2007, de Beer and van Aarde
2008), and artificial water sources can affect ledepp movement and, consequently, the
pressure on vegetation (Loaret al 2009). Whether the Kabini reservoir has led to
unnatural aggregations of females, which has, im tied to strong between-group
dominance between clans can be examined by rathoog elephants and examining
between-clan dominance across their home rangeseas away from the Kabini reservoir.
In the absence of collared animals, the areaslieae identified elephants range across are
not known. Although there has been no previousystud Asian elephant between-clan
dominance, other populations in southern India aloseem to show high levels of between-
clan dominance (TNCV, personal observations, angdk&an 1998). During a study
following three radiocollared clans of elephantsMadumalai Wildlife Sanctuary, in the
Nilgiris-Eastern Ghats landscape, southern IndiagskBran (1998) observed one
independent between-clan agonistic interactiory wite clan shifting its range considerably
the next day, and had inferred the role of a dongeaiierarchy between clans in space use.
No other physical aggression between clans wasada$eluring that entire study, while we
have observed 152 such interactions between cldns. high frequency of between-clan
interactions suggests that the reservoir couldlagimy a role in between-clan dominance.
In Samburu, dominant groups had smaller home rangee closer to permanent water
sources during the dry season, and travelled hess lbw ranking groups (Wittemyet al
2007). The Kabini population has probably not hadugh time to respond to the change in

resource, resulting in high-intensity agonistienaictions without clear winners.

There was an effect of age on between-clan interectlso, with the ages of the initiator,
the winning clan’s matriarch, and the winning ctamldest adult female present in the
group being important. Group size was also impértandeciding the winning clan, as
expected (Wrangham 1980, Isbell al 1990, Packeet al 1990, Sugiureet al. 2000).
According to the socioecological framework, betwgeoup contest is usually associated
with tolerance within groups because group membenrfit by excluding other groups (de
Waal 1989, Sterclet al 1997). Between-group contest is, therefore, ebggeto produce
resident egalitarian or resident nepotistic tolesmtieties (van Schaik 1989). The Samburu
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African elephant population had shown clear domieahierarchies both between and
within groups and was thought to be a resident-tigpmtolerant society with nepotism

suppressed. The Kabini population seems to showe rtaerance within clans than the
Samburu population and could almost be classifsedgalitarian within clans if it were not

for the effect of age on winning dominance intdmaxg. However, resident-nepotistic-

tolerant and resident-egalitarian societies areahtyppes, when societies in fact fall along a
continuum. Studies on resource use by individuatkimvclans and the role of within-clan

dominance in obtaining access to these resourcaklee important in order to understand
the importance or lack thereof, of within-clan daamce in the Kabini population.
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Conclusions

This is the first quantitative study of the so@tlcture of female Asian elephants in India.
We found that female Asian elephants in the Kapapulation showed a multilevel fission-
fusion society that was not fully nested. Femaleugs sighted in the field were usually
small, but were connected into larger communitiesassociation networks. The clan,
identified through network methods, was the mostusive level of social organisation.
There was almost no association between clanshemnd was a high frequency of between-
clan dominance. The average relatedness betweealegmithin clans was significantly
greater than zero but many clans individually hadelated females. Associations at the
level of the clan were, therefore, likely to be ddhon direct rather than indirect fithess
benefits. Since group size and the presence ofeohdles were important in between-clan
agonistic interactions, between-clan interactianan example wherein associations at the

level of the clan might be beneficial through diriimess benefits.

Females showed nonrandom associations within cldiesarchical communities could be

detected in the larger clans, with one of them shguhree levels of hierarchical clustering
and the remaining showing two levels of clusteride compared female associations in
the Kabini population, with suitably modified datamatch sampling methods, with those
of the Uda Walawe Asian elephant population and [&am African savannah elephant
population. The Samburu association network wasenwamnected and cohesive when
compared to both the Asian elephant populationg] #re Kabini population was

intermediate in network connectedness and cohessgerSurprisingly, the average sizes of
first-level communities and second-level commusitaetected through network methods
were not different across populations, suggestomesbasic similarities in social structure.
Moreover, in all the three populations, second lleeenmunities were formed in a similar

manner, with similar relationships between sec@awell community sizes and the number
of first-level communities within second-level comnities. However, significantly larger

average group size was seen in Samburu comparbe tasian elephant populations, and
the average group size in Samburu matched the gevérat-level community size, whereas
the average group sizes in the Asian elephant popos were smaller than the average
first-level community sizes. This difference in gpo sizes probably resulted in the
differences in Al and network statistics observesetween the Samburu and Kabini
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populations. We thus showed how underlying simtiksiin social structure may be masked
by differences in group sizes. The Asian elephapufations possibly face a constraint in
group size compared to the Samburu population aeedlogical differences. Food is likely
to be more sparsely distributed in forests compaoethe savannah. Between the Asian
elephant populations, the Kabini population exleitbimore cohesiveness compared to Uda
Walawe, and we speculate that this could be atretihe extensive historic anthropogenic
disturbance to elephant populations in Sri Lankdh weveral thousand elephants having
been killed (Sanderson 1879, Lorimer and Whatmd89® Differences in sampling
methods have also resulted in some differencesssicstudies in Asian and African

savannah elephants.

We also found some support for a constraint on greige when we examined different
clans within the Kabini population. Average groujzes were similar across clans,
irrespective of clan size. This resulted in femalesarger clans showing a longer waiting
time to meet all their clan-mates, and weaker aggons between clan-mates. However,
rather than forming small, fixed groups, femalesmaned associations with clan-mates
through changing group compositions. Within-claouyr size, Al, and network statistics
did not change across seasons and fission-fusioandigs, therefore, seemed to enable a
meeting of more individuals while keeping the graipe constant, rather than increasing
and decreasing group sizes seasonally. It woulthteeesting to see if this is the pattern
found in other populations facing constraints ocougr sizes as well.

Although there was no effect of seasonality on initian sociality, there were differences
between the dry and wet season at the populatigal. |&t the population level, average
group size was larger in the dry season and there stronger associations during the wet
season. We caution that population-level resulty b misleading as they arise from a
combination of the patterns seen in different clakssthe clans contribute asymmetrically
to the population-level results due to the placenoérthe study area with respect to the
home ranges of different clans, the combined resaédh at the population level may either
represent patterns seen frequently in only a famsclith more sightings or may represent
a combined pattern which is not seen in any of<ldime stability in associations amongst
females within clans might result from unchangiegaurce availability and distribution
between seasons, or from changing resource auayabiut uniform distribution of
resources with low patch density. Differences iasgrbiomass availability (Baskaranal
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2010) and differences in feeding patterns by elefghacross habitats and seasons (Sukumar
1989, Baskarawet al 2010) have previously been reported in anothea an the Nilgiris-
Eastern Ghats landscape, in which Kabini also liéwrefore, it would be important to
guantify resource availability and distribution afegding patterns in this area also to find
out if the aseasonality in female associationsearisecause of unchanging resources in this

area or despite changing resources.

A significant anthropogenic modification in our dyuarea is the creation of the Kabini
reservoir itself, around which our study area wastied. The Kabini reservoir was created
in 1974 by the construction of the BeechanahallmDacross the River Kabini. The
reservoir submerged forest habitat but createdge lpoint resource that was previously
unavailable, thus effecting changes in resourceiloligion for elephants traditionally using
the area. Large point resources are required fowwdsn-group contests to be profitable to
the winning group (Wrangham 1980, van Schaik 198%ell 1991). It is possible that the
high level of between-clan agonistic interactiomattwe found are a result of this resource.
Feeding areas around the backwaters may actualigfemded by groups, although grass is
usually thought of as a non-defendable resource. Adeds to be investigated in the future.
About half of the between-clan interactions weréaaided, with no clear winner and the
intensity of aggressive interactions between clams also high, suggesting that the
between-clan dominance here may be recent. Whétkereservoir has given rise to the
high between-clan competition observed or whethé is prevalent in the larger area
should be examined in the future. There have beermprevious studies of dominance
relationships in Asian elephants, but personal masens and field researcher accounts
suggest that this level of dominance interactiomsrare in other populations in southern
India at least. If females are radiocollared, oae examine between-clan dominance across
their home ranges, in areas away from the Kabisemair. Several elephant populations
around the world, including the Uda Walawe popolatiinhabit such modified habitats.
Surface water availability is known to drive elephalistribution in southern Africa
(Chamaille-Jammest al 2007, de Beer and van Aarde 2008), and artifwialer sources
can affect elephant movement, which may then atfeefpressure on vegetation (Loagte
al. 2009). We wonder if the Kabini reservoir has &y led to unnatural aggregations of

females, which has, in turn led to strong betweenyg dominance between clans.
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Agonistic interactions within-clans were infrequemd low-intensity in nature. There was
no linear dominance hierarchy, but almost all agimiinteractions had clear winners, and
initiators of the interactions were almost alwalye tvinners. It is possible that the strong
between-clan competition suppressed within-clan idante. Unlike on the African
savannah, resources that could be defended byedsiegiales, such as fruiting trees, were
rare in the study area, and this could also explag absence of a linear dominance
hierarchy. There was an effect of age on withimalaminance, but the matriarch, who is
the oldest female in the clan, was not the singbstrdominant female in any clan studied.
The matriarch was also not the most central fenma#ans based on association networks.
Given the small group sizes and fluid nature ofigs) it is possible that the matriarch is not
as important on a day-to-day basis in the Asiaphalat, unlike in the African savannah
elephant (Dublin 1983, McComét al 2001, Wittemyer and Getz 2007, Mutinda al
2011).

As mentioned above, there were non-random assoggatwithin clans. First-level
communities identified within clans showed high ragge pair-wise relatedness indicating
that these communities comprised first- and seaoddr relatives. Females’ top and second
associates were also more related than the aversggciate. These results suggest that
females’ close associates are mostly their cldsgives and each female may have her own
daughters and/or siblings as close associates. 8ash associations with relatives may
offer indirect fitness benefits to individuals. Orsuch benefit might be through
allomothering (Gadgil and Nair 1984). However, bbthkt-level communities within clans
as well as entire clans sometimes did not haveectlEemales, and direct fitness benefits
might also be important. Continued associationyafnger females with less related or
unrelated females after older females have died mely them acquire valuable knowledge
about resource distributions (Foley 2002, see Gdildeg et al 2016). The role of
relatedness in within- and between-clan dominascget to be examined in the Kabini

population.

In summary, this thesis provides new information f@male Asian elephant social
organisation by illuminating the female social sture of the species, examining the effects
of seasonality and genetic relatedness on sociattate, and presenting the first study of
dominance relationships in the species. All of thés been carried out using information
from a large number of individually identified felea. The findings also raise new
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guestions about sociality in this population anelcsgs, such as the role of the matriarch, the
role of allomothering in fission-fusion dynamicsjdathe role of natural resources and
anthropogenic modification in between-clan domimardditionally, the database that has
been created so far on individually identified féesavould offer enormous possibilities for
the study of other themes in the future.
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