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ABSTRACT

Fitness benefits of sociality increase individuatvéval and reproductive success
through a complex network of social interactionsin Kselection theory predicts that
individuals increase their inclusive fitness thrbuatruistic behaviours directed towards kin.
Thus, preferential social interactions with relatvead to the emergence of kin structures in
the social system. Cohesive social groups, femalegatry, and high reproductive output of
wild boar creates conditions for cooperation thtokin selection and make the species a
good biological model for studying kin structuré&et, the role of kinship in shaping the
social structure of wild boar populations is gtitlorly understood.

The main goal of this study, conducted in Biatosai€’rimeval Forest (BPF) in 2007-
2011, was to explore spatial and temporal pattefnsocial interactions in the wild boar
population, and to determine the role of relatedmeshaping the emergent social structure of
the species.

A combination of behavioural (telemetry) and genétnicrosatellite DNA) data were
used to investigate group structure and compositaigpersal patterns, and population
structure of wild boar. Network techniques, asdamiaanalyses, and estimates of lagged
association rates were used to determine tempordl spatial structure of the social
interactions in the studied population. A totalldfl wild boar were captured, 114 of which
belonged to 16 marked groups and the rest wereregblitary or belonged to unmarked
groups. Telemetry-marked animals (n = 75) includi&dsolitary wild boar and, on average,
66% of the groups’ members. Genetic analyses ieduall captured animals and samples
collected by hunters in the Polish and Belarusiartspof the BPF (n = 411). All individuals
were genotyped with a panel of 16 microsatellita.lo

The average family group size estimated from thpping data was 7 individuals.
This result was consistent with analyses basedoomalsinteractions alone (association rates
and network analysis). The vast majority of adeihéles and young animals were associated
in groups, whereas adult males were mostly solitargividuals associated in groups were
significantly more genetically related to each otthen non-associating, solitary individuals.
On average, the intra-group level of relatednessesponded to second-degree relatives.
Relatedness within a group was negatively corrélati¢h group size. Members of the family
groups showed extensive spatial overlap, whereawads from different family groups
shared little space.

Wild boar in the study population formed non-rand@neferential associations which
were largely stable and long-lasting. The tempetability of associations was particularly

strong among adult females and animals forming famioups. Conversely, adult males



formed short-lived associations disintegrating with few days. High temporal stability of
associations observed among animals forming groapses strong group cohesion. There
was a positive correlation between strength ofadoond and genetic relatedness but kin-
targeted interactions extending beyond spatial ipritx of individuals were observed only
among females.

On the population level, there was a negativeimgiahip between geographic distance
and genetic relatedness. Spatial genetic structume detected at small spatial scale
corresponding to few home ranges. Genetic strustage maintained at the same distance in
males and females. However, females showed a straetationship between genetic and
spatial distance at short distances (0-1 km), vageneales showed stronger structuring in the
distance class of 1-5 km. Assignment index provilitdd evidence for sex-biased dispersal,
yet indicated a tendency towards greater disparsahales. Telemetry data on dispersal
provided results consistent with genetic data. Bias was manifested in dispersal distance,
but not dispersal frequency, with females usualyliag in the direct vicinity of the maternal
home range and males few home ranges away fromata¢ site. Dispersal occurred at the
age of 18-21 months.

The social network, derived solely from associatiata, was spatially structured with
well defined and cohesive social units. The unityevalso genetically distinct, with high
intra-group and low inter-group genetic relatedn&gmce utilised by the members of a given
social unit overlapped extensively while little ol was observed across social units. The
genetic structure in the network can be interpretedn emergent property of philopatry and
spatial segregation of social groups. However,iapdistribution and overlap of individuals
could not fully explain the association patternd aetwork structure. Association and genetic
data indicated that active social preferences argkted interactions played important roles in
shaping the social structure of the population. @lbse match of the social structure revealed
in social units and family groups (obtained frompjping data) indicated that they mirror the
same level of social organisation.

Sociality of wild boar, estimated by three netwaré&ntrality measures, generally
decreased with age of the individuals, and magaitafiage effect was modified by sex.
Young wild boars showed the strongest grouping éenog and were the most diversely
connected within the networks. The onset of disgersarked a decrease in sociality, which
was manifested stronger in males than in femalbes@& results highlight the role of young
wild boar in maintaining cohesion of the socialvatk. Changes in sociality mirrored major

transitions in wild boar ontogeny.






1. INTRODUCTION

The variety of mammalian social systems arises fileegrattempts individuals make to
maximise their fitness, both in direct and indire@y. Direct fitness benefits of sociality
increase individual survival and reproductive sgscthrough a complex network of social
interactions. Those cooperative interactions, naawed by mutualism and behavioural
reciprocity, can provide individuals with assetgabfor survival (access to food, shelter, help
in predator avoidance) and reproduction (breediigs,s mating partners) (Trivers 1971,
Clutton-Brock 2009). Kinship is not a prerequidibe these type of interactions to occur. On
the contrary, indirect fithess benefits that ansnatain from living socially, originate from
kin selection and involve relatedness between aeterg parties. The cost an individual is
willing to pay for exhibiting beneficial behavious proportional to the relatedness of the
recipient to the donor (Hamilton 1964). Individuahgrease their inclusive fitness through
altruistic behaviours directed towards kin. Natlysatumulative benefits which an individual
experiences from sociality are often a result shbmed direct and indirect effects that can be
temporally delayed what makes telling the two congras apart challenging.

The structural properties of the social system ygreize and dynamics, ranging
patterns, duration and stability of sex- and ageesig social bonds) emerge from interactions
between internal (species) and external (enviromyfactors (Crook et al. 1976). Internal
drivers involve species characteristics (such abilityg dietary demands, susceptibility to
predation) and factors intrinsic to individualscBlas preferred associates, social role) (Crook
et al. 1976, Gerard and Richard-Hansen 1992, Lusaed Newman 2004). Environmental
drivers comprise density-dependent factors sudio@s availability and predation (Skogland
1991, L'Heureux et al. 1995, Baird and Dill 1996gket al. 1999) and density-independent
variables such as climatic conditions and habitaicture (Pays et al. 2007). Environmental
factors, mainly food distribution and predatiorkriare the major determinants of mammalian
social organisation and structure (Rubenstein andangham 1986, Lott 1991).
Environmental factors are coupled with differentguial reproduction rates of males and
females in shaping mammalian social and matingesyst Females lifetime reproductive
success is primarily constrained by food resounsgreas that of males is mainly limited by
access to mates (Emlen and Oring 1977, CluttoniBeowl Harvey 1978). Therefore, food
abundance and distribution largely determine tregridution of females, while males are
expected to be distributed according to the nunamer distribution of females, as well as
presence and behaviour of the other males (EmlérOaimg 1977).

Next to environmental and behavioural componergspafraphic processes play an

important role in shaping social systems (Lott 199dpe 1998), with dispersal being one of



the key factors (Chepko-Sade and Tang Halpin 1B8wn et al. 2012). Inclusive fithess can
be increased through altruistic behaviours dire¢tadards kin thus promoting philopatry.
However, increased local relatedness and emergingstuctures can lead to negative
consequences of inbreeding and kin competitiorl itfhe offspring were to stay in the natal
area (Hamilton and May 1977, Gandon and MichalaRigl, Keller and Waller 2002). Natal
dispersal, which is the movement of an individualnf its birth site to the site of its first
reproduction (Howard 1960), has evolved as a gjyate circumvent negative effects of
mating and competing with relatives (Gandon andhdiakis 2001). In mammals, females
tend to remain in their natal area or group, wheraales disperse (Greenwood 1980, Dobson
1982). This pattern is expected to be more pronedit social species owing to the inclusive
benefits of philopatry, such as familiarity withoftb resources and helping behaviours, which
are vital for female reproductive success (ClutBraek and Lukas 2012, Dobson et al.
2012). The social structure emerging from the pitar of behavioural, environmental, and
demographic factors greatly influences transfergehes (Sugg et al. 1996, Storz 1999),
diseases (Loehle 1995, Read and Keeling 2003),imfodmation (McComb et al. 2001,
Danchin et al. 2004). Genetic relationships betwewhviduals can in turn affect their
cooperative behaviour (Dobson et al. 1998). Thusdysng genetic structure of the
population can enable meaningful inferences osatsal organisation (Sugg et al. 1996).
Social structure emerges from non-random distribytgrouping, and ranging patterns
of individuals in a population (Crook et al. 1978nderstanding the social structure requires
describing patterns of relationships between argmialdependently of the particular
individuals involved (Hinde 1976). Specifically, edtifying occurrence, distribution, and
composition of social groups helps to reveal indlial association preferences and is
essential to determine social structure of a pdjmiaWhitehead 1997). However, social
structuring represents a complex network of inttwas between individuals changing in
space and time and as such is difficult to quantifet another difficulty arises when
meaningful interactions are problematic to descobebserve (e.g. due to habitat structure or
species behaviour). Dyadic (between two animal®rattions are the basic elements upon
which social structure is built (Hinde 1976). Thegn be approximated by recording
situations in which interactions might potentiatbgcur such as dyadic spatial proximity
(association) (Whitehead 1997). Hence, measuriadithie two animals spend together using
association indices offers a convenient, yet qaialely simplified, substitute of recording
actual interactions (Whitehead and Dufault 1999)miérous studies have shown that if
animals spend more time together than expectedhdyor, they tend to be socially associated
(e.g. Kaminski et al. 2005, Lusseau et al. 2006If\atcal. 2007). Analysing the rate at which



associations between individuals changes over ¢tamehelp characterise the temporal aspect
of social structure dynamics (Whitehead 1995, Wesaski et al. 2010).

Describing structural properties of a social systequires accounting for spatial and
temporal dynamics of the association patterns. Thight be particularly challenging in
fission-fusion societies, where associations begak reform in response to dynamic effect of
ecological factors such as food availability anddation pressure (Wrangham 1982, Henzi et
al. 2009). Additionally, associations of the indivals can be structured hierarchically in
several levels of organisation from individual wpplation (e.g. African elephant®xodonta
africana, Wittemyer et al. 2005; Galapagos sea lahophus wollebaeki, Wolf et al. 2007).
Application of an analytical approach based on netwheory to animal societies (e.g. Croft
et al. 2006, Lusseau et al. 2006, Wolf et al. 200ffgrs a powerful tool to explore such
complex dynamic systems (Krause et al. 2007). $oatwvork analysis (SNA), originating
from physical sciences and later used to study Inusoaial systems, help describe individual
connectivity, associations and grouping patterrds iartherefore well suited to study social
structures (Wey at al. 2008).

In recent years, noticeable advances in the stlidbp@al systems have been made
thanks to application of the SNA. Understandinghofv ecological factors (Henzi et al.
2009), social and genetic relationships betweenvimhgals (Wolf and Trillmich 2008,
Wiszniewski et al. 2010), and individual “persotial” (Lusseau and Newman 2004) shape
association patterns and social structure has lgeeatly improved. Next to describing
network architecture, the SNA can quantify an imdlial’s sociality, i.e. position and
connectivity in the network, using centrality measu Animals with high centrality are either
associated with many others or connected with iddals from different social groups.
Therefore, those individuals can have dispropodiely high effect on social cohesion
(Williams and Lusseau 2006), information transf@arichin et al. 2004), and group-decision
making (Lusseau 2007). Despite its advantagesieéheork approach has never been applied
to study wild boarSus scrofa sociality, which still remains poorly understocthis study
utilises the network approach to find subdivisidrilee population into social units based on
social contacts (association) data only. Next,rtle of sex and age in maintaining cohesion
of the wild boar network is examined, both in terofstemporal stability and structural
connectivity.

Matrilineality (females associated by pedigree tiglto female ancestors) is a
widespread type of social organisation among sutd&as found for example in babirusa
Babyrousa babyrussa (Patry et al. 1995, Clayton and MacDonald 1999)arthog

Phacochoerus africanus (White et al. 2010), and desert warth®lgacochoerus aethiopicus



(Somers 1995). In wild boar, social structure isitem around family groups of adult
female(s) with offspring (Hirotani and Nakatani Y9®ardaillon 1988, Spitz 1992, Nakatani
and Ono 1995). Commonly, few families merge to famatrilineal and multigenerational
social units (Gabor et al. 1999, Kaminski et al020Poteaux et al. 2009). Occasionally, the
units merge, split or exchange individuals (Gabbrale 1999, Poteaux et al. 2009), yet
patterns and mechanisms of fission-fusion dynarheoge not been recognised. Ranges of
adult females/family groups overlap extensively i(&a et al. 1994, Gabor et al. 1999).
Solitary adult males temporarily join female growjsing the rut (Dardaillon 1988). Mating
system is moderately polygynous with adult malesuaeed to be engaged in roving
dominance hierarchy (Hampton et al. 2004, Poteawd 8009). Selective hunting pressure
may strongly modify wild boar mating system (lee¢lpolygyny) (Poteaux et al. 2009) and
social structure (group composition and associgigtterns) (lacolina et al. 2009).

The onset of natal dispersal is believed to beaatsal with reaching sexual maturity
by juveniles and starts around one year of agevElamnd Lemel 2003). Dispersal is generally
male-biased and males tend to disperse longerndesacompared to females (Truvé and
Lemel 2003, Poteaux et al. 2009, Keuling et al.®0The majority of dispersal occurs at
short distances equalling 1-3 diameters of an gecstaome range (Keuling et al. 2010),
although longer dispersals (>10 km) are also oleskfrequently (Andrzejewski and Jezierski
1978, Truvé and Lemel 2003, Keuling et al. 2010). f&, data on dispersal have been
collected using hunters reports on shot individuaigch allow only for general conclusions.
The complementary approach, which combines finkededemetry data and population-level
genetic information, would definitely broaden ounderstanding of wild boar dispersal
patterns in social context. This was one of thdggobmy study.

The process of building kin structures through meéta of offspring within parental
neighbourhood (i.e. philopatry) is stimulated by fihclusive fithess benefits an individual
gains (Gaston 1978, Perrin and Lehmann 2001). Tgteehthe local relatedness, the higher
the profits from group effects (predator defenoedf acquisition) and cooperative behaviours
(breeding, sharing knowledge on resources). Comsdlyl the emerging socio-genetic
structure should be characterised by an inversaioakhip between genetic and spatial
distance and higher intra-group than inter-groupteeiness. Indeed, the occurrence of such
structures is well documented across a variety ainmalian species, e.g. raccd@rocyon
lotor (Ratnayeke et al. 2002), polar bé#rsus maritimus (Zeyl et al. 2009), sperm whale
Physeter macrocephalus (Gero et al. 2008), gray mouse lenMicrocebus murinus (Wimmer
et al. 2002), woodchucMarmota monax (Maher 2009), and Florida black beddssus

americanus floridanus (Moyer et al. 2006). On the other hand, complesia®ystems are not



always kin-based and they may be maintained by wetnal reciprocity and mutualism
(Clutton-Brock 2009, Garroway et al. 2013) or réstdm the negative demographic effects
of hunting (Comer et al. 2005, lacolina et al. 2009

Cohesive social groups, female philopatry, and hegroductive output of wild boar
creates conditions for cooperation through kin tegda and make the species a good
biological model for studying kin structures. Yéige role of kinship in shaping the socio-
genetic structure of wild boar populations is pparhderstood and only recently has received
some attention (lacolina et al. 2009, central |tRlgteaux et al. 2009, north-eastern France).
Both studies described low levels of intra-groupatexiness, especially among adults.
Additionally, lacolina et al. (2009) found no cdaton between genetic and spatial distance
among adults and associations of unrelated femades frequently observed. Apparent weak
kin-structure in this study was attributed to highman-caused mortality altering social
structure and wolfCanis lupus predation pressure stimulating unrelated indivisilhuman
hunting survivors) to associate. On the other h®uotdeaux et al. (2009) showed that females
in spatial proximity were more related to each othan at random, thus providing evidence
for kin-based, matrilineal structure. The analysmwever, did not account for the complexity
of social interactions, which may act independenflgpatial proximity between individuals
in shaping association patterns at small spatekscBoth studies were conducted in heavily
hunted populations with potentially strongly moedi social structure. The wild boar
population in the Biatowiea National Park, where this study was conductetabits
undisturbed forest habitat and is free of huntimgl @hus it offers an insight into social

relationships unaltered by anthropogenic factosstuation which is rarely found in Europe.



2.AIMS OF THE STUDY

The main goal of this study, conducted in Biatawid’rimeval Forest in 2007-2011,

was to explore spatial and temporal patterns absoderactions in the wild boar population,

and determine the role of relatedness in shapiaghergent social structure of the species. |

used a combination of behavioural (trapping anenteltry) and genetic (microsatellite DNA)

data to investigate group structure and compositdispersal patterns, and population

structure. Network techniques, association ana)ys®s estimates of lagged association rates

were used to determine temporal and spatial steicifithe social interactions in the study

population.

Specifically, aims of the study were to:

describe demographic composition, genetic strucinck spatial relationships of wild
boar groups,

analyse spatial genetic structure of the wild bpapulation to infer on its social
organisation,

investigate dispersal on an individual and popatatievels using combination of
behavioural and genetic data,

determine temporal and spatial structure of th@asacteractions using association
analysis and network approach,

examine the role of relatedness and spatial relsiips between individuals in
shaping association patterns and social netwouktsire,

explore the effect of sex and age on individuaterectivity within the network.

Assuming matrilineal social structure in wild bgexpulation, | hypothesised that:

composition of social units will be dominated by Ithgenerational association of
females,

individuals of the same social units will be moeéated to each other than population
background owing to the cross-generational sitelifig

females will be philopatric and dispersal will balsrbiased,

consequently, there will be a negative relationsbgween genetic structure and
spatial distance among individuals, particularlyfemales, due to local increases of
relatedness. At the same time a positive correldbietween relatedness and strength
of social bonds (i.e. associations) should be ofesker

the social network of the population will be dividmto kin-clusters corresponding to

matrilines.






3.METHODS AND MATERIAL
3.1. Study area

The study was conducted at two spatial scales.thFirea broad scale which
encompassed the entire complex of the Biatewierimeval Forest (BPF) — both Polish and
Belarusian part — and its surroundings where samfge genetic analyses were collected.
Secondly, a fine scale study area was locatedeircéintre of the Polish part of the BPF where

wild boar trapping, telemetry, and genetic samptouak place (Fig. 1).

BELARUS

trapping and
tracking area

e o genetic samples
o traps
[N forest
[_Jopen land
I built-up areas

Fig. 1. Map showing the two spatial scales of tinel\s large area, covering entire complex of
the Bialowiga Primeval Forest and its surroundings, where gesamples were collected
and small area (ellipse) located in the centrdefRolish part of the BPF where trapping and
telemetry took place.

The BPF is a forest complex of 1,450 %if52°30'-53°00'N, 23°30'-24°15'E) that
straddles the Polish-Belarusian border and is snded by a mosaic of forest and agricultural
fields. It is atemperate mixed lowland forest characterised bygh share of natural stands
and old-growths (Faiski 1986, ddrzejewska et al. 1997). Most of the Polish sidéhefBPF
(83%) is managed by the State Forestry, while #@st comprises the Biatowia National
Park (BNP).



The protection of the BPF dates back to th® &dntury when it became a royal
hunting forest (Samojlik 2006). Thanks to this matar status, BPF has remained the last
example ofthe European temperate lowland forest up to dete. BNP was established in
1921 to protect 50 kmarea of the best preserved old-growths. In 1986, BNP was
expanded to cover 105 KmWithin the BNP, hunting and logging is prohibited, and
motorised traffic is allowed only in peripheral {gaof the BNP and under permission from
the BNP administration. Tourists are restrictedag hikes on designated trails and overnight
camping is prohibited. Within the commercial pafrttlee BPF, limited logging and hunting
occur. However, hunting from fixed locations is ymermitted at a few designated sites.
Motorised traffic in the commercial part of the Bi&-allowed only for forestry service
vehicles.Since 2011, hunting has been banned within apdrdém buffer zone around the
border of the BNP. Additionally, there is a numbémnature reserves (total area of 120°km
with partial or strict protection scattered ovee tmanaged part of the BPF (Wesotowski
2005). The Belarusian part of the forest (86F)khas been partially protected since 1945 and
entirely as a National Park since 1991, althougtitéid timber exploitation and hunting is
permitted.Human density in the Polish part of the BPF is abbinhabitants/krhand the
density of roads accessible for 2-wheel-drive isuatl.2 km/km in the commercial part of
the forest (Theuerkauf et al. 2003).

The climate is transitional between Atlantic anchtarental types, with stronger
influence of the latter ¢dirzejewska andedrzejewski 1998). Mean number of days with
snow cover is 105 (Institute of Soil Science and anPl Cultivation,
http://www.zazi.iung.pulawy.pl/). Annual precipiian ranges from 550 to 600 mm (Institute
of Geography and Spatial Planning, Polish Academ$adences, http://www.igipz.pan.pl/).
During the study period, mean temperature of Janaad July was - 9.1°C and 21.3°C,
respectively (Appendix 1).

Sixteen forest communities have been distinguisiredhe Polish part of BPF
(Kwiatkowski 1994). Originally, a rich deciduouskelime-hornbeam forest stand@uercus
robur, Tilia cordata, Carpinus betulus; Photo 1) with admixtures of mapheer platanoides
and sprucdicea abies constituted the majority of the forest, but todhaig thabitat is largely
restricted to the protected areas. The managedipadw dominated by mixed-coniferous
forests composed of Scots’ pifenus silvestris and spruce with admixture of oak. Other
common associations in BPF include bog aldbkws glutinosa stands in wet areas with
stagnating water, and aBhaxinus excelsior — alder forests associated with the banks of forest
rivers and creeks (Photo 1). More information alibetvegetation and forest structure of the
BPF can be found in Fakki (1986), Kwiatkowski (1994), anddrzejewska et al. (1994).
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hornbeam forest, b) mixed-

lime

Photo 1. Three main types of forest in the stuépaaa) oak

coniferous forest, and c) ash-alder wet forestt&hby T. Podgorski.
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The BPF is unigue among other European woodlandgalhigh tree diversity (26 tree and
55 shrub species constituting a mosaic of tree comniies), a multi-storey profile of stands,
relatively large amount of dead wood and outstapdiiversity of flora and fauna (Faski
1986, Wesotowski 2005).

Wild boar population within the BPF is largely skdp by natural factors
(Jedrzejewska et al. 1997). Long-term dynamics of weibédr densities is primarily affected by
mean annual temperature (positive effect) andedsedr extent, wolf density (negative effect).
Population growth rate is positively correlated hwécorn crop of the preceding year and
mean annual temperature. Density dependent inwfigpeompetition negatively affects
increase rate of the wild boar populationdfZzejewska et al. 1997). Winter severity (depth
and duration of snow cover) can cause marked deddih boar numbers and suppress
reproduction in the following year. Diseases aravsition are responsible for most (73%) of
natural mortalityJedrzejewska et al. 1993%drzejewska andedirzejewski 1998).

Two large carnivores, Eurasian lyibynx lynx and wolf occur in stable populations
within the BPF (ddrzejewska andedirzejewski 1998)During the study period, densities of
wolf and lynx were estimated at 4 and 3 inds/106, kespectively  npublished data of the
Mammal Research Institute, Polish Academy of Sa@sh&Vild boar is predated by wolf
(19% of natural mortality) and very occasionally bynx (1%) (&drzejewska and
Jedrzejewski 1998). The biggest wolf predation impacbn the youngest cohorts, juveniles
and yearlings (70% of all wild boar killed by wo)g drzejewski et al. 2000). When natural
and man-related mortality is combined, hunting,uodng in the commercial part of the BPF,
appears to be the most important mortality fact&8%) (&drzejewska andedrzejewski
1998). In 2008-2011, the densitywild boar in the central part of the BPF was estedaat
approx. 4 inds/km(unpublished data of the Mammal Research Instiltdish Academy of
Sciences). The densities ranged from 3.3 indsf km2010/2011 to 5.5 in 2008/2009
(Appendix 1). Within the managed part of the BPRerage hunting harvest was 0.9 ind.?km
(Regional Directorate of State Forests, Biatystéigorn crop differed substantially between
the years of the study (2008: 12 acorrfs/2009: 35 acorns/m2010: 7 acorns/m2011: 32
acorns/m; author's unpublished data). However, long-termnaiyics of acorn crop
(Jedrzejewska andedirzejewski 1998, B.efirzejewska, unpublished data)ggests that mast
year did not occur during the study peridd. addition to wild boar, four other ungulate
species occur in the forest: red d€srvus elaphus, roe deerCapreolus capreolus, moose
Alces alces, and the European bis@&nson bonasus.

The study area where trapping and telemetry toakeplvas located in the centre of

the Polish part of the BPF (see Fig.1). The areeisted mainly obak-lime-hornbeam forest
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stands with a high share of old-growths and divéosest structure (Photo 1). Additionally,

ash-alder and bog alder stands were common near watirses. Mixed-coniferous stands
occurred in the northern part of the trapping stwdga. Two-thirds of the study area

(including all trapping locations) was within therters of the BNP. The remaining part of
the study area, where some animals were locategoi@mily, was within the commercial part

of the BPF.

3.2. Data collection
3.2.1. Trapping and telemetry of wild boar

Trapping was conducted every winter (November — ddarfrom 2006/2007 to
2010/2011. Two methods were used to capture wilti:darge drop-net trapserzejewski
and Kamler 2004; Photo 2) and cage traps (1.5 X1 (Photo 3), both baited with maize.
A combination of Zoletil (tiletamine and zolazepaar)d Domitor (medetomidine) mixture
(1 : 0.025 ratio) was administered intramusculaidy immobilise captured wild boar.
Atipemazole hydrochloride (Antisedan) was used @masamatidote (Kreeger 1997). Animals
weighing less than 30 kg were only immobilised vi#tamine (0.2 mil/kg) and were handled
without being fully anaesthetised. Captured animadee fitted with ear tag radio-transmitters
(Advanced Telemetry Systems, Isanti, Minnesota, U8® Wagener Telemetrieanlagen,
Cologne, Germany) (Photo 4) and GPS collars (Vaatrderospace, Berlin, Germany). Skin
and hair samples were collected from every captimeéididual. Skin samples were obtained
using a standard biopsy punch. Research and hgngilatocol was approved by the Local
Ethical Commission for Experiments on Animals iraigstok, Poland.

Upon capture, the age of wild boar was determinégd @-month interval accuracy
dependent on tooth eruption (Matschke 1967). Iratiedyses, animals were assigned to their
respective age classes during tracking periodyearlings (from 6-8 to 16-18 months old),
subadults (from 16-18 to 24-26 months), adults (ri2fths old). Sex was determined for all
individuals except two yearlings which were exclddiem analyses investigating sex-related
effects.

A total of 141 wild boar were captured, including fe-captures (at least one year
after the first capture): 16 adult, 6 subadult,y@arling males and 32 adult, 14 subadult, 42
yearling females. Eighty-one percent (n = 114) aptared animals belonged to 16 marked
groups. Group membership was established based apture data and subsequently
confirmed by telemetry data. Individuals were cdesgd to belong to one group if they were

captured together and/or were telemetrically latatghin 350 m distance from each other
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>50% of times during 2 months following capture.eTitest (n = 27) of the animals were

either solitary or belonged to unmarked groups.afimals were marked with numbered tags

Photo 2. A group of wild boarg

under the drop-net trap. Pho

from automatic camera.

Photo 3. Solitary wild boa
about to enter the cage tra
Photo from automatic camera

Photo 4. Wild boar male fitte
with radio ear-tag. Photo by -

Kaminaski.
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allowing for individual recognition in case of napping. The proportion of individuals
marked with telemetry transmitters out of all captlanimals (i.e. mark rate) was 61%.
Telemetry-marked animals included all solitary whildar and on average 66% of the group’s
members always including all adults and subaduitkinvthe group. In total, 63 wild boars
(23 males and 40 females) were marked with radiosmitters and 12 adult wild boars with
GPS-collars (6 males and 6 females).

Radio-tagged individuals were located 2-4 timeswpeek with equal intensity during
the day and night (G-tedB; = 0.48,P = 0.49). The locations of individuals were detereu
by recording at least 3 bearings for each triartgaiausing three-element Yagi antenna
(Titley Scientific, Lawnton, Australia) and Yaesd-B17 transceiver (Yaesu Musen Co.,
Tokyo, Japan). The location of an individual wakalated from a given set of bearings and
using the maximum likelihood estimator method désct by Lenth (1981). Only location
estimates with error ellipse2 ha were included for further analysis, and thegpam LOAS
(Ecological Software Solutions) was used to calteufmsitions from triangulation. Accuracy
of triangulation was determined in the field bydtng transmitters in known location (Harris
et al. 1990). Mean estimated error between the knbansmitter location and those obtained
from telemetry was 153 £ 9.8 m (mean = SE, n = 1Z0p GPS-collars recorded accurate
positions of the animals every one or two hours\gisblobal Positioning System (GPS).
Location data were periodically transferred dingdtdh the computer via GSM network or
downloaded in the field via VHF wireless communi@atmodule incorporated in the collar.

Wild boars were followed for 10.2 + 5.3 months (m&aSD, min = 1, max = 24). On
average, 76 + 36 (min = 18, max = 158) radio-laraiand 2072 + 1425 (min = 337, max =

5727) GPS-locations were collected per individual.

3.2.2. Genetic methods

In total, 411 wild boars were analysed using e#sgu = 386) and hair samples (n =
25). The majority of samples (n = 300) were obtdifrem animals that were hunted or found
dead (220 in the Polish and 80 in the Belarusiahgighe BPF). The remaining 111 samples
were collected from captured individuals. GenomiblADwas extracted using GenElute
Mammalian Genomic DNA Miniprep kit (Sigma-Aldriclgt. Louis, Missouri) for tissue
samples and Instagene Matrix (Bio-Rad, Herculedifd@aia) for hair samples, and kept at
-20°C.

All individuals were genotyped with a panel of 16lymorphic microsatellite loci
(S090, SW72, S155, S026, S355, S215, SW951, SWB®24, SW122, IGF1, SW461,
SW1492, SW2021, SW2496, SW2532), which had beercesstully used to study
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relatedness and genetic variation in wild boar petpans (Vernesi et al. 2003, lacolina et al.
2008, Scandura et al. 2008). Polymerase chainioea¢PCR) was performed in 10l
reaction volume, containing @&l of DNA solution, 0.5 U of Tag DNA polymerase
(Euroclone, Siziano, Italy), 1 U PCR buffer (Euamw), 2.5 mM MgG, 100 uM of each
deoxynucleosite triphosphate (ANTP), and 2 pM ahegarimer. The forward primer of each
pair was labeled with an ABI fluorescent dye (6-FANEX, or TET; Applied Biosystems,
Foster City, California). The amplification profilevas set up with an initial step of
denaturation at 95°C for 3 min, followed by 35 @gbf 92°C for 45 s, annealing temperature
(52-65°C) for 45 s, and 72°C for 30 s. A furthetession step of 72°C for 10 min concluded
the reaction. PCR-amplified microsatellite allelesre sized using capillary electrophoresis in
an ABI PRISM 3100-Avant automatic sequencer (AmpliBiosystems). Peak Scanner
software (Applied Biosystems) was used to analyleetrephoretic data. Analyses were
performed in the genetic laboratory of the Deparimef Science for Nature and

Environmental Resources, University of Sassatly.lta

3.3. Data analysis
3.3.1. Space use and dispersal

Home range size was estimated with Minimum Conkekygon (MCP) using 90%
isopleth asit was recently demonstrated that using isopletieaitgr than 90% can result in
unreliable area estimates biased by sample sizesamsitive to outliers (Borger et al. 2006).
Due to much higher sampling frequency of GPS-celtaympared to radio-telemetry, GPS-
collar data were standardised as follows: 100 lonat were randomly sampled from
complete GPS data set of each individual and h@meer size was calculated. This procedure
was repeated 1000 times and resulting average lmange size was assigned to a given
individual.

In home range analysis, only locations (both rahd GPS) separated by at least 12
hours were chosen to ensure independence of olisaswgSwihart and Slade 1985). To
avoid underestimation of home range size, onlydhiodividuals tracked for5 months and
which yielded >30 locations were used in calculaiof home range size (n = 63). Using this
threshold no effect of increased tracking time ember of locations on home range size was
found (Spearman’s r = 0.09, P = 0.52 and r = (P24,0.08, respectively).

A general linear mixed-effects model (Pinheiro aBdtes 2000) was used to
investigate effect of sex and age of the individollhome range size. Mixed models were
used because of the non-independent nature ofatae Group and individual identity were
treated as random factors to control for socialugreffect and re-trapping cases. The
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distribution of model residuals was checked fommality using the Shapiro-Wilk test. Home
range size data were log-transformed to improvenabty and reduce skewness.

Spatial overlap between areas utilised by twoviddials was estimated using volume
of intersection (VI) index (Kernohan et al. 2001elferg and Kochanny 2005). The method
measures similarity of two kernel utilisation dilstitions (UD) and its advantage over area-
based measures is that it compares not only agadhbut also intensity of use (Fieberg and
Kochanny 2005). The VI index ranges between O (merlap) to 1 (identical UDs). The
parameters used to calculate kernel UDs for athats were: bandwidth h = 250 and grid size
200 based on visual assessment. Spatial overlapuses to control for spatial proximity
when correlating association strength with genetlatedness and to compare space shared
among animals forming social units.

Dispersal patterns of wild boar were analysed vatitcombination of genetic and
spatial data. Dispersal was defined as emigratioarbanimal from its natal area to another
area where it might reproduce (natal dispeseabu Howard 1960). Spatial data (radio-
locations) was used to analyse temporal variatiothé geographic distance of yearling and
subadult wild boar (11 males, 9 females) to thereeof the natal home range. Dispersal was
defined to occur when individual left its materhaime range without ever returning and the
moment it had happened was the age at dispersaiaftw et al. 2000). In case of dispersers,
average distance to natal home range centre dtrentast month of tracking was considered
as dispersal distance. Return information on shgdbcation from hunters was used as last
location record in case of 4 animals (2 malesn2aies).

All spatial and home-range analyses were conduatety R version 2.13.1 software
(R Development Core Team 2011) and visualised io Yiew GIS 9.1 (ESRI, Redlands,
California). All statistical analyses were condukctesing R version 2.13.1 software (R
Development Core Team 2011).

3.3.2. Association patterns and network analysis

Association analysis was based on radio-telemaditg collected in 2008 and 2009
(Table 1). The two years were treated separatetytdunot fully overlapping sets of marked
animals. Two individuals were defined as being eisded if they were located within 350 m
distance from each other. The rather conservakikeshold of 350 m was set to include all
potential associations taking into account rada@kmg error (153-m radius around estimated
location). Only simultaneous locations (collectettihim 1 hour) were used to define dyadic
associations. High frequency sampling of GPS-cetlawild boar showed that average
straight-line distance covered by an animal witbire hour was 33 m. The study area was
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surveyed 2-4 times per week and every time an attémlocate all marked animals was

made. Only individuals located more than ten timese included in the analysis (Table 1).

Table 1. Summary of the data used to constructabogtworks of wild boar in 2008 and
2009.

Sex/age class of animals N individuals

2008 2009

Males

Yearling 6

Subadult - 8

Adult 4 3
Females

Yearling 9 -

Subadult - 8

Adult 11 10
N locations/ind.
Mean (SE) 60 (4) 45 (4)
Range 20-98 11-94
Median 60 41

The strength of dyadic associations was calculasétg the half-weight index (Cairns
and Schwager 1987): HWI = X/[X + 0.5(A B)], where X is the number of times
individuals A and B were located together, andaAd B are the total number of times
individuals A and B were located. The HWI rangesMeen O (two individuals never located
together) and 1 (two individuals always locatecetbgr) and takes into account heterogeneity
of sampling. The sampling period was set to 1 dayitror the actual sampling schedule. An
association indices matrix for each year of thedgtwas built using SOCPROG 2.4
(Whitehead 2009) in MatLab 7.7.0 (The Mathworks .Inblatick, Minnesota, USA).
Consequently, two networks of 31 (year 2008) andZD9) interconnected animals were
constructed and visualised in NETDRAW (Borgatti 20To test whether the observed
association patterns differed from random (i.e.pieferred and/or avoided associations
occurred), the association data were randomly peanL000 times and mean HWI and its

coefficient of variation (CV) were compared betweaenl and randomised data sets (Manly
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1997, Bejder et al. 1998, Whitehead et al. 20058ighificantly higher CV of real association
indices compared to randomised data indicates ttesepce of long-term preferred
companions in the population (Whitehead 1999). giloeedure was repeated several times to
ensure stable P values. Sexual assortativity witiennetworks was assessed by correlating
HWI matrices with sex similarity matrices (0 — sagex, 1 — different sex) using Mantel test
with 10 000 permutations to assess significance.

The wild boar social network structure was examhinesing modularity matrix
clustering (Newman 2006, Lusseau et al. 2008). mk#hod finds optimal network structure
through iterative process of dividing the netwartoinumber of clusters from onenpwhere
n is the number of individuals forming the netwokkt each step, the number of edges
(connections) within and between clusters is bejogntified by modularity indexQ. The
most parsimonious division in the network is sulseqly determined by choosing the one
maximisingQ, i.e. providing the most edges within clusters #mel least between. Network
structure analysis was performed in SOCPROG andaksed with NETDRAW. Next,
genetic relatedness and spatial overlap within betiveen clusters (social units) of the
resulting social network structure (determined@ys,) were compared with randomisation

tests using 10 000 permutations to assess sigmifca

3.3.3. Temporal variation in associations

All available telemetry data (radio and GPS) wegedito analyse temporal stability of
social relationships using previously describedinitgdn of association. The lagged
association rate (LAR) and standardised laggedcesggmn rate (SLAR) (Whitehaed 1995)
were used to model the temporal nature of assoomtin the overall population and
specifically for relationships within and betweasx/ge classes. Those techniques provide a
way to quantify the proportion and duration of ghaord long-term associations occurring in
the population by calculating the probability tleapair of individuals recorded together at
time zero will still be together at subsequent tiperiods, and averaging it over all
associations. The SLAR, as opposed to the LARuitalsle when not all associates are
recorded on every monitoring session, i.e. sampfwegiod (Whitehead 1995). Such a
sampling heterogeneity characterised radio-telgnuzta which required locating animals in
the field by the researcher. Consequently, tempasabciation patterns of radio-followed
animals (n = 53) were analysed using SLAR. In @astirGPS-telemetry ensures uniform
sampling (the GPS-collar is self-locating at fixede intervals) and therefore LAR was used
to analyse data from animals fitted with GPS-celldihus, the LAR analysis was restricted to
adults only (n = 12). Each LAR and SLAR was comgate the null association rate,
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expected if preferential associations do not ocdure uncertainty around the lagged
association rates was estimated with jackknifingcpdure over 10-day periods (Whitehead
1995).

A set of mathematical models approximating feafevarious social structures were
fitted to the observed lagged association rates it@hbad 1995). The models utilise
exponential decay and are composed of one, alinpmeaningful combination of three main
components. These components are: constant conmgsaips (permanent relationships
lasting until death), casual acquaintances (assogsalasting from few days to few years),
and rapid disassociations (associations lastinghfews at most). In the case of LARs, eight
social structure models were tested ranging fronpufation including only constant
companions (in which the association rate remaiosstant through time) to models
describing two levels of casual acquaintances {staod long-term). In contrast to LARSs,
four models consisting of two components or thembinations (constant companionships
and casual acquaintances) were fitted to the obde®LARs. For formulation of the models
fitted to LARs and SLARs see Appendix 2. The bé&sing and most parsimonious model
was selected using quasi-Akaike Information Critremrrected for small sample size (qAIC
Burnham and Anderson 2002, Whitehead 2007). Ther eround the model parameters
approximating proportion and duration of differéypies of associations in the population was
estimated using jackknifingll analyses of the temporal association patteragevearried out
in SOCPROG 2.4 (Whitehead 2009).

3.3.4. Variation in sociality

Three individual-based network measures (i.e. abtitr measures: strength,
eigenvector centrality, and clustering coefficientre calculated to investigate differences in
centrality (position and connectivity within thetwerk) between individuals of different sex
and age. These measures were calculated for the &9@ 2009 networks based on half-
weight association index (HWI) matrix using SOCPR@&1&l definitions given by Whitehead
(2009). Strength is a measure of gregariousnessisaride sum of edges weights (i.e.
association indices) connected to an individual.iddividual can have high strength either
because it associates weakly with many individealstrongly with just a few. Eigenvector
centrality integrates strength of a given individ@d its neighbours (associates) and
measures how well an individual is connected witthiea network. Thus, high eigenvector
centrality values may result from high strengthtteé individual or/and its neighbours. The
clustering coefficient is the proportion of an wmdual’s neighbours that are themselves
neighbours and thus describes how well associdtdse docal individual are interconnected.
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Clustering coefficient ranges from 0 (none of tinelividual's associates are connected,;
expected if no social grouping occurs) to 1 (altled individual’s associates are connected,;
expected when tight, closed social units occur).

To assess how sex and age determined socialitpddfiduals, generalized mixed-
effects models (Pinheiro and Bates 2000, Zuur.e2@09) were used. Three sets of models
(one for each centrality measure) were built, eamttaining candidate explanatory variables
introduced as factors: sex, age class (yearlingadwit, and adult) and interaction between
them. Group, individual, and network (= year) idgntvere treated as random factors to
control for social group effect and repeated meaments of the same individuals in two
analysed years. The log-likelihood tests revediatl tandom effect of the network (year) was
non-significant (P = 0.99) in the model for clugtgrcoefficient and therefore it was omitted
in the saturated model for this parameter. The isodeere ranked according to Akaike
Information Criterion corrected for small samplees{AIC.;; Burnham and Anderson 2002).

3.3.5. Genetic data analysis

Basic parameters of microsatellite polymorphism gedetic diversity (number of
alleles, allelic richness, expected and observedriwygosities) were calculated using
GENALEX 6.4 (Peakall and Smouse 2006) and FSTATu@&b 1995). GENEPOP 4.0
(Raymond and Rousset 1995) was used to estimateeiiing coefficientK,s) and test loci
for departures from linkage equilibrium and HardgMberg equilibrium (HWE) using
Markov chain method (parameters: 5000 dememorisasteps, 100 batches, 1000
iterations/batch). The significance level was ajdgor multiple testing across loci using the
sequential Bonferroni correction (Rice 1989).

Pairwise genetic relatedness, as defined by Quatid Godnight (1989), among all
sampled individuals (n = 411) was obtained with GERX 6.4. These values, representing
relatedness estimates based on the total alled@dreies in the population, were used in all
subsequent analyses. Using total allele frequerimes the studied population, 40 reference
families (40 “females”, 4 “piglets/female”) werensilated in KINGROUP 2 programme
(Konovalov et al. 2004) to test hypotheses of kimsh wild boar groups. Additionally,
maternity within the groups was established by dirgomparison of genotypes allowing
allele mismatch at one locus only.

Fine-scale genetic structure of the population wassessed using a spatial
autocorrelation utilising permutation proceduresi¢8se and Peakall 1999) as implemented
in GENALEX 6.4. Autocorrelation coefficients (r) tweeen pairwise genetic and geographic
distance matrices were calculated for variable ilaah distance classes ranging from 1 to 60
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km. The hypothesis of no spatial genetic structuas tested by 10 000 permutations of the
combined data set and 10 000 bootstraps was usedtitnate 95% confidence intervals

aroundr within each distance class. Additionally, the tielaship between genetic relatedness
and geographic distance was analysed with Mande(kantel 1967). The significance of the

correlation coefficient was assessed with 10 00@oen permutations (Schnell et al. 1985,
Manly 1997) in GENALEX 6.4.

Two complementary methods were used to analysextent of sex-biased dispersal.
Only adult individuals were analysed to capturetjolispersal situation. First, spatial genetic
autocorrelation analysis was performed for botheseseparately. Second, assignment tests
(mean corrected assignment index and its variance) were calculated separately falem
and females (Goudet et al. 2002, Hammond et al6)288 implemented in FSTAT (Goudet
1995). Statistical significance of P-value was of#d with 10 000 randomisations.
Individuals with a higher probability of being imgnants are expected to have negative
values of A}, whereas positive Alvalues characterise individuals originating frohe t
sampled population (Mossman and Waser 1999). Theafiance is expected to be larger in
dispersing sex (Lawson Handley and Perrin 2007).

A correlation between social associations and genefatedness was analysed using
Mantel tests and partial Mantel tests (Smouse.et386) controlling for spatial proximity,
between the association index (HWI) matrix and toeresponding matrix of pairwise
relatedness estimates. The significance of alletations was assessed using 10 000 random
permutations in SOCPROG.
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4. RESULTS

4.1. Social and spatial characteristics of the wildoar population

In total, 141 wild boars of known sex were capturdet majority of which (114)
belonged to 16 groups. The rest of the animals wiher solitary or belonged to unmarked
groups. Table 2 summarises the age and sex seuotuhe captured individuals. Yearlings
was the most common class of individuals (52% ef $ample), followed by adults (34%),
and subadults (14%). Overall, sex ratio tendedeaslightly female biased (53 males : 88
females, Fisher’s exact test: P = 0.054, testingpthesis of 1:1 sex ratio). A similar pattern
was observed in all age classes: yearlings (31ana#2 females, P = 0.51), subadults (6
males : 14 females, P = 0.33), and adults (16 mé@ademales, P = 0.15).

Groups were dominated by females (36 males : 7&lgsn P = 0.007). However,
significant female-biased sex ratio was observey ioradults associated in groups (2 males :
23 females, P = 0.001). The other age classes sheven sex ratio (yearlings: 29 males : 41
females, P = 0.40; subadults: 5 males : 14 fem#&les,0.31). The majority of adult males
(88%) were solitary, whereas most of adult femgE&%) remained associated in groups
(Fisher’s exact test, P < 0.001). Eighty-five petaaf solitary animals were adults (Table 2).

Home range size estimates were available for 6¥iohaals of all sex and age classes
followed in 2007-2011 (Table 3, Appendix 3). Honage estimates for individuals that
changed age class when re-trapped (n = 8) wergsamthkeparately. The size of home range
(MCP 90%) averaged 3.34 + 0.36 kifmean + SE) (Table 3). Both, the largest and the
smallest ranges were occupied by females (yearimgssubadults, respectively) (Table 3).
The size of the home range was affected by an ichai¥'s age (Table 4). In fact, the mean
size of the subadults’ home ranges was one-thedsike of other age classes’ (29% of the
yearlings’ and 33% of the adults’), whereas yegdiand adults occupied areas of similar size
(Tables 3 and 4). This pattern was uniform amongeses indicated by non-significant
interaction term of the model (Table 4). There wiassex-related difference in the size of
home range (Tables 3 and 4).
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Table 2. Composition of the sample of 141 wild boaptured in BPF in 2007-2011 including

individuals associated in 16 groups and solitargsonN ind. refers to the number of

individuals in each category and % of sample gpeportion of the total number of captured

animals. Sex-ratio of adults was calculated onhgimups with> 2 adults. Yearling: from 6-8
to 16-18 months old, subadult: from 16-18 to 24a#ghths, adult: >26 months old.

Category N inds % of sample Group composition
Mean (SE) RangeMedian
Groups 114 80.8
Males 36 25.5
Adult 2 1.4 0.1(0.08 0-1 O
Subadult 5 3.5 0.3(0.15 0-2 O
Yearling 29 20.6 1.8(0.48) 0-6 1.5
Females 78 55.3
Adult 23 16.3 1.4(0.22) 0-3 1
Subadult 14 9.9 09(0.40) 0-5 O
Yearling 41 29.1 26(0.66) 0-10 2
Group size
Adults only 1.79 (0.20)1-3 2
All age classes 7.19 (0.902-15 6.5
Sex ratio (% of males)
Adults only 10% (7) 0-50 O
All age classes 27% (5) 0-50 32
Non-group 27 19.2
Males 17 12.0
Adult 14 9.9
Subadult 1 0.7
Yearling 2 1.4
Females 10 7.0
Adult 9 6.3
Subadult 0
Yearling 1 0.7
Sex ratio (% of males)
Adults only 61%
All age classes 63%
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Table 3. Mean values (+ SE) of home range size (MG#) of wild boar followed in 2007-

2011. n — number of individuals.

Sex/age class

Home range size {km

Mean = SE Min - Max n

Males

Adult 4.29£1.36 0.04 - 13.75 10

Subadult 1.34+0.28 0.20-2.49 7

Yearling 3.86 + 0.59 1.21-6.65 11
Females

Adult 3.14£0.49 0.67 - 8.86 18

Subadult 1.13+£0.07 0.94-1.31 6

Yearling 4.78 +1.55 0.73-12.44 11
All 3.34+£0.36 0.04 - 13.75 63

Table 4. Parameters of the general linear mixeeetff model showing effects of an
individual’'s sex and age on the home range sizeRN0%) of wild boar. Response variable
was log-transformed. All explanatory variables wiaxetors and estimates for factor levels are

presented in relation to: sex (male), and age lipedr

Coefficient SE t-value P-value
0.899 0.266 3.371 0.002
-0.9740.320 -3.039 0.005
0.1640.224 0.730 0.470
-0.188 0.322 -0.584 0.563
0.316 0.387 0.815 0.421

0.020.387 0.069 0.945

Parameter

Intercept

Age (subadult)

Sex (female)

Age (adult)

Sex (female) x Age (subadult)
Sex (female) x Age (adult)
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4.2. Genetic variation of the population

In total, 123 alleles were detected across 16 agdlyoci. All loci were polymorphic
with the number of alleles per locus ranging betw@€S355, S215) and 15 (SW2021) in 411
genotyped individuals (Table 5). The overall inlolieg coefficient Fis = -0.004) was not
significantly different from zero indicating no dgéncy or excess of heterozygotes.
Averaging across loci, observed heterozygosity maslerate (mean + SE: 0.568 + 0.068)
and similar to expected heterozygosity (0.578 £9)0Deviations from HWE were observed
at 2 single loci (Table 5).

Table 5. Genetic variability of 16 microsatelliteecl analysed in 411 wild boar from BPF (see
Fig 1. for spatial distribution of samples). Na bserved number of alleles/locus, Allelic
richness — mean number of alleles/locus over pdipualaH. — expected heterozygosity, H
observed heterozygosity, HWE (P-value) — probabdit H, given H. (significant deviations

from HWE following sequential Bonferroni correctiane in bold).

Locus Na Allelic richness He Ho HWE (P-value)

S090 8 6.52 0.687 0.654 0.054
SW72 6 4.48 0.655 0.649 0.345
S155 8 4.56 0.470 0.513 0.589
S026 4 3.80 0.510 0.536 0.583
S355 3 2.16 0.078 0.075 0.424
S215 3 2.95 0.223 0.220 0.797
SW951 6 2.72 0.038 0.021 0.012
SW857 5 4.13 0.642 0.614 <0.001

SW24 8 6.32 0.524 0.496 0.049
SW122 7 6.99 0.799 0.826 0.487
IGF1 11 9.21 0.833 0.847 0.206
SW461 10 9.92 0.867 0.888 0.008
SW1492 5 4.24 0.425 0.411 0.484
SW2021 15 11.22 0.828 0.829 0.051
SW2496 13 11.35 0.858 0.678 <0.001

SW2532 11 9.42 0.807 0.815 0.104

Mean (SE) 7.7 (0.89) 6.25(0.77)  0.578 (0.069)0.568 (0.068)
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Linkage disequilibrium resulted for 10 (out of 126%i combinations, 8 of which included
markers mapped in different chromosomes, so thgsiphl linkage could be excluded.
Overall, coefficient of relatedness in the studeghulation averaged -0.002 + 0.001 (mean +
SE).

4.3. Socio-genetic structure of the population

Mean pairwise genetic relatedness among trappedadsiwas 0.040 £ 0.002 (mean +
SE, n = 111 inds). Individuals associated in grolps 15 groups) showed a higher mean
relatedness than solitary/non-associated ones (ta&ify 0.247 + 0.011 and -0.015 + 0.022,
respectively; P < 0.001; Fig. 2a). Individuals witlgroups were, however, less related to
each other than animals in reference, fully-reldgedilies (Fig. 2a). Consequently, levels of
relatedness within adult female — yearling (Phqtarid adult female — subadult pairs (mean +
SE; 0.215 + 0.022 and 0.258 + 0.050, respectivelgye lower compared to mother —
offspring from reference families (Fig. 2b). Simija mean relatedness within pairs of
yearlings, subadults, and adult females associat#te groups (mean £ SE; 0.261 + 0.016,
0.366 + 0.037, and 0.383 = 0.034, respectively)ilatdd lower levels of relatedness
compared to reference siblings (Fig. 2c), thusreaintting the full-sibship hypothesis.

However, parentage analysis showed that all grexpspt one contained at least one
family, i.e. mother and offspring (73% of groups) fall siblings (20%) (Table 6). The
average group contained 1.7 families (min.-max),0nembers (i.e. first degree-relatives) of
which made up on average 82% of individuals in treup (38-100%). Additionally,
overlapping distributions of relatedness betweenukited kinship classes and observed
association types (Fig. 2) indicate a substanhales of highly related individuals present in
the trapped groups. Therefore, it appears justibechll them family groups.

Mean intra-group relatedness decreased significavith increasing group size (Fig.
3). This indicates that larger groups are compadesl mix of families or have admixture of

unrelated individuals.
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to £1.5 times the interquartile range. Statistgighificance of the differences between the me#rfsR < 0.001, ** P < 0.01, * P < 0.05) was

obtained with randomisation tests (10 000 permara).
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Fig. 3. Relationship between mean intra-group eelia¢ss and size of trapped groups of wild
boar (n = 15 groups).

Photo 5. Sow and yearling rooting for food in thetertime in BPF. Photo by T. Podgorski.
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Table 6. Kinship relations within captured wild bagoups (n = 15). Maternity and sibship

were established by direct comparison of genotyjpe&4 loci compared) allowing allele

mismatch at one locus.

_ _ N siblings _
Group ID  Group size Mother ID N offspring Unassigned
(no mother)
1 6 A (ad.) - 1 (yearling)
A (ad.) 4 - 1 (yearling)
3 3 - - 2 (yearlings) 1 (yearling)
A (ad. 2
4 9 (ad.) ] )
B (ad.) 5
5 15 A (ad.) 7 2 (yearlings) 5 (yearlings)
A (ad.) 6 2
6 10 (ad. females 1 (yearling)
B (ad.) 1 A and B)
7 4 A (ad.) 3 - -
A (ad.) 1
4(2,2)
8 13 B (ad.) 1 _ -
(yearlings)
C (ad.) 4
A (ad.) 2 2 1
9 10 B (subad.) 3 (subad. females
(subad. male)
C (subad.) 1 B and C)
10 8 A (ad.) 1 6 (subadults) -
A (ad.) 5 2 (ad. females
11 7 -
B (ad.) - A and B)
12 2 - - - 2 (ad. females)
13 5 A (subad.) 2 - 2 (subadults)
A (ad.) 4 2 (ad. females ]
14 8 1 (yearling)
B (ad.) A and B)
15 3 - - 3 (ad. females) -
Mean/group 7.3 1.3 3.8 1.8 1.0
(£SE) (0.96) (0.25) (0.68) (0.42) (0.34)
Range 2-15 0-3 0-7 0-6 0-5
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4.4. Dispersal and spatial genetic structure of thpopulation

Dispersal patterns were determined from a comioinatf spatial and genetic data.
Temporal variation in the geographic distance t® tlentre of the natal home range was
analysed for 20 yearling wild boar (Fig. 4). Thejonidy of yearlings (60%) did not disperse
and the distance to the centre of the maternal erahgoughout the monitoring period
remained similar in males (mean + SE: 1124 + 26im,634 locations) and females (1131 +
37 m, n = 469) (Mann-Whitney U-test: W = 156074+ B.152; Fig. 4). The distance to the
natal home range centre maintained by non-dispgssarlings corresponded to the radius of
the average adult female home range (1000 m, kig. 4

Forty percent of the focal individuals dispersee. (left their natal home range
permanently) (Table 7). There was no evidence fx-lsased dispersal as each sex
constituted half of the dispersers. However, medaded to disperse for longer distances than
females (Table 7). The age at which the dispergahteoccurred was similar in males and
females (18-20 and 19-21 months, respectivelygréstingly, long-distance emigration was
also observed in adult wild boar (> 3 years old)e@dult male was hunted 28 km away from
the centre of their home ranges and two adult fem28 and 30 km away (Appendix 4). The
proportion of long-distance migrants in the sangdlall marked adults was 5% in males and
6% in females.

Overall, the coefficient of relatedness in the sddpopulation averaged -0.002 +
0.001 (mean = SE, n = 411 inds). Pairwise genefateédness among individuals showed a
slightly negative correlation with geographic dmsta within the study area (Mantel test: r = -
0.083, P < 0.001, 10 000 permutations; Fig. 5).

Fine-scale spatial autocorrelation analyses indicgiresence of genetic structure
among adult individuals only over short distancgstrelation coefficients (r) between spatial
and genetic distances had positive values signifigalifferent from zero within 0-1 and 1-5
km distance classes only (Fig. 6). In the subseqgdetance classes (5-60 km) r was no
longer greater than at random. Thus, spatial gerstucture of wild boar in BPF was
maintained at a distance up to 5 km.

If dispersal is dominated by one of the sexessitirrored in weak and quickly
disappearing genetic structure of the dispersing sdereas the philopatric one exhibits
distinct structuring stretching over larger distscTo test this, spatial genetic structure was
analysed for each sex separately and only adukichhls were considered to capture post-
dispersal situation. Both, males and females shosigdificantly positive r-values in the

distance classes up to 5 km (Fig. 6).
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Table 7. Individual variation in dispersal paranmgtef 20 yearling wild boar from Biatowia
Primeval Forest in years 2007-2010. The table etdispring identity (ID) and its mother
identity (in parentheses), age of offspring duriraxking, distance to the centre of maternal
home range during the last month of following (Brste), and whether individual dispersed
or not (Dispersed) (i.e. left maternal home rangeranently) and at what age dispersal event

occurred (in parentheses).

ID Age during tracking (months) ?r'nsé?;é? Dispersed
Males

8 (4) 10-12 to 16-18 390 no
45 (27) 18-20 to 30-32 741 no
22 (19) 6-8 to 24-26 913 no
10 (13) 6-8 to 24-26 931 no
12 (13) 6-8 to 24-26 959 no
47 (46) 16-18 to 22-24 978 no
59 (48) 8-10to 14-16 1092 no
24 (25) 6-8 to 16-18 1946 yes (10-12)
38 (36) 22-24 to 38-40 7826 yes (28-38)
54 (52) 6-8 to 20-22 11579 yes (16-18)
7 (4) 14-16 to 22-24 24195 yes (18-20)
Mean dispersal distance (+SE) 11384 (x4707)

Percent of dispersers 36%
Average dispersal age (months) 18-20
Females

29 (28) 8-10 to 24-26 552 no

30 (27) 8-10 to 32-24 616 no

14 (13) 6-8 to 14-16 624 no

11 (13) 6-8 to 20-22 1171 no

61 (46) 6-8 to 16-18 1466 no

23 (25) 8-10 to 22-24 1968 yes (10-12)
9 (4) 8-10to 16-18 3037 yes (16-18)
60 (48) 8-10 to 20-22 3713 yes (20-22)
32 (31) 20-22 to 40-42 6795 yes (28-40)
Mean dispersal distance (xSE) 3879 (x1036)

Percent of dispersers 44%
Average dispersal age (months) 19-21
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Fig. 5. Spatial correlation between geographicadist and genetic relatedness as determined

by Mantel test (r = -0.083, £0.01, 1000 permutations, 411 samples).

However, strength of the correlation differed bedwesexes depending on the
distance. Within the 0-1 km distance class fembbas higher r-values than males (mean +
SE: 0.166 £ 0.0001 and 0.113 + 0.0003, respectivdigst: t = 154.81, d.f. = 14733.6, P <
0.001), whereas within 1-5 km distances males sHomealues twice as high as females
(0.037 £ 0.0001 and 0.017 + 0.00001, respectivetgst:t = 120, d.f. = 16090.2, P < 0.001).
This may reflect females tendency to settle indinect neighbourhood of a kin. Nevertheless,
overall similarity in structuring and its decay ogeographic distance between sexes does not
provide enough support for sex-biased dispersal.

Similarly, assignment index analysis providedditfividence for sex-biased dispersal.
Individuals with higher probability of being immants are expected to have negative values
of corrected assignment index (Alwhereas positive Alvalues characterise individuals with
a lower probability of being migrants. The 50 adoiales analysed had negative mean
assignment index (mean At -0.259) in contrast to the positive mean assgmnndex for
the 78 adult females (0.166). Additionally, malésaad a greater Alvariance (13.33) than
females (12.06), suggesting higher variability daghe mixture of immigrants and native
males. However, differences between sexes in bathnpeters were not significant (AP =
0.52, AL variance: P = 0.79). Despite marked tendency tdsvgreater dispersal in males

than in females, results of the tests for biasedeatsal suggest that the bias is insignificant.
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4.5. Association patterns

4.5.1. General characteristics

Radio-telemetry data from two years (2008: 31 afgnaad 2009: 30 animals) was
used to investigate association patterns in wilar pmpulation. The mean (£SE) half-weight
association index (HWI) among all individuals wa89% (0.008) in 2008 and 0.068 (0.007)
in 2009 indicating that two randomly chosen induats spent on average 9.5% and 6.9% of
the time together in 2008 and 2009, respectivelyweler, in the two analysed years, the
majority of dyads did not associate (66% and 808spectively). The mean (£SE) of all
nonzero HWI values was 0.277 (0.019) in 2008 aB8®(0.026) in 2009 suggesting that of
the two years of the study, individuals that asstecspent 27.7% and 33.6% of the time
together, respectively. The mean (xSE) values ef ttaximum HWI (2008: 0.66 (0.05);
2009: 0.50 (0.05)) indicated that some pairs ofviddals formed strong associations and
remained associated for 66% and 50% of the tinR008 and 2009, respectively. The sex of
two individuals forming an association did not atfehe HWI between them in the two years
of the study (Mantel test; 2008: r = 0.022, P 9013 = 378; 2009: r = 0.005, P =0.49, n =
435) indicating no sexual segregation in sociatacts.

The association dataset was randomly permuted ti0@3. The observed mean HWI
was significantly lower than the random mean (2@dfserved mean = 0.095, random mean =
0.104, P < 0.001; 2009: observed mean = 0.068 orandean = 0.072, P < 0.001) showing
that individuals formed preferential associatiomdoth years of the study. Additionally, the
observed coefficient of variation of the HWI wasalsignificantly higher than the random
one (2008: observed CV = 2.54, random CV = 1.7§,001; 2009: observed CV = 3.13,
random CV = 2.44, P < 0.001) indicating a widerietyr of associations than expected by
chance (i.e. presence of associations with highdrlawer HWI than expected by chance).
Consequently, proportion of nonzero associationth@population was significantly lower
than at random (2008: observed 34%, random 91%0PG; 2009: observed 20%, random
66%, P < 0.001) and mean nonzero HWI was signifigamgher than at random (2008:
observed mean = 0.277, random mean = 0.114, P034,02D09: observed mean = 0.336,
random mean = 0.110, P < 0.001). Altogether, tHe hypothesis that the wild boar in the
study population associate randomly was rejected.
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4.5.2. Association patterns and genetic relatedness

In both, 2008 and 2009, association strength ametgerelatedness were positively
correlated. The same pattern held true when coilwakwere controlled for spatial overlap of
utilised area (Table 8). The relationship betwessvaiation strength and relatedness between
individuals was stronger in 2008 and it may beitaited to higher proportion of yearlings
(remaining within family groups) in the sampledraals compared to 2009 (52% and 3%,
respectively). Association strength among femalesetated positively with their genetic
relatedness, regardless of whether or not spatiallap was controlled for (Table 8).
Contrastingly, association strength among males maitl correlate with their relatedness,
except for 2008 when spatial overlap was not cdietidor (Table 8). This exception can be
explained by a large proportion of yearlings renmgnwithin family groups which is
supported by a lack of correlation when spatiakpnity was controlled for.

Table 8. Correlation coefficients between assammastrength (HWI — half-weight association
index) and genetic relatedness (n — number of pg@raomparisons) in wild boar population.
Correlation coefficients (r) and statistical sigraince (P) were obtained using Mantel and

partial Mantel (controlling for spatial overlap aftilised area) tests based on 10 000

permutations.
Category 2008 2009
n r P n r P

All 465  0.502 <0.001 435 0.243 <0.001
Females 190 0.494 <0.001 136 0.210 0.007
Males 45 0.325 0.020 78 0.131 0.134

Controlled for spatial overlap of utilised area
All 465 0.209 <0.001 435 0.172 <0.001
Females 190 0.204 0.006 136  0.129 0.048
Males 45  -0.032 0.569 78 0.172 0.086
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4.6. Temporal patterns of associations

Adult wild boar formed non-random, preferential asations which, as shown by
lagged association rates (LAR), were temporarillatieely stable (Fig. 7a). The LAR
estimates probability that a pair of individualsoeled together at time zero will still be
together at subsequent time periods, and averagesr all associations. The levels of LAR
was higher than expected by chance and did notidatiull association level (i.e. LAR if
individuals associated randomly). The proportiomsl aluration of short and long-term
associations occurring in the population were estidth with a set of exponential models
which were fitted to the observed LARs (Fig. 7)eThodels are composed of one, all, or any
meaningful combination of three main componentqistant companionships (permanent
relationships lasting until death), casual acqaaioés (associations lasting from few days to
few years), and rapid disassociations (associatfiasting few hours at most). Table 9 and
Appendix 2 detail components of the models fit@d ARs observed for all adults, as well as
within and between sexes.

Interaction patterns among adults in the populat@re dominated by long-term
relationships which lasted few years and represe®®@o of the associations in the population
(Table 9). Short-term, casual acquaintances lastimgverage one day characterised roughly
one-third of the associations (Table 9).

Adult females formed non-random, long-term assamiatthat were stable over time
(Fig. 7b). The vast majority (81%) of female-femassociations were life-time long. The rest
lasted for about a week (10% of associations) sint#grated within a day (Table 9).
Contrastingly, male-male and male-female relatiggsiwvere more dynamic and reached the
level of random association after a relatively shione (Figs 7c and 7d). Most of associations
among adult males (60%) broke down within a dayo34sted several days, and only 6%
had permanent character (Table 9). Female-maleatitens were particularly short-lived:
76% of associations disintegrated within a day, d4%ted few days and there virtually no

long-lasting relationships (Table 9).
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Fig. 7. Temporal
patterns of associations
described by lagged
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boar, (b) among adult
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Table 9. Values and temporal characteristics of dbeial components derived from the
models fitted to lagged association rates (LARspmgnall individuals as well as within and
between sexes of adult wild boar in BiatogaePrimeval Forest (see Fig. 7). Each model
consists of a proportion of constant companions, (&§, rapid disassociations (RD), and
casual acquaintances (CA) of two types: permanauantancespern) lasting for particular
period of time {pery and casual acquaintancgs) that last for shorter periodsc). This
values correspond to percentage of each social @oemp in the population. The standard
error (SE range around the mean) of each parameaestimated by jackknifing procedure.
The best fitting model was chosen by minimising Siifekaike Information Criterion value
(qAIC). For a more detailed description of the medee Whitehead (1995). Formulation and
parameters of the models are given in Appendix 2.

Model component Value (SE range)
All adults

Permanent acquaintanc@gefm) 69% (60-78)

Duration of permanent acquaintancgs) 3.7 years (1.6-9.1)

Casual acquaintancg4) 31% (22-40)

Duration of casual acquaintanceg)( 0.9 days (0.5-4.8)

Female — female

Constant companionshipg.§) 81% (72-90)

Casual acquaintancg4) 10% (4-16)

Duration of casual acquaintanceg)( 7.1 days (4.4-18.4)
Male — male

Constant companionshipg.§) 6% (5-7)

Casual acquaintance4) 34% (13-55)

Duration of casual acquaintanceg)( 2.8 days (2.0-4.6)
Male — female

Constant companionshipg.§) 0.2% (0-0.8)

Casual acquaintance4) 24% (3-45)

Duration of casual acquaintanceg)( 2.9 days (1.1-4.8)
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The standardised lagged association rates (SLA&s)lated for associations among
animals of all age classes, between vyearlings/sitsadand adults, and among
yearlings/subadults were stable over time, highantexpected by chance and not falling to
random association level indicating presence ofepeatial companionships (Fig. 8). An
exponential model estimating number of associatesdaration of relationships was fitted to
each SLAR calculated for all animals and specifje alasses (Fig. 8). However, in contrast
to LARs, models fitted to SLAR’s contain only twamponents or their combinations:
constant companionships and casual acquaintancaisle TLO and Appendix 2 detalil
components of the models fitted to observed SLARSs.

Association patterns among all animals (yearlirsgdhadults, and adults) were best
described by the model including casual acquaimsicomponent only. However, duration of
these casual acquaintances (5.3 years) indicatethtbg represent relationships stable over
time and long-lasting (Fig. 8a, Table 10). At aywshort time lagsy-intercept of the SLAR
represents reciprocal of the mean number of skam-tcompanions of a randomly chosen
individual (Whitehead 1995) which provides an appration of the group size derived
solely from social interactions. A randomly chosadividual from the population was
expected to have 4-5 associates at a time (Tablel'h® provides the estimated group size of
8 animals (scaled by mark rate of 61% plus one tfe individual), which roughly
corresponds to trapping data (mean group size £/SDt 3.6).

The best model describing temporal patterns of cagons between
yearlings/subadults and adults consisted of cofstang-term companionships and short-
term, casual acquaintances (Fig. 8b, Table 10). piogportion of constant companions
(potentially life-time long) in the total number a$sociation types was 83% (value of SLAR
at its level-off point in relation to its maximunei model lingy-intercept). This corresponds
to ~1 adult being constant companion of the yeg#dimbadult (Table 10). Short-term, casual
acquaintances between yearlings/subadults andsaddie estimated to last 40 days on
average (Table 10).

The relationships among yearlings/subadults werst lukescribed by a model
containing a casual acquaintances component onty @b, Table 10). However, SLAR
decayed very slowly over time and never reachedrémelom level (Fig. 8b) indicating
preferential and stable affiliations in those alpsses (Fig. 8b). In fact, estimated duration of
associations among yearlings/subadults was almbsyears corresponding to permanent,
potentially life-long relationships (Table 10).
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Fig. 8. Temporal patterns of associations descrifpedtandardised lagged association rates
(SLARs) among all radio-marked wild boar (a) andwsen yearlings/subadults and adults
and among yearlings/subadults (b) in Biatosaid’rimeval Forest. The SLARs are compared
to null association rates (SLAR if individuals assted randomly) and the best fit model is
shown for each SLAR (see Table 10 for descripti@tandard error bars were obtained by

jackknifing.
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Table 10. Parameters of the social structure derfvem the models fitted to standardised
lagged association rate (SLAR) among all wild bgaarlings, subadults, and adults), within
yearlings/subadults, and between yearling/subadaittd adults in Biatowiea Primeval
Forest. The standard error (SE range around the)haéaeach parameter was estimated by
jackknifing procedure. The best fitting model wasosen by minimising quasi-Akaike
Infromation Criterion value (gAIC). For a more d&td description of the models see
Whitehead (1995). Formulation and parameters ofitbdels are given in Appendix 2.

Model of association Value (SE range)

Parameter

All animals
Casual acquaintances
Number of casual associates 4.5 (4.2-4.8)

Duration of casual acquaintance 5.3 years (2.9-31.9)

Yearling/subadult — adult

Constant companions + Casual acquaintances

Number of casual associates 1.7 -
Duration of casual acquaintance 40.3 days (19.0-328.1)
Number of constant companions 1.4 -

Yearlings/subadults
Casual acquaintances
Number of casual associates 3.6 (3.5-3.7)

Duration of casual acquaintance 10.74 years (4.4-25.2)
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4.7. Social network

4.7.1. Network structure, genetic relatedness and spatial relationships

Analysis of social network structure was performed two separate networks
constructed using association data from years 20@82009 (Figs 9a and 9c). Clustering of
modularity matrix divided the networks into 6 andclusters (hereafter social units),
respectively (Figs 9a,c). Modularity was maximisatd 0.684 (2008) and 0.764 (2009)
indicating strong division and marked structuririghee networks (values >0.3 indicate good
division, Newman and Girvan 2004). The average sfzeocial unit was 4.5 + 1.8 (mean *
SD) individuals. However, correcting social unizesifor mark rate (61%) resulted in the
expected social unit size of 7 individuals. Socialts generally corresponded to the family
groups determined from capture data (Figs 9a,c)th@@e occasions, two family groups were
merged to form social units (green symbols in 2608 dark grey in 2009, Fig. 9), and 6
individuals not associated in the family groups.(solitary) were assigned to social units.

Both in 2008 and 2009, the degree of relatednesswgher among individuals within
social units than between them. Intra-unit levetedétedness was, however, less than half of
the value observed within family groups (Table &ipce similar patterns were observed in
both years of the study, the data were pooled darspecific analysis to increase its power.
Adult females sharing membership of the social wete more related among themselves
than those belonging to different units and, sirhylao the overall pattern, the degree of
relatedness within social units was less thandfathat observed within family groups (Table
12). Contrastingly, the degree of relatedness batvwadult females and adult males within
and among social units did not differ (Table 12)eTonly two adult male — adult male dyads
that were identified within social units (ID 2 — IB6 and ID 26 — ID 41, Figs 9a and 9c,
respectively) consisted of unrelated individuaddgtedness coefficient -0.06 and -0.17).

Overall, the overlap of space utilisation distribaotwas significantly higher among
individuals within social units than between thehalfle 11). The same pattern held true if
only adult females and adult female — adult male@ddywere considered (Table 12).
Additionally, spatial overlap within social unitsnéan + SE; 0.583 + 0.022) was markedly
higher compared to the average overlap observea@mib studied animals irrespectively of
the social unit membership (0.154 + 0.008). Spaiadrlap was positively correlated with
association strength (HWI) (Mantel test: r = 0.8 900, P < 0.001, 10 000 permutations).
These results indicate that spatial proximity apdtisl interactions were largely reflected in
social structure. Genetic relatedness showed ateetvsex-specific effect on the strength of
social bond (Table 8) and social unit membershgb(& 12).
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Explanation to Fig. 9 (p. 45)

Fig. 9a), c). The social network of wild boar based osoamtions data from year 2008 (a)
and 2009 (c). Nodes and numbers symbolise individnanals, lines represent social ties.
The thickness of the line corresponds to the sthenfysocial bond. Network structure was
determined using modularity matrix clustering, aneimbership of social units resulting from
the analysis is colour-coded. Network structursakely derived from social interaction data.
Broken-line encircles individuals that had beentesu together and remained closely
associated for at least 2 months afterwards (fagnbyps). b), d). Spatial distribution of the
individuals within the study area in 2008 (b) an@02 (d). Location of the individual's
symbol corresponds to its home range centroid ahalics of the symbol indicates social unit

membership. Polygons represent area of 90% MCP hange.
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Table 11. Mean (x SE) relatedness and spatial aveoetween individuals in the wild boar social rekvin years 2008-2009. Average

relatedness and spatial overlap are given for iddals sharing membership of the family group amialounit (within) and those associated with

different groups or units (between). Family groupfer to animals trapped together which remainedety associated afterwards, whereas
social units result from network partitioning basedely on associations frequency (see Fig. OtisStal significance of the differences was

obtained with randomisation tests based on 10 @d®tations.

Year Family groups Social units
Parameter within between P within between P
2008

Relatedness 0.301 + 0.0360.014 + 0.008 <0.001  0.158 + 0.030 -0.013 + 0.009 <0.001

Spatial overlap 0.768 £ 0.023 0.110 £ 0.006 <0.001 0.581 + 0.035 0.098 + 0.006 <0.001
2009

Relatedness 0.224 + 0.0400.000 £ 0.010 <0.001  0.078 £ 0.028 0.001 +£0.010 0.004

Spatial overlap 0.670 £ 0.053 0.101 £ 0.008 <0.001  0.584 + 0.030 0.065 + 0.006 <0.001
All

Relatedness 0.277 + 0.02€0.008 £ 0.006 <0.001  0.122 + 0.022 -0.007 = 0.007 <0.001

Spatial overlap 0.730 £ 0.025 0.106 £ 0.005 <0.001  0.583 £ 0.022 0.082 + 0.004 <0.001
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Table 12. Mean (x SE) relatedness and spatial avernong all wild boar, among adult females, artdiden adult females and adult males in
the social network in years 2008-2009. Averagdedlzess and spatial overlap are given for indivglaharing membership of the family group

or social unit (within) and those associated wiffedent groups or units (between). Statisticah#igance of the differences was obtained with
randomisation tests based on 10 000 permutations.

Parameter Family groups Social units
within between P within between P

Relatedness
All animals 0.277 £ 0.026-0.008 + 0.006 <0.001  0.122 +0.022 -0.007 + 0.007 <0.001
Ad.F-ad. F 0.259 + 0.069-0.021 + 0.020 <0.001 0.116 +0.070 -0.020 £ 0.020 0.008

Ad.F-ad. M - - - 0.085 + 0.080 -0.025 + 0.025 0.068
Spatial overlap

Allanimals  0.730 £ 0.025 0.106 + 0.005 <0.001 0.583 +0.022 0.082 +0.004 <0.001
Ad.F-ad.F 0.671+0.0830.128 £0.016 <0.001 0.593 +0.058 0.089 £0.012 <0.001
Ad.F-ad. M - - - 0.502 +0.091 0.108 £ 0.016  <0.001
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4.7.2. Variation in sociality
Individual sociality was quantified by three netwarentrality measures (strength,

eigenvector centrality, and clustering coefficiemthich describe position and connectivity of
an individual within the social network.

The strength of the individual, measuring how sgfgran individual associates with
the others, averaged 1.65 = 0.15 (mean + SE). €kerbhodel explaining variation in strength
included sex, age and the interaction between tfieile 13). Although the overall effect of
sex was insignificant (Table 14), changes in stiie@aghong age classes varied between sexes,
as indicated by significant interaction term (Table8 and 14). Yearlings demonstrated the
highest strength (Fig. 10a, Table 14) which dropgledrply, when they reached the age of
subadults. This effect was significantly more seitatl females. Subadult females, compared
to males, tended to increase the strength of @émsociations with other individuals when
reaching adulthood, as indicated by a significatgraction term (Fig. 10a, Table 14).

The second measure, eigenvector centrality, integrstrength of a given individual
and its neighbours (associates) and measures hdvanvadividual is connected within the
network. The eigenvector centrality averaged 0.89.02) and its variation was mainly
shaped by the age of an individual but each sei#gt a different pattern of decrease in this
measure throughout their lifetime (Fig. 10b, Tab. Yearlings tended to show the best
connectivity within the network (i.e. the highesgenvector centrality values). Subadult
females maintained similar level of this parametbrch, in contrast, continued to decline in
males until adulthood (Fig. 10b, Table 14).

The third measure, clustering coefficient, is theportion of an individual's
neighbours that are themselves neighbours anddgaibes how well associates of the focal
individual are interconnected. The mean clustecoefficient was 0.37 (x0.03) and variation
of this measure was best explained by the moddhoong age only (Table 13). Similarly to
other centrality measures, the clustering coefiicielecreased throughout the life of
individuals (Fig. 10), probably as an effect of §@@s becoming less dependent on the group
and associating more outside their natal groups.

Thus, social behaviour of an individual appearegtary according to its age and sex
(Fig. 10, Table 13). Overall, age appeared the rfagtor influencing individual’'s position
and role in the social network. Network cohesiors Waagely maintained by young animals.
Older animals tended to be more peripheral in teafrt®nnectivity with the amplitude of this
effect modified by sex.
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Table 13. The sets of generalized mixed modelsyamg effects of sex and age of the
individual on three centrality measures (strengigenvector centrality, clustering coefficient;
see explanation to Fig. 10) calculated for eaclividdal wild boar (n = 60) forming social
networks in Bialowiea Primeval Forest in 2008-2009. Included in thdetadye corrected
Akaike Information Criterion (AlCc) values and thdference between each model and the
best fitting model AAIC.), number of model parameters (k), and the Akaikesghts ().
The models were ranked in ascending order of thécAtalues (the most parsimonious
models are on the top of each list).

Parameter Model k AIC. AAIC. i
Strength
Age + Sex + AgexSex9 394.7 0.00 >0.999
Age + Sex 7 432.1 37.40 <0.001
Age 6 432.2 37.48 <0.001
Null 4 570.4 175.65 <0.001
Sex 5 571.4 176.70 <0.001

Eigenvector centrality
Age + Sex + AgexSex9 1919 0.00 0.963

Age + Sex 7199.7 7.82 0.019
Age 6 199.9 8.04 0.017
Null 4 258.8 66.90 <0.001
Sex 5 260.3 68.39 <0.001
Clustering coefficient
Age 5 304.4 0.00 0.507
Null 3 306.1 175 0.212
Age + Sex 6 306.6 2.21 0.168
Sex 4 307.7 3.34 0.096

Age + Sex + AgexSex8 311.0 6.62 0.018
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Table 14. Parameters estimated from the generafiagdd effects models included in the
most parsimonious model (according to AlGnalysing effects of sex and age of the
individual on three centrality measures (strengifienvector centrality, clustering coefficient;
see explanation to Fig. 10) calculated for eaclividdal wild boar (n = 60) forming social
networks in 2008-2009. Sex and age were fitted aadof variables with “male” and
“yearling” as reference levels, respectively. Thedels were fit with error structure following
Poisson distribution. Response variables were plidtd by 100 before fitting to achieve
integers. SE = standard error, CL = confidencetlifariables with the 95% CLs of estimates

not spanning zero are in bold.

Parameter Estimate @ SE  95% lower C25% upper CL P
Strength

Intercept 4943  0.247 4.459 5.427 <0.001
Age (subad. vs. yearling) -1.055 0.077 -1.205 -0.904 <0.001
Age (ad vs. yearling) -0.525 0.188 -0.894 -0.155 0.005
SexxAge (femalexsubad.) 0.630 0.095 0.443 0.817 <0.001
SexxAge (femalexadult) 0.343 0.212 -0.073 0.758 0.106
Sex (female vs. male) -0.155 0.118 -0.387 0.076 0.188
Random effects VarianceSD
Individual ID 0.048 0.219
Group ID 0.731 0.855
Network ID 0.031 0.175

Eigenvector centrality
Intercept 0.769 1139 -1.463 3.002 0.499
Age (subad. vs. yearling) -5.069 0.675 -6.392 -3.747 <0.001
Age (ad vs. yearling) -2.713 1.273 -5.208 -0.218 0.033
SexxAge (femalexsubad.) 3.973  1.089 1.838 6.108 <0.001
SexxAge (femalexadult)  2.187 1502  -0.757 5.131 0.145
Sex (female vs. male) -1.091 0.912 -2.878 0.696 0.231
Random effects VarianceSD
Individual 1D 1.558 1.248
Group ID 6.939 2.634
Network ID 0.999 0.999

Table 14. — continued on the next page
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Table 14. — concluded.

Parameter Estimate @ SE  95% lower C25% upper CL P
Clustering coefficient

Intercept 2.943 0.297 2.360 3.525 <0.001

Age (subad. vs. yearling) -0.187 0.076 -0.336 -0.037 0.014

Age (ad vs. yearling) -0.039 0.087 -0.209 0.131 0.653

Random effects VarianceSD

Individual ID 0.019 0.138

Group ID 1.608 1.268
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Fig. 10. Observed values of the three centralityasnees which describe position and
connectivity of an individual within the social mairk: a) Strength - measures how strongly
an individual associates with the others, b) Eigetor centrality - how well an individual is
connected within the network, c) Clustering coedint - how well associates of the focal
individual are interconnected; calculated for indial wild boar (n = 60) forming social

networks in 2008-2009.
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5.DiscussION

5.1. Recapitulation of the results

Associations and network analysis has been incrglgsused over the last years to
study social interactions and structural properiesocial organisation across variety of taxa:
from social insects (Fewell 2003, Naug 2008), disdr (Croft et al. 2005), reptiles (Godfrey
et al. 2009), birds (McDonald 2007), to cetacednsgeau et al. 2006, Wiszniewski et al.
2010), and primates (Flack et al. 2006, Henzi et28D9). Network approaches provide
powerful ways to comprehensively analyse relatigpgssbetween social and genetic structure
in wild populations, yet such studies are rare.yQeWw studies combined explicitly network-
based analysis of social structure with geneti@a datinvestigate a link between genetic
relatedness and association patterns (bottlenoksids Tursiops sp.: Wiszniewski et al.
2010, Galapagos sea lions: Wolf and Trillmich 20@8)g-tailed manakinsChiroxiphia
linearis: McDonald 2009, guppieBoecilia reticulata: Croft et al. 2012). To my knowledge,
this study is the first one in terrestrial vertdbrao combine telemetry-derived data on
associations, network analytical tools, and genigticrmation to explore the link between
kinship and social behaviour.

Recording dyadic spatial proximity (associatioagproximates situations in which
actual interactions might occur. Previous studi@erred association patterns from direct
observations of identifiable individuals what ereslithat associating individuals were in
direct contact. This study utilises mainly indirecadio-tracking records of associations.
Therefore, it could be a source of bias, becausapproach requires setting spatial proximity
threshold between associating individuals to taki® iaccount radio-tracking error. The
threshold used here (up to 350 m) was conservateejncluded a maximum of 60% of
associations which would have been recorded, iimieee radio-tracking error of 153 meters
was used. | also believe that the threshold uskedvetl communication via olfactory and
auditory cues which are the most commonly usedraspecific interactions of wild boar.
Generally, the coherence of the results obtaindd twapping, genetic and association data
indicates that meaningful associations were recbrdibe problem did not occur when GPS
locations were used due to their high spatial amur

The wild boar population in the Biatowig National Park is largely driven by natural
processes. Long-term dynamics of population numizersainly shaped by winter severity,
which increases natural mortality, and by cyclic stmay of trees, which enhances
reproduction and survival. Mortality is primarilyaesed by diseases and starvation, followed
by wolf predation. Hunting and logging is not alkedvwithin the BPF. Moreover, forest
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composition is characterised by high share of matstands and old-growths which harbour
rich community of ungulates and large predator®rétore, the results of this study describe
patterns in wild boar population as natural as ips$n contemporary temperate woodlands
of Europe.

The average family group size estimated from tla@ping data, as well as from
analyses based on social interactions alone, was sedividuals. The vast majority of adult
females and young animals (<2 years old) were &socin groups, whereas adult males
were mostly solitary. Individuals associated inup® were significantly more genetically
related to each other than solitary individuals.&arage, the intra-group level of relatedness
corresponded to second-degree relatives. Withmoapgrelatedness was negatively correlated
with group size. Members of the family groups shdvextensive spatial overlap, whereas
little space was shared by animals from differeanhify groups. Ranging patterns were
uniform across sexes but varied with age, with dulia occupying the smallest home ranges.

Wild boar formed non-random, preferential, stalyild ong-lasting associations. The
temporal stability of associations was particulastyong among adult females and animals
forming family groups. Conversely, adult males fedshort-lived associations disintegrating
within a few days. The frequency of fission-fusiewents (be it of single individuals or
groups) was moderately low. There was a strongelairon between association strength and
genetic relatedness but kin-targeted interactioxteneling beyond spatial proximity were
observed only among females.

On the population level, there was a negativeimgiahip between geographic distance
and genetic relatedness. Genetic structure wastddtenly at a small spatial scale (up to 5
km) which corresponds to the size of 2-3 home rarigethe studied population. Genetic
structure was maintained at the same distance ilesmand females. However, females
showed a stronger relationship between geneticspatial distance at short distances (0-1
km) while males showed stronger structuring indbeond distance class (1-5 km). Based on
population genetics, | found little evidence fox4®ased dispersal, yet there was a tendency
towards greater dispersal in males. Telemetry datalispersal provided results consistent
with genetic data: the majority of young wild badrboth sexes remained within or in close
vicinity of the maternal home range. Males tendedlisperse further away from the natal
area than females while frequency of dispersal nedsexually biased. Dispersal occurred at
the age of 18-21 months.

The social network, derived solely from associatiata, was spatially structured with

well defined and cohesive social units. The closdchn of the social structure revealed in
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social units and family groups (obtained from triagpand genetic data) indicated that they
mirror the same level of social organisation. Spatidesed by the members of a given social
unit overlapped extensively while little overlap svabserved across social units. However,
spatial distribution and overlap of individuals tunot entirely explain the association

patterns and network structure. Association ande@erdata indicated that active social

preferences and targeted interactions played irapbrbles in shaping the social structure of
the population. Wild boar within the same sociatsjralike family groups, were more related
to each other than to members of other social uHitgh intra-unit relatedness among adult
females supports matrilineal nature of the socrtsu Conversely, adult males and adult
females associated in the same social units wereetaded.

Sociality of wild boar generally decreased withe agf the individuals, and the
magnitude of the effect was modified by sex. Youvilyl boars showed the strongest and
most diverse connections within the network. Theebrof dispersal marked a decrease in
sociality, which was manifested stronger in malemtfemales. Similarly, grouping tendency
was the highest among yearlings and decreasedagih mildly in females and sharply in
males. These results highlight the role of youniglwbar in maintaining the cohesion of the
social network.

Given the natural environmental setting of the gtypepulation and its virtually
undisturbed character and history (limited huntimg translocations), | believe that observed
patterns and processes of social relationshipgsept reference picture of the social structure
of wild boar inhabiting lowland forests of Europeamperate zone.

5.2. Grouping patterns - demography, relatednessna spatial relationships

Overall, behavioural and genetic data showed highiability and confirmed
matrilineal composition of family groups within tiséudy population. Trapping data showed
that average group comprised seven individualgréstingly, similar estimate was obtained
based on social interactions alone. Analysis ofptanal patterns of associations and network
structure resulted in a group size of 8 and 7,aesgely. A group was typically composed of
1-2 adult females, several yearlings, and a fevaguls. In a sample of captured wild boars,
the vast majority of adult females and young indiinls (< 2 years old) was associated in
groups, whereas most of adult males were solit&mwup size in wild boar show high
variation and ranges from 2 to 28 individuals (Wildar: Rosell et al. 2004, Poteaux et al.
2009; free-ranging feral pigs: Gabor et al. 1999Yhe BPF, Lebedeva (1956) reported group
size of 3-5 individuals in the period of low poptita density (years 1946-1953), whereas
Jedrzejewska andedirzejewski (1998) documented an average groupddiZe-6 in years of
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moderate and high density (1986-1995). Average mgige found in the present study is
similar to estimates found across variety of geplgi@al locations: 7 inds in north-eastern
France (Poteaux et al. 2009), 4 inds in northerairSRosell et al. 2004), and 6 inds in
Texas, USA (Gabor et al. 1999).

In wild boar, extended postweaning associatiomaden mother and offspring lead to
the formation and persistence of matrilines (Kariiret al. 2005). This process has been
shown to drive the emergence of kin structuresewesal mammalian species, e.g. yellow-
bellied marmotsMarmota flaviventris (Armitage 1998) and ringtailed lemutemur cata
(Nuun and Pereira 2000). In the present study, wddr group composition was largely
shaped by kinship, i.e. relatedness among indiNgdwéhin groups were significantly higher
than across groups and among solitary individu@ls. average, the intra-group level of
relatedness corresponded to second-degree reldiives wide distribution of pairwise
relatedness values indicated the presence of wotlated and fully related individuals in the
groups. In fact, however, all analysed groups Im&t contained fully related individuals, be it
mother with offspring or full siblings, which madg 80% of the group members. Therefore,
despite observed deviation from the full relatedn@gothesis, observed groups appeared to
be matrilineal, family groups. This finding is castent with previous studies on wild boar
(Kaminski et al. 2005, eastern France; Poteauxl.eR(09, north-eastern France; but see
lacolina et al. 2009 for non-kin associations irsdany, Italy). However, the level of intra-
group relatedness found in the present study wgsehithan previously reported for wild boar
in central Italy (lacolina et al. 2009), north-eastFrance (Poteaux et al. 2009) and feral pigs
in Australia (Spencer et al. 2005). This seem tafiom the previously suggested disturbing
effect of hunting on wild boar social structure iasshows higher stability of kin-based
associations in the absence of hunting.

The wide distribution of pairwise relatedness Goefnt among yearlings and between
adult females and yearlings in the studied popatatidicated that multiple litters of different
females were associated in family groups. This sggported by an inverse relationship
between intra-group relatedness and group sizéh@©ather hand, exceptionally high level of
relatedness among subadults and adult females nwitmnily groups (0.37 and 0.38,
respectively) suggests that recruitment into exgstmatrilines or formation of new ones
involved highly related individuals (i.e. first- osecond-degree relatives). This is in
accordance with the findings of Kaminski et al. 8P from eastern France showing that
yearling females from one social group tended avdeor stay in the natal group collectively.
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Kin structures, such as wild boar matrilineal greuenhance the benefits of group
living by increasing the indirect component of ungive fitness. This is achieved by kin-
directed social learning and cooperative behavieumd includes acquisition of information
about resources (e.g. food patches, breeding dngdersites), predation avoidance strategies,
cooperative foraging and breeding (West et al. 208307, White and Cameron 2009,
Williams et al. 2013). Helping behaviours, such assistance in thermoregulation, anti-
predatory vigilance and defence, can be particuladvantageous strategy to optimise
foraging and rearing of young when multiple littene present simultaneously in a group.
This strategy is likely to be represented in witthl the species that exhibits high synchrony
of reproduction within one social group (Delcroik a. 1990) and produces large litters
(Carranza 1996, Servanty et al. 2007). Alloparecaa is particularly rewarding and should
be promoted in matrilines, where the gain in fisnbenefits is increased as a result of helping
relatives (but see Clutton-Brock 2002 for the renieWinter severity has been shown to be a
main factor affecting the survival and reproductioh wild boar (ddrzejewska and
Jedrzejewski 1998, BPF, Poland; Geisser and Reyer5,20@rth-eastern Switzerland).
Therefore, achieving good body condition and garsaofficient fat reserves before winter is
crucial for wild boar fitness. In the BPF, the atarop occurring in autumn is the most
efficient way to achieve the abovecdizejewska andedrzejewski 1998). Individual oaks
show high variation in acorn production (Koenigaét 1990, Healy et al. 1999, Greenberg
2000, T. Podgorski, unpublished data), creatingrogeneous distribution of food resources
in this crucial period. Therefore, acquiring infaton on high quality food patches would be
advantageous to young animals and would encouradepptry. It has been shown that
foraging efficiency can be considerably improved ibformation obtained through social
learning (Laland and Plotkin 1990, Midfrod et al0B, Galef and Laland 2005) and use of
spatial memory (Edwards et al. 1996). Neverthelesreficial effects and adaptive value of
kin structures in wild boar populations have not yeen evaluated and need further
investigation.

In the present study, members of the family graslpswved extensive spatial overlap,
whereas little space was shared by animals froferdifit family groups. This is indicative of
significant group effect on space use patternengtsite fidelity, and, consequently, potential
for cooperative behaviours (e.g. foraging). Strepgtial segregation was paired with distinct
genetic structuring, i.e. individuals within famigyoups were more related to each other than
across groups. This positive relationship betwegzial and genetic structure corresponds to

the idea that kin structure can arise from limithgpersal alone and does not necessarily
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imply any targeted, beneficial interactions amoirg kndeed, studies have demonstrated that
genetic structure can emerge as by-product of paity through a passive process of
accumulating relatedness locally (Fowler 2005, Caalipet al. 2008). However, spatial
segregation might not entirely explain the obserdad-based structure as targeted
interactions among kin can occur within spatiatipistured populations (Wolf and Trillmich
2008). Indeed, fine-scale analysis of associatioefepences in the studied wild boar
population showed that spatial segregation doegutigtaccount for the observed grouping
patterns.

Wild boar exhibit remarkable intraspecific varaatiin home range size (see Keuling
et al. 2008 for review). Some studies reporteddatgpme ranges in male wild boar in Italy
(Morini et al. 1995) or feral pigs in CaliforniaSA (Baber and Coblentz 1986) and Australia
(Saunders and Kay 1991), whereas no sex-relatéstatites were found in other Italian wild
boar populations (Boitani et al. 1994, Massei etl8B7) and north-American populations of
feral pigs (Wood and Brenneman 1980, Singer e1381). Home range size in females did
not vary with age (Keuling et al. 2008). Generalljild boar shows considerable spatial
behavioural plasticity across a wide range of gaplgic locations and habitats (Spitz 1992,
France; Boitani et al. 1994, Italy; Massei et 891, Italy; Podgoérski et al. 2013, Poland). In
the present study, home range size (90% MCP) agdra@ km, which was an intermediate
value compared to other studies. Ranging pattegppeaaed to be uniform across sexes as
similar-sized home ranges were occupied by botlkese@xeach age class. Space use patterns
varied with age: while home ranges of yearlings athalts were comparable in size, subadults
had significantly smaller home ranges compared tteeroage classes. In fact, subadults
occupied an area roughly one-third the size of thabther age classes. This pattern was
consistent across sexes. In this study, home resty@ates were built upon 90% of locations
and thus represented permanently used areas. timesourrance, Cousse et al. (1994) showed
that young wild boar tended to move temporarily otithe natal area. Possibly, those pre-
dispersal exploratory movements could not be fréigorded in the present study due to the

limitations of radio-tracking, thus leading to unetimation of subadults’ home ranges.

5.3. Spatial genetic structure of the population effect of limited dispersal

Social organisation is largely shaped by populati@metic variation and structure
which can determine, for example, patterns of aations (Dobson et al. 1998). At the same
time, social relationships (grouping patterns, nwtstrategies, dispersal) influence the
genetic make-up of the population (Sugg et al. 186rz 1999, Kritzen et al. 2003). In the
present study, | evaluated the spatial geneticttre of the wild boar population to make
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inferences on its social organisation. The analggiblighted how dispersal operates on an
individual and population level.

Overall, there was a slight yet significant negatrelationship between geographic
distance and genetic relatedness indicating theepoe of local kin clusters and the
importance of philopatry in shaping the structuirevidd boar population. This was supported
by the results of the spatial autocorrelation asialyGenetic structure was detected only at a
small spatial scale corresponding to the size wf ieme ranges in the study population. It
means that for the majority of individuals, theganest neighbour was their close relative.
The non-random genetic structure observed only shert distances is usually associated
with limited dispersal (Peakall et al. 2003, Costed Kovach 2012). Given that my analysis
concerned only adult animals and thus reflected-gigpersal situation, the observed spatial
genetic structure is indicative of reduced natapdrsal. Interestingly, a similar spatial genetic
structure was observed in males and females infpicomparable gene flow in both sexes
and lack of sex-biased dispersal. However, findesddferences in the strength of the spatial
genetic correlation between sexes suggested thiasraad females may differ in dispersal
strategies at small spatial scales (<5 km). Thatiogiship between genetic and spatial
distance was significantly stronger in femaleshatrsdistances (0-1 km), while males showed
stronger structuring in the distance class of Isb Khis may reflect females’ tendency to
settle in a direct neighbourhood of a kin. Simjjaib genetic structure analysis, assignment
index also provided little evidence for sex-biasgidpersal. No significant differences
between sexes in dispersal frequency were foundguassignment index (Al and its
variance. Despite the statistical insignificancawaver, both estimates indicated a tendency
towards somewhat greater dispersal in males théamales.

Previous studies have supported male-biased dapersvild boar. Poteaux et al.
(2009) found spatial genetic structure in females ot in males. Mark-recapture data also
revealed a male bias both in dispersal frequeneylikg et al. 2010, northern Germany) and
distance (Truvé and Lemel 2003, southern Sweddmsd findings are consistent with the
dominant type of natal dispersal in mammals, paldity in group-living species with
polygynous mating system (Greenwood 1980, Dobs@2,18male et al. 1997). However, a
number of species across various mammalian takaskxcbiased dispersal, e.g. Canada lynx
Lynx canadensis (Campbell and Strobeck 2006), kangaroo Eapodomys spectabilis
(Edelman 2011), fat-tailed dwarf lem@Gheirogaleus medius (Fredsted et al. 2007), snowshoe
harelLepus americanus (Burton and Krebs 2003). No bias is expected wloemnosecological

factors (e.g. competition for resources or mategjblly affect the reproductive success and
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survival of males and females (Smale et al. 19®ri®® and Mazalov 2000). Thus, lack of
sex-biased dispersal is common in monogamous ardargo species of mammals
(Greenwood 1980, Dobson 1982, Smale et al. 19991).ekample, solitary kangaroo rats
defend territories surrounding complex burrow syste Ownership of these burrows is
crucial for the survival of both males and femadesl thus promotes equal dispersal of both
sexes (Edelman 2011). In polygynous species, ladgex bias is expected if competition for
resources limits the reproductive success of fesnaldnereas male bias should occur when
competition for mates is prevailing, i.e. resourdes not limit female fitness (Perrin and
Mazalov 2000). In the study population, proportioh males among adults was 33%
suggesting low competition for mates among malegshvbould be a reason for insignificant
sex-bias in dispersal. However, effect of resouraeailability on females reproductive
success remains unknown and needs further inviastiga

The analysis of dispersal variation of the indiatly radio-marked yearling wild boar
provided results consistent with genetic data. fitagority of individuals remained within or
in close vicinity of maternal range. Males tendedlisperse further away from the natal area
while frequency of dispersal was not sexually bilaggonsequently, such dispersal patterns
were reflected in the spatial genetic structuraailt animals. Secondary dispersal observed
in adult wild boars was incidental and could ndéeetf population genetic structure. Previous
studies from southern Sweden (Truvé and Lemel 2868)northern Germany (Keuling et al.
2010) found dispersal to be highly skewed towarusrtsdistances (few kilometres) with
males covering longer distances. These findingcansistent with my results and suggest a
limited spatial extent of wild boar dispersal, ineajority of young wild boars remain within
or in close vicinity of their natal home rangescbntrast to the result of Poteaux et al. (2009)
and Keuling et al. (2010), | found no evidence suppg more frequent dispersal in males.
Timing of dispersal observed in the present stualyesponds to previously reported age of
>16 months (Gabor et al. 1999, Keuling et al. 20Ngturally, disappearance of young wild
boar from the population is not only due to dispkkait also, and even to greater degree, due
to mortality. In the BPF, Lebedeva (1956) estimateattality of piglets in their first year of
life at 40% of the animals born. In the Kampinostidlzal Park, Poland, Jezierski (1977)
estimated natural mortality of wild boar at 48% &6 in the first and second year of life,
respectively.

Dispersal has evolved as a strategy to circumvegative effects of inbreeding and
kin competition (Gandon and Michalakis 2001) witlaleabiased dispersal dominating in

mammals (Greenwood 1980, Dobson 1982). Sexualibiasld boar dispersal was weakly
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manifested in the present study, which is intriguin a species with a polygynous mating
system. It is likely, however, that observed ficale differences in dispersal distances
provide a sufficient level of spatial segregatioravoid mating and competing with relatives.
Other mechanisms, such as female preferences fiomgr@artners, may additionally prevent
breeding with related males (Honer et al. 2007). &@mple, in pilot whale&lobicephala

spp., both females and males commonly remain in thal mabups but females typically mate

with members of other social groups (Amos et a@3)9
5.4. Genetic and temporal effects on association fperns

5.4.1. Effect of relatedness on association patterns

Generally, wild boar in the study population fodn@on-random, preferential
associations. The pattern was observed in bothysedl years suggesting its temporal
stability. The majority of dyads did not associatest probably due to spatial segregation.
On the other hand, some pairs of individuals forstedng associations, spending over half of
their time together. Although studies allowing ca@ngon with other wild boar populations
are lacking, such association patterns are expdotedroup-living animals and have been
reported for other social species such as Galapsgmdions (Wolf et al. 2007), bottlenose
dolphins (Lusseau et al. 2006, Wiszniewski et @1.(), and guppies (Croft et al. 2005).

| found no sexual segregation in terms of socianeativity in the studied wild boar
population. Both males and females associatedferdiitly, however, the temporal nature of
the interactions differed significantly between egxintersexual social ties have been shown
to play an important role in maintaining the cobesbf the social network in bottlenose
dolphin populations and were attributed to reproigdec strategies and environment
heterogeneity (Lusseau et al. 2003, Wiszniewski.€2010). In wild boar populations, sexual
segregation has not been systematically investiggtt. Body size dimorphism, which
diversifies energy demands, foraging and anti-pgoegiastrategies and thus leads to separation
of sexes in space and time, is generally respandin sexual segregation in ungulates
(Ruckstuhl and Neuhaus 2002). Ecological segregaiio diet and habitat use) of sexes
correlates positively with body size dimorphismvietn sexes in browsers but not in non-
ruminants, such as wild boar (Mysterud 2000). Ifdveioar, sexual dimorphism in body size
is not apparent through juvenescence and adolesceeaching a moderate value of
approximately 20% in adult animals (Moretti 199%®dBne et al. 1995). This difference,
paired with sex-specific life histories, might begortant in predation risk management and

can, among other factors, contribute to sex seiparat adults only. In the conditions of BPF,
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wild boar is predated by wolf (19% of annual natumortality) and very rarely by lynx (1%)
(Jedrzejewska andedrzejewski 1998). Wolf impact is heaviest on theurygest cohorts:
juveniles and yearlings (70% of wild boar killed byolves) (ddrzejewski et al. 2000).
Therefore, grouping as a strategy to minimise gredaisk is beneficial for adult females
with offspring and young animals but not for adulales which can defend themselves and
are rarely attacked (Kudatkin 1982ddzejewski et al. 1992, 2000, Quenette and Gerard
1992)

The strong correlation between association streagtl genetic relatedness indicates
that wild boars in BPF spend more time with induats to which they are more related. This
could have been an effect of mere spatial distiwoubf individuals, i.e. animals closer to
each other having greater chance of interacting it neighbours due to cross-generational
site fidelity. However, the positive relationshiptiveen strength of social bond and
relatedness held true when spatial proximity wasacted for, indicating the presence of
targeted interactions among kin. Behavioural meisnas and benefits of these associations
in wild boar are not well understood. It is not gibge at this point to determine foraging or
reproductive advantages of preferential kin assiocia. If inclusive fithess benefits are the
main drivers of targeted kin interactions in maighl system, we should expect interactions
among related females to be favoured in wild béadeed, the data showed that females
associated preferentially with related femalespevben spatial proximity was accounted for.
This result provides ultimate evidence that kirgéded interactions among females underlie
the observed kin structures, which are thus natedyta result of simplistic, passive process
of local accumulation of relatedness. Potentiadiyect and indirect fithess benefits of these
associations may include increased foraging effye gaining information on resource
distribution, anti-predatory defence, increasedvisal of piglets through cooperative
breeding. Social bonds between related females haea demonstrated to have a positive
effect on female fitness in other group-living spsede.g. yellow-bellied marmots: Armitage
and Schwartz 2000; review in Silk 2007). For examplesence of matrilines was associated
with increased juvenile survival in Townsend's wMicrotus townsendii (Lambin and
Yoccoz 1998) and lion®anthera leo (Packer and Pusey 1995). Furthermore, individual
preferences to associate with kin can increaseakoghesion at the population level (African
elephants: Archie et al. 2006; yellow-bellied matsn&/ey and Blumstein 2010). In contrast
to female—female associations in the present studg,boar males formed associations with
unrelated males. Wild boar males compete agairtt etner for access to receptive females

and may obtain greater reproductive benefits bucid) competition with related males.
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5.4.2. Temporal stability of associations

Overall, the social organisation of the wild boapplation in BPF was characterised
by stable, long-lasting associations of individumiglying a strong group cohesion. The
stability in the dynamics of associations was patérly strong among adult females and
animals forming family groups (yearlings, subadudigult females). Adult males were mainly
engaged in dynamic, short-lived associations. Feeqy of fission-fusion events (be it of
single individuals or groups) was moderately low.

The proportion of casual acquaintances in the @joul was relatively low indicating
moderate fission-fusion dynamics between group®rt8ime, casual relationships among
animals forming groups (yearlings, subadults, atkrtales) ranged from 10 to 17% of all
associations and lasted 7-40 days on average. igherhfrequency and longer duration of
casual acquaintances found in yearlings and sutsaohaly suggest that these cohorts mainly
contributed to temporal dynamics of inter-grougerattions. This would be consistent with
the high connectivity of young wild boars withinetisocial network. Fission-fusion events
have been reported from other wild boar populatiidgteaux et al. 2009, north-eastern
France) and free-ranging feral pigs (Gabor et @89] Texas, USA) although temporal and
demographic effects were not quantified. This stagproximates the duration and limited
frequency of temporal associations but | coulddeiermine the nature of these associations,
i.e. whether they represented temporal associatainpermanent social units, transient
individuals joining different groups temporarily; short-time preferred relationships between
individuals. Flexible, fission-fusion social orgaaiion, where group composition changes
over multiple temporal scales, was found in somghllyi social species, e.g. bottlenose
dolphins (Connor et al. 2000), spotted hyedascuta crocuta (Holekamp et al. 1997),
African elephants (Wittemyer et al. 2005), and anbar of primate species (Aureli et al.
2008). This flexibility may allow individuals to dmise the costs and benefits of group-
living according to changes of socio-ecologicatdes such as availability and distribution of
resources, predation pressure, and social interecfWrangham 1982, Dunbar 1992, Schaik
1999).

Associations among adult females were stable ang-lasting (potentially life-time
long). Only 10% of associations were short-time,preferential, acquaintances. At least two,
mutually non-exclusive, reasons can underlie tligepn. Long-lasting associations provide
time-lag necessary for individuals to develop béhanal reciprocity and to profit from
cooperative behaviours. Secondly, philopatry andir@ct fithness benefits resulting from

matrilineal structure may enhance the stabilityso€ial bonds. High levels of intra-group
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relatedness (particularly among subadult and deufiales) provide more evidence for the
temporal stability of kin-based social groups. Highmporal stability of relationships between
adult females and younger cohorts suggests a lobleston of social groups and strong
clustering of the population. This prediction wasnformed by social network analysis.
Interestingly, associations among yearlings ingtugly population were exceptionally stable
and long-lasting, which seems to correspond to ktékaviour of collective dispersal or
philopatry described by Kaminski et al. (2005) #old boar in eastern France.

Associations of adult males (with other adult madesl females) in this study were
short-lived. The majority (65-75%) of male’s assticins disintegrated within a day and the
rest lasted a few days at most. This is consistéhtthe solitary lifestyle of adult male boars
described previously (Dardaillon 1988, Boitani et 994, Gabor et al. 1999). Short-time
casual acquaintances, in which adult males engagg,be due to interactions with mating
competitors (associations with other males), assessof females reproductive status (with
females), or enhancement of foraging efficiencyuhijsing social cues provided by groups

(with females and/or groups).
5.5. Wild boar social network

5.5.1. Network structure and genetic relatedness

This study demonstrated non-random and temportdlyles patterns of associations in
the wild boar population from BPF and revealed aostructure that emerged from social
association data alone. Hence, structural unitaltreg from social network analysis are
referred to as social units. In both analysed yeailsl boar formed well defined, spatially
structured, and cohesive social units. Interesgintile population structure revealed in the
social units closely matched the one of family gro(determined from trapping and genetic
data), which was reflected in similar group sized amomposition. On three occasions,
however, two family groups (38% of all marked greugvere merged to form social units
suggesting frequent interactions between membethasfe family groups. An individual’s
membership of the social unit was stable acros$wbeyears with only one adult female (ID
34) switching the unit. These results again dematesimnoderate fission-fusion dynamics in
the studied population, which is consistent witle thnalysis of temporal dynamics of
association and previous studies on wild boar irhneastern France (Poteaux et al. 2009)
and free-ranging feral pigs in Texas, USA (Gabale1999).

The close match of the social structure revealedocial units and family groups

suggests that they mirror the same level of sawighnisation. Social relationships of many
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social species are hierarchically structured (Amicelephant: Wittemyer et al. 2005;
Galapagos sea lion: Wolf et al. 2007; bottlenodptdos: Wiszniewski et al. 2009; review in
Hill et al. 2008). Levels of social organisationlghendividuals to cope with dynamic
ecological and social pressures and can be detedmioy spatial isolation and habitat
fragmentation (bottlenose dolphins: Lusseau e2@03, Wiszniewski et al. 2009), seasonality
(African elephants: Wittemyer et al. 2005), sex agé of individuals (Wittemyer et al. 2005,
Galapagos sea lions: Wolf et al. 2007), and finafigividual ranging patterns, social
preferences and kinship at the finest spatial s@siecan elephants: Wittemyer et al. 2005,
Galapagos sea lions: Wolf et al. 2007, Wolf andirirch 2008). Apparently, at the spatial
scale of the present study, there was no evidesrca fiierarchical pattern in wild boar social
organisation. Nonetheless, high intra-group relaesd, cohesion, and stability suggest that
social units represent a basic functional levekibdd boar social structure. A similar pattern is
observed in matrilineal societies of African elepisa(Wittemyer et al. 2005, Archie et al.
2006).

The social network of the studied wild boar popolatvas spatially structured. Space
utilised by the members of a given social unit tajgred extensively, while little overlap was
observed between individuals across social ungati&l segregation appears to be a common
rule of social structuring in many species. Howegenuine social preferences often override
spatial relationships proving that observed stmgstuare not mere effect of individuals
distribution in space (Lusseau et al. 2006, Wolle2007, Wiszniewski et al. 2009, Mourier
et al. 2012). Is this the case also in the studidgd boar population? Naturally, since spatial
extent of the study site greatly exceeded the geeteome range size, we should expect
individuals in close proximity to interact more erfit Not surprisingly, wild boar associations
and spatial overlap were found to correlate. Thgontga of marked individuals (82%)
showed some overlap and thus, potentially, theythadchance to interact. However, only
26% of animals associated at least once. Moregoeeng pairs of individuals sharing as much
as 40-50% of utilised area did not form associati@nd some pairs associated infrequently
(half-weight association index 0.22) despite extensive spatial overlap of thélised area
(66-79%). Finally, genetic data showed that prefeag kin targeted, associations persisted in
the population regardless of spatial proximity. €eouently, spatial distribution and overlap
of individuals does not fully explain associatioatterns, what indicates that active choices
made by animals played an important role in shapsngial structure of the studied
population. Comparable mechanisms were found teedromplex structures of bottlenose
dolphin societies (Lusseau et al. 2006, Wiszniewslkl. 2010).
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Fine-scale site fidelity creates an environment thailitates development of social
relationships through repeated, non-random intemagt It can also favour and reinforce
cooperative behaviours and behavioural reciprdeisyshown by theoretical work of Ferriére
and Michod, 1996), leading to strong bonds betwsmme animals. Site fidelity occurring
over generations (through limited dispersal and éamnge inheritance) leads to local
clustering of kin or matrilines (grey sea#alichoerus grypus. Pomeroy et al. 2001; Canada
geeseBranta canadensis: Fowler 2005; Australian sea lidteophoca cinerea: Campbell et al.
2008). In such a scenario, likely to be presewild boar, increased indirect fithess benefits
make strong social bonds between relatives paatigulrewarding (Townsend’s voles:
Lambin and Yoccoz 1998; yellow-bellied marmots: Aage and Schwartz 2000, Canada
geese: Fowler 2005; review in Silk 2007). Yet, thesstion remains how animals choose
social partner, which in turn leads to the formataf these stronger bonds. In populations
organised in kin clusters, kin discrimination iprame candidate for mechanism determining
choice of social partner (theoretical work of Rerind Lehmann 2001; grey seals: Pomeroy
et al. 2001). Queller (1992) suggested that a nmestia, spatially based rule can be sufficient
to recognize kin. It assumes that individuals ie tfatal area are likely relatives and allow
animals to infer from this probability when makibghavioural decisions. My results show
that kin-directed social preferences in wild bogiead beyond simple spatial proximity and
thus imply the potential role of kin recognition.

Wild boar within the same social units were mortatszl to each other than to
members of other social units. Compared to familyupgs, the average intra-unit levels of
relatedness were lower probably due to social cmibposition, i.e. admixture of unrelated
solitary individuals, mix of few families. Nevertless, a similar pattern of strong genetic
structuring in family groups and social units com that they represent virtually the same
level of wild boar social organisation. Consequgnparallel mechanisms and adaptive
values, as discussed for family groups, also applthe formation and persistence of social
units. High intra-unit relatedness among adult fiesaupports the matrilineal nature of the
social units.

On the contrary, adult males and adult femalescestsal in the same social units were
not related. However, adult boars (males) normdthynot form stable associations with
groups (this study, and southern France: Dardaill®®88; central Italy: Boitani et al. 1994;
feral pigs in the USA: Gabor et al. 1999). It ispible that males may interact preferentially
with a group of breeding females before mating @eds increase their mating opportunities
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later on. As observations of adult males assogatiith groups were rare, they may represent

an alternative male mating strategy.

5.5.2. Variation in sociality within the network

Sociality of wild boar, estimated by three netwatkntrality measures, varied
primarily with age of individuals. A general decseain the level and diversity of social
connectivity throughout the lifetime of an indivaluvas also modified by its sex. The degree
of sociality during an individual’s lifetime may ahge as a behavioural response to different
life stages. Young wild boar of both sexes remainthieir natal groups from birth until
roughly 1.5 year of age, when dispersal occurs.|ltAidmales recruit into natal matrilines or
settle in their close vicinity, whereas adult mdlesome solitary (Dardaillon 1988, Boitani et
al. 1994, Cousse et al. 1994, Gabor et al. 199%iKski et al. 2005, Poteaux et al. 2009,
Keuling et al. 2010, this study). These life-higtpatterns were largely mirrored in changes
of sociality at different life stages.

Young wild boar had the strongest connectionsiwithe network. As those animals
were in pre-dispersal age, their high strength nikesly reflected strong bonds within natal
groups. This is consistent with extended intra-graassociations reported previously
(Kaminski et al. 2005). The onset of dispersal radria decrease in the strength of social
connections. Dispersing and adult males showedvdakest connectivity, which conform to
their solitary lifestyle and temporally limited asgtion rates as shown previously.
Interestingly, adult females showed a weaker aationi strength compared to yearlings,
suggesting a lower intensity of intra-group corgdmtween adult females and yearlings than
among yearlings. Strong bonds among yearlings nfeyititate dispersal decisions which,
were observed to be synchronised within the natalgs (Kaminski et al. 2005).

Yearlings were overall best connected within theiaonetwork suggesting that
diverse associations extend beyond strong bondsnaiheir natal groups. Such behaviour
could potentially precede and facilitate disperdatisions by allowing animals to assess
habitat quality and social context in the viciny the natal area. Extensive exploratory
behaviour in the yearling wild boar was describgdClbusse et al. (1994) in southern France.

Older females showed a gradual decrease in thesitivef connections, probably due
to strong site-fidelity and low inter-group intetianis of adult females as demonstrated by
lagged association rates. Adult males were leastexied within the network indicating their
occasional social interactions. Nevertheless, @getor centrality showed very high variation
across age classes, suggesting that other factadsl enfluence individual variation in
sociality, one of the candidates being charactesisbf behavioural traits of individuals
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(personalities or temperaments) (Krause et al. ROB8havioural signatures of individuals
have been shown to affect individual social retadltips in rhesus macaqudscaca mulatta
(Weinstein and Capitanio 2008) and connectivityhwitsocial network in three-spinned
stickleback<Gaster osteus aculeatus (Pike et al. 2008) and guppies (Croft et al. 2009)

The tendency to group, as measured by clusteoegficient, was the highest among
yearling wild boars. This is in accordance withestliindings of this study demonstrating
temporal and spatial cohesion of the family grougsouping tendency decreased with age
and showed marked, yet statistically insignificamtersexual differences. Female’s clustering
coefficient tended to decrease only slightly uatdulthood indicating their role in building
social groups as demonstrated in this and prestudies (Gabor et al. 1999, Kaminski et al.
2005, Poteaux et al. 2009). Conversely, males’@rag to group declined sharply as they
grew older. Overall, however, the clustering cadint decreased with age of individuals
reflecting a gradual shift from strong intra-growgbationships in young animals to increased
number of interactions directed outside the grauplder ones. Age has been identified as a
strong predictor of an individual's sociality andsaciation structure in females of rhesus
macaques (Widdig et al. 2001) and baboBapio cynocephalus (Silk et al. 2006) and in
males of African elephants (Evans and Harris 2008).

All three centrality measures used in the presamdyshighlighted the role of young
wild boar in maintaining cohesion of the socialwatk. This was also evident from a higher
mean association index and overall network conwvigégtin year 2008, when yearlings made
up 53% of the sampled individuals, compared to 20@%n yearlings were nearly absent
(3%). Altogether, two explanatory variables (sexi aage) explained changes in sociality
reflecting major transitions in wild boar ontogenyet, identifying the behavioural and
ecological mechanisms shaping the architectureoofak networks in this species requires
future research.

This study, by comprehensive methodological apgrpahowed how behavioural
decisions of an individual translate into emergeotial and genetic structure at the
population level. Structural properties of the abgystem revealed in social network were
confirmed by trapping and genetic data. Moreovpatial and genetic information provided
evidence that preferential, kin-targeted, intemwgi of females underlay observed social
organisation. Such detailed insights would not haeen possible using just one of the
employed methods. This methodological approach apearticularly suited to study how
kin selection shapes and operates at differentdefeanimal social systems.
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6. CONCLUSIONS

(1) Social organisation of the wild boar populatiorBialowieza Primeval Forest was
generally shaped by non-random, preferential aggons, which were largely stable and
long-lasting. High temporal stability of associatsoobserved among animals forming groups
implies strong group cohesion. Consequently, fis$ision dynamics was moderately low.
Positive correlation between strength of socialdsoand genetic relatedness extended beyond
the effect of spatial proximity of individuals. Hewer, kin-targeted interactions were
observed only among females. Adult males engagdginamic, short-lived relationships.

(2) Family group, determined from trapping and dgiengata, was typically composed
of 1-2 adult females, several yearlings and fewadulis and, on average, consisted of 7
individuals. Most adult males were solitary. Groapmposition was largely shaped by
kinship. Mean intra-group level of relatedness egponded to second-degree relatives.
Extensive spatial overlap was observed among asiméhin groups, and limited overlap
across groups. This is indicative of the significgroup effect on space use patterns and
strong site fidelity.

(3) Social structure of the wild boar populatiomvealed by network analysis,
trapping, and genetic data, was organised in waflhdd and cohesive social units. The units
were also genetically distinct, with high intra-gpoand low inter-group genetic relatedness.
The genetic structure in the network can be inttgal as an emergent property of philopatry
and spatial segregation of social groups. Howesgatial relationships could not fully explain
association patterns and network structure. Theoitapce of social preferences and kin-
targeted interactions was apparent, particularlgragrfemales.

(4) Sociality of wild boar generally decreased wiitle age of individuals. Magnitude
of the effect was modified by sex. Young wild bsAowed the strongest grouping tendency
and were the most diversely connected within thevork. The onset of dispersal marked a
decrease in sociality, which was manifested strongenales than in females. These results
highlight the role of young wild boar in maintaigicohesion of the social network.

(5) Genetic and behavioural data revealed a limgpdtial extent of wild boar
dispersal and strong kin-based structuring of thyeufation. Sex bias in dispersal frequency
was insignificant. Females usually settled in tiveal vicinity of the maternal home range
and males few home ranges away from the natal&itatial genetic structure was detected at
a small spatial scale corresponding to few homgesin the studied population.

(6) The study showed how social and genetic straabfithe population emerge from

behavioural decisions and preferential interactmiiadividuals.
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Appendix 1. Temperature and wild boar density dynamics

Fig. A. Temporal variation of the temperature relc@rpper panel) and wild boar population
density (lower panel) within the study area (cdnpaat of the Biatlowiea Primeval Forest).
Eight-day temperature record was obtained from M®DI data sets
(http://modis.gsfc.nasa.gov/). Estimates of wildubdensity come from annual drive-counts
conducted in January-Februamynpublished data of the Mammal Research InstifRtish

Academy of Sciences).
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Appendix 2. Models describing temporal patterns of wild boar asociations

Table A. Models of lagged association rates amdinigdividuals as well as within and between seakadult wild boar in Biatlowiga Primeval
Forest. Each model consists of a proportion of @oriompanions (CQyc), rapid disassociations (RD), and casual acquaiet (CA) of two
types: short-termpg,) that last for particular period of time.), and more permanent acquaintanggs) lasting for longer periodgder). The
standard error (SE) of each parameter (given iemheses) was estimated by jackknifing procedune.aFmore detailed description of the
models see (Whitehead 1995).

Al — All - 0.31 (0.09) 0.9 days (0.50 — 4.81) 0.69 (0.09.7 years (1.61 — 9.13)
Two levels of CA
g(d) - pca e—(d/rca)+ pperme‘(d/rperm)

Female — Female 0.81 (0.09) 0.10 (0.06)7.1 days (4.42 — 18.43) - -
CC+CA+RD
9(d) = pe + pee €

Male — Male 0.06 (0.01)  0.34 (0.21)2.8 days (1.99 — 4.65) . -
CC+CA+RD
9(d) = pe + pee €

Male — Female 0.002 (0.006) 0.24 (0.21) 2.9 days (1.12 — 4.85) . ;
CC+CA+RD

g(d) = pg + P, e )
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Table B. Models fit to standardized lagged assmmatate (SLAR) describing temporal associatiortggas among all radio-marked animals,
within yearlings/subadults, and between yearling#slult and adult wild boar in Biatowia Primeval Forest. The best fitting model was chose
by minimising quasi-Akaike Infromation Criterion lua (gAIC). Standardized association raj&), is given as a function of time lag, The
standard terror (SE) of each parameter (given nentheses) was estimated by jackknifing procedaoe.a more detailed description of the
models see Whitehead (1995).

Model of association a1 a a3 Duration of association
All - All
Casual acquaintances 0.00051 (0.00043)0.223 (0.015) - 5.35 years (2.92 — 31.93)

g(r) = a, e
Yearling/subadult — Adult
Constant companions +0.02479 (0.02783) 0.499 (0.040) 0.104 (0.083) 40.34 days (19.00 — 328.08)
Casual acquaintances
g(r)=a, +a, e
Yearlings/subadults
Casual acquaintances 0.00026 (0.00036)0.277 (0.01) - 10.74 years (4.43 — 25.21)

g(r)=a, el"ao)

!Duration of these relationships estimated by the@hindicate their long-term and stable charactemesponding to constant
companionships.
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Appendix 3. Spatial distribution and social organisation of teémetry-marked wild boar

Fig. A. Maps detailing spatial distribution of teletry-marked wild boar within the study
area in 2007-2011. The first map shows the studg &with black dots indicating telemetry
locations) located in the centre of the Polish pafrtBialowieza Primeval Forest. The

following maps present spatial organisation of tdlemetry-studied wild boar. Symbols and

identity numbers represent individuals (locationtted home range centroid). Colour of the

symbols refers to family group membership (the sanieur for one group, double-coloured

symbols refer to individuals re-trapped in anotheup, colourless symbols indicate solitary

animals). Polygons represent 90% Minimum Conveydm home-range estimates.
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Appendix 3 — concluded.
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Appendix 4. Long-distance movements of marked wilthoar

Fig. A. Long-distance movements of subadult andltadiid boar determined by radio-
tracking and feedback from hunters. Red lines mtgictraight-line distance from the capture
site to the location, where the individual was tastorded.
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