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Résumé

La structure sociale d’'une espece donne des int@nsimportantes sur les difféerents types
d’associations entre individus, ainsi que sur leixidu partenaire effectué par les femelles. La
structure sociale des ongulés est principalemdhteimcée par la ségrégation sexuelle. Celle-ci est
définie par la ségrégation due a I'habitat et asgeats sociaux. Plusieurs facteurs, comme la
différence de la taille entre individus, le systemeereproduction, les influences écologiques ediaus
la prédation, ont une influence sur la ségrégatexuelle. En dehors de la période des amours (le
rut) les bouquetins des AlpeSdpra ibex ibeX.innaeus 1758) s’agregent en formant des groupes
d’individus du méme age et du méme sexe. Ces gsoupeae retrouvent pas pendant le rut a cause
de la diminution de la ségrégation sociale. Ledzutette recherche est d’étudier la structure ocia
des bouquetins des Alpes (population du Parc Nati®@uisse) et les facteurs qui peuvent
l'influencer dans différentes périodes de I'annfie de gestation, naissance, pre-rut et rut). Une
attention particuliere a été portée sur la péridde amours. Pour interpréter I'association entre
différentes classes d’individus, la grégarité deule classe a été calculée, ce qui a permis
d’obtenir la préférence spécifique pour une ceeaitasse. Des données récoltées entre 1997 et
2010 ont été utilisées pour analyser I'associatiome différentes classes. L'activité des groupes a
été analysée avec les données enregistrées danslie2009-2010. Avec ces analyses, qui sont les
premieres effectuées pendant une longue période euni concerne les bouquetins des Alpes, des
résultats surprenants ont été trouvés. En obselesulifférents types de groupes, on remarque que
le rut est la période ou les groupes mixtes (avge é@ sexe différentes) augment de facon
considérable. Par rapport a toutes les autresfehaslles représentent la classe la plus grégaire.
Cette classe a une égale préférence sociale pagueltiasse de males pendant le rut. Ces résultats
nous montrent que les femelles sont les unitévexctilans la formation des groupes et qu'elles

effectuent aussi un choix du partenaire.
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Abstract

Social structure provides important information atbpreferred or avoided companionships, thus
concerning female partner selection. In polygynongulates the social structure is influenced by
sexual segregation. Sexual segregation, defindthbitat and social segregation, depends on body
size dimorphism, mating system, ecological inflleshand predation pressures. Alpine ib8agra
ibexibex L. 1758) forms similar age/sex groups outsidentiading periods (rut). This pattern is not
rescindable during the rut due to the decreasemélssegregation. Here | investigated Alpine ibex
social structure during different annual periodstie Swiss National Park population, with
particular attention to the rut. To interpret thettprn of association, | separated association leve
into two components: the general gregariousness thedpreference for particular classes of
associates. | examined patterns of association grage and sex classes using data of 14 years of
census (1997-2010) and group time budget usingréataded during the rutting season in 2009-
2010. This was the first long-term study about esdmn patterns concerning Alpine ibex and |
found surprising results. Females were more gregarthan other classes and had equal social
preferences for each class of males during theThse results could be evidence that females
were the active units in group formation and madeenchoice, supported also by the time budget

analysis.

Key words: Alpine ibex,Capra ibex social structure, social segregation, specifaadgreference,

groups behaviour, mate choice.
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Introduction

In gregarious species individuals interact witheo individuals at any instant in a group
(Whithehead 2008). Animals form a group if they ddenefits from aggregation but also when
they are attracted by the same stimulus (RuckstntilNeuhaus 2005). Groups change in size and
composition during different periods creating diffiet patterns of association level. This affects
activity budget of individuals (Conradt 1998; Ruithd and Neuhaus 2001) and the behavioural
organization of the society’'s members, the sodiaicture (Lehner 1996; Pepper et al. 1999). In
polygynous ungulates, sexually dimorphic animdis, $ocial structure is principally influenced by
the sexual segregation, composed by the habitdt-saaial- segregation (Bon and Campan 1996;
Main et al. 1996; Ruckstuhl and Neuhaus 2005). Alisrage (Bon and Campan 1996), sex, body-
size and degree of synchronization (Ruckstuhl aeadhdus 2001) as well as anti-predator defence
strategies (Main et al. 1996), food competition g@ds 1986) and ecological influences
(Underwood 1981) may affect sexual segregationiab@egregation depends on differences in
behaviour and social motivation. Habitat segregatepends on the use of physical environment
(Ruckstuhl and Neuhaus 2005). Ruckstuhl and KokKa02) suggested that social segregation
leads to habitats segregation, because of thig haee to be treated as independent factors.

The social structure of Alpine ibexCépra ibex ibex a highly dimorphic mountain
ungulate, is characterized by the presence of ainaifje/sex groups outside the mating season
(Villaret and Bon 1998) and by parting of theseup® during the rut (Niervergelt 1967). Alpine
ibex has a strong social segregation (Bon et &12Villaret and Bon 1995) and great differences
in home range for the two genders outside the@uigfolio et al. 2004; Parrini et al. 2003). The
preferred or avoided companionships in ibex dutiveyrut are still not clear, reflecting the lack of
precise understanding of the mating choice of tlaesenals. Mating opportunities in mal€apra
ibex are supposed to be strongly age-dependent (WilaschNeuhaus 2009) and affected also by
body mass and horn length (Bergeron et al. 2010).

Social segregation describes the division inedéht social groups due to the facilitation of
social learning, inter-class aggression and/orvigtisynchronisation (Ruckstuhl and Neuhaus
2005). It is influenced largely by sexual body s@imorphism, that creates the necessity of each
gender to select different grazing sites (Conradtl.e1999; Jarman 1974; Ruckstuhl and Neuhaus
2005). Additionally it is affected by males age (Bet al. 2001; Festa-Bianchet 1991; Villaret and
Bon 1998), climatic weather (Conradt et al. 2000)l alecreases drastically during the mating
season due to the promiscuous mating system (Baln 2001).

The investigation of association patterns (sexkdfi et al. 1981; Gowans et al. 2001;

Holekamp et al. 1997; Pepper et al. 1999) allowsiriderstand the social structure. Association

4
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patterns have still been described with the comamssociation indices (see Cairns and Schwager
1987) in ibex outside the mating season (Villared 8on 1995) and other polygynous ungulates
(bighorn sheepQvis canadensit. 1758: Festa-Bianchet 1991; moufl@yis orientalis musimon

L. 1758: Le Pendu et al. 1995; American bisBrson bisorL. 1758: Lott and Minta 1983). These
indeces do not discriminate the tendency to agt¢gegath conspecifics in general (general
gregariousness) by the tendency to seek certasnpal association over other (pairwise affinity)
(Pepper et al. 1999). The subdivision of associatwel separate into these two aspects permits to
distinguish the real social preferences of eachsc{®epper et al. 1999) and is thus important to
understand social structure.

The aim of this study was investigated the sodraicture and the group time budget in the
Swiss National Park population of ibex, with pastar attention to the rut. This population was
reintroduced in 1920 after extinction in theé™@ntury (Saether et al. 2002). | quantified whethe
females and classes of males showed a strongesr@net to one particular age-sex class during
different annual periods. Data from 14 years (19070) of census were used to estimate seasonal
patterns of association among natural groups arstuily changes in social preferences between
and within classes. Data used to investigate tiondgbt were taken during the rutting season in
2009-2010. In concordance with previous studiess iexpected that ibex females were more
attracted by larger males with conspicuous hormenguthe rut. In addition it is supposed that
largest concentration of mixed groups were foundnguthe rut and that each class could change
the social preferences during the year, espedialiglation to the mating system. In this work)l (i
analyse the group size and the structure of theaulpbpn, (ii) calculate general gregariousness
index to measure the tendency to intra- and inggregation, (iii) calculate pairwise affinity index
to measure the specific social preferences and irivg@stigate the time budget in groups and

individuals during the rut.

Methods

Study area

The study was conducted in Val Trupchun (altitutinaamge between 1840 and 2220 m above the
sea level, 2060 ha), in the south-eastern patieoBiviss National Park (SNP). In SNP the tree line
is at 2200 m and the forest is dominated by SwimsepinePinus cembrand larchLarix decidua.
Above the tree line the alpine grasslands and b@oke dominates (Saether et al. 2002). Annual
precipitation in Val Trupchun amounts to 700 up @2Gdm. Both sides of the valley are
characterised by avalanche runs and couloirs shapeatck falls, offering additional feeding places
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for ungulates outside of high-forest areas (Abdedraand Campell 2006). For further details of
the valley refer to Abderhalden and Campell (2006).

Animal observation
The studied population consists of 200 to 400 ilvex) variations due to seasonal movements or
natural death (e.g. avalanche in winter) (Saethel.e2002). The census of animal groups was
made in different points of the valley during treere day between 1997 and 2010 (Haller 2006).
All ibex groups present in the valley during the @ census were registered counting the members
and sexing and aging the individual. A group wafineel as an assemblage of animals within 50-
meters of their nearest neighbour (Toigo et al.6)@hd in visual contact. The sex was determined
by horn morphology and the age by the conspicuoumlaof the horns (Ratti and Habermehl
1977). Both females and kids were assigned to s alathout age or sex discrimination: F and K
(Table 1). On the contrary males were assignedfterent age classes: M1-3, M4-6, M7-10 and
M11+ (Table 1) (Haller 2006). Each year countedeast 4 censuses (January, May, August and
November) of the population separated in the gsmgn (Haller 2006).

Behaviour was monitored in 65 groups of Alpinexkduring the rutting periods in 2009-
2010. Observations were performed using scan sagqphltmann 1974). The behaviour of each
individual present in group was sampled every 3 fom1l h 30 min long sessions. Recorded
behaviours (according to Schiitte-Krug and Filli @0WVillisch and Neuhaus 2009) were low cost
(resting, resting ruminating, standing, grazingghhcost (moving), courtship (low-stretch, tongue-
flick, sniff, lick, touch, masturbation, mount, adption) and agonistic (evasion, flight,
displacement, horn contact, horn clash, displacémeie). For a brief description of different
behaviours see Appendix Il. Time budget for eachab®mur was determined by the recorded

numbers of scans of each behaviour divided bydta tecorded number of all the scans.

Seasonal designations

Changes in group size and sociality were examingdirwfour annual periods. Annuals periods
were determined according to Nievergelt (1974) vdtime corrections. Late gestation Sif
March to 28" of June); birth -kids born- (2of June to 39 of August) (according to Ruckstuhl
and Neuhaus 2001; Villaret and Bon 1998); pre it ¢f November to 14 of December)
(according to Parrini et al. 2003; Willisch and Kaus 2009); and rut (I'5of December to 1%of
January) (according to Willisch and Neuhaus 2009).



192 Group size and population structure

193 Ibex social groups were defined according to agegcaies (Table 2). Group size was calculated by
194 arithmetic mean from field observation and by thgpical Group Size’ (TGS) calculated using all
195 observation of all groups divided into the four mahperiods. TGS (Appendix |, expression 1) was
196 an animal-centered measure defined as the sune @loiliares of the number in each group, divided
197 Dby the total number of animals sampled (Jarman 1911 TGS emphasised the extent to which
198 members of the population tend to associate, winak not revealed by the arithmetic mean.
199 Differences in arithmetic mean and TGS betweenvaithiin the seasonal designations were tested
200 usingy’test.

201

202 General gregariousness

203 To measure the tendency to associate between athinwilasses, an inter- and intra-class
204 gregariousness index was used (Pepper et al. 198@erwood 1981). Inter-class indeg,f)

205 indicated the mean proportion of associates witpadicular class and it was calculated by
206 summing the number of associates of each class efpp |, expression 2). Intra-class
207 gregariousness indeC{;) indicated the mean number of companions of theesaass (Appendix
208 |, expression 3). Summing the total of &l, and C,, values was obtainable the general
209 gregariousness index. This index measured the neyde aggregate in general of each class and
210 showed if some classes appeared in larger grounpaitier.

211 A permutation test (Manly 1997) was performedeafy if the indices were affected by the
212 annual periods. The inter-class index was asymmdiecause members of claasmay be
213 accompanied by more members of clagban vice versa. Hence the classes were dividédon
214 groups: seeker and attractor. Seeker correspondethe classes that searched a possible
215 companions and attractor corresponded to clasaesthepted the seeker. Thus each class had two
216 Cy with each other class, because it was calculateld &ttractor and seekef, as seeker was
217 used to calculate the general gregariousness iofleach class, because this was more indicative
218 about the sociality of a class. Besides to andlysalifferences of the general gregariousness index
219 of each class between the annual periods a Wilceigned-ranks test was performed.

220

221  Specific Social Preferences, Pairwise Affinity Index (PAI)

222 The specific social preferences among classes me@sured using the pairwise affinity index
223 (PAl) (Pepper et al. 1999). This index indicate@ fevel of association for two classes after
224 accounting for the general gregariousness. Imppriadhl measured any tendency to associate that

225 was not accounted in general gregariousness. Ghaanthe level of association between classes
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was affected by their sociability, this index dedithe class association index for two classes by
the general gregariousness of each to removefé@stef(Appendix |, expression 4). Also the intra-
class PAI was calculated (Appendix |, expressiorOsle-way ANOVA was performed to test if the
annual periods and classes influenced the spesofi@l preferences. To test the change of PAI in

different annual periods, Fisher’'s F test wasditte

Time budget

A binomial test was conducted to examine differsnge ages of males that made courtship

behaviour in different groups. To examine differema time budget of groups and of each male as
a function of sex ratio (total males present inugvtotal females present in group), proportion of

old males (total old males present in group /totales present in group, old males were individuals
> 9 years old in accordance with Willisch and Newhé009)), group size and age (variable used
only for time budget of males), were employed mie#fiécts models using restricted maximum-

likelihood method with the three variables (for ¢éirbudget of males the four variables) as fixed

factors and group size as random factors (HaccduMeelis 1994). All percentages were arcsine

square-root transformed to approximate a normalrilbligion (Zar 1999). Residuals for the

restricted maximume-likelihood models were normadlistributed.

All statistical analyses were performed using th2.F0 statistical package (R Development Core
Team 2010).

Results

Groups size and composition were based on 18&ipgrof ibex observed during 14 years
and consisting in 49% F, 7% M1-3, 11% M4-6, 17% MJ-7% M11+ and 9% K (Table 1). For
abbreviation of social group type see Table 2. Fsugs were the majority of ibex groups seen
(34.6% of all groups sighted). Few M<7 groups webserved (4.9% of all groups sighted)
principally because these individuals were inseitedhe FM<7 groups (14.5% of all groups
sighted). A high number of ¥ groups (17.2% of all groups sighted) and a lownber of M
groups (9.5% of all groups sighted) were observidte percentage of different groups varied
during the different annual periods (Table 3). Majdferences were observed throughout the rut,
when a remarkable increase of the number of MX, FMrd FM7 groups (26.2%, 18% and 19%
of all groups respectively) and a strongly decreakd-K groups (18.9% compared to 50.8%
registered in birth) were recorded.
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Group size and population structure
The size of different group types varied betweeraagrage of 1.4 to 11.5 individuals. MX group
had the higher mean (11.5 individuals in late gestaand M>7 groups the lower (1.4 individuals
in rut). Arithmetic mean size of all groups obsehehanged little during the 4 annual periods
(range FK groups =3.8t03.1; M<7 =2.1to 1.&M™M=-2.7t0 1.4, M=6.81t0 3.2; FM<7 =8.2 to
5.2; FM>7 = 6.8 to 5.3; MX = 9 to 11.5) (Fig. 2). Here hnitetic mean size was not corrected by
the number of groups seen. The greatest variatigmaup size occurred among MX group$ £
8.82; p = 0.032;df = 3), in which group size was quite high during ttut (mean 10.48) and
decreased dramatically during birth (mean 0). Bsggeoups (32 to 42 individuals) corresponded to
MX groups sighted during the rut. Smallest groupstdq 2 individuals) were often FK groups
sighted during late gestation and alse™1 individual) sighted during all the year.

No differences were detected in TGS between 4i@nperiods > = 21.18;df = 18;p =
0.25; TGS max = 16.1 in rut and TGS min = 1.7 irth)i (Fig. 1) and in all the groups types
excluded MX. TGS of MX groups varied significantlithin the four periodsyf = 14.83;p =
0.001;df = 3). Major changes in group composition occudadng rut and were characterized by

an increase of TGS in MX groups and a decreasthar groups.

General gregariousness

The coefficient of general gregariousness was fogmtly affected by the annual periods
(permutation test-qps= 5.32,p = 0.036), by the seeker (permutation t€sts= 11.67,p = 0.001)
and by the attractor (permutation teSfps= 27.29,p = 0.001). The interaction between this two
actors was significant (permutation tdsgy,s= 5.82,p = 0.001), principally due to high presence of
kids with females (Fig. 3). During the year eachssl displayed a tendency to remain with
companions of the same age and sex. The only eanefat this pattern occurred during the rut,
when females were found in groups with companiohspposite sex, forming MX groups. In
particular the average female in this period hatiM4-6, 4.3 M7-10 and 3.9 M11+ companions,
while during the non-mating periods the averagealerhad 1.56 M4-6, 0.63 M7-10 and 0.5 M11+
companions. Female class was the only one thatgeldasignificantly the general gregariousness
between the different annual periods (Wilcoxon s@yrank test, rut-birthp = 0.031; rut-pre rutp

= 0.031) and was the most gregarious class (Wilsasigned rank tesp < 0.02 in all cases).
Interestingly, females in rut showed similar preferes for each class of males (23% companions
M1-3; 19% M4-6; 18% M7-10; 16% M11+; test of tworpentages did not detect significantly
differences) (Fig. 3 (a)). Surprisingly, males sks did not show any significant change in general

gregariousness between different periods.



294  Specific Social Preferences, Pairwise Affinity index (PAI)

295 The specific preferences for association with paldir classes and partners of each classes changed
296 during different annual periods (ANOVAE.ps = 5.91, p = 0.001; Fops = 2.23, p < 0.001
297 respectively). Rut was the period during which eelelss associated with others more than other
298 periods (Fisher's iy < 0.001 in all cases) (Fig. 4). Females displasteitingly equal preferences
299 to classes of males when in rut, showing an affimtth males equal at the affinity with other
300 females, pattern not detectable in other annuabger The strongest affinities among classes
301 involved M11+ and M7-10 in non-mating period.

302

303 Time budget

304 Courtship behaviour was present in 49 groups. Th&g%%6 of males that made courtship behaviour
305 were the oldest males in group (binomial test, 0.02). The mixed-effects model showed that low
306 cost, courtship and agonistic behaviours were td#tedy sex-ratio. Interestingly, high cost
307 behaviour increased according to group size (TdbleAnalyses concerning every single male
308 present in a group showed that the courtship ancctist behaviour increase (effect size = 0.03, SE
309 =0.01, d.f. = 251t-value = 5.9p < 0.001) and decrease (effect size = -0.02, SB% @.f. = 251,
310 t-value = -4.8,p < 0.001) with the age, respectively. In contrdsg increasing of old males
311 decreased the agonistic behaviour (effect size.¥, ®E = 0.04, d.f. = 25X;value = -2.7p =
312 0.019), but increased the high cost behaviour ¢efeze = 0.12, SE = 0.06, d.f. = 254value =
313 1.9,p=0.019). Interestingly, agonistic behaviour ofi@sancreased according to group size (effect
314 size = 0.01, SE = 0.003, d.f. = ltyalue = 2.5,p = 0.035), same patterns observed in group.
315 Besides in females agonistic behaviour increaséd thie increasing of sex ratio in groups (effect
316 size =0.119, SE =0.031, d.f. = 21value = 3.8p < 0.001).

317

318 Discussion

319

320 The must important results of this study aboetastructure and time budget in ibex were:

321 (1) a largest concentration of mixed groups duthmg mating season, (2) the prevalence of small
322 groups composed by females and kids outside thenstead of old males as suggested by Bon et
323 al. (2001), (3) females were the most gregariowsscland the only one changing general
324 gregariousness between different annual periodi$e(dales in rut had equal social preferences for
325 each class of males, (5) general gregariousnessaamal affinity varied during the different annual

326 periods, and (6) high cost behaviour in group iase&l according to group size.

10
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In many dimorphic ungulates, social segregatimoreg sexes is high outside the breeding
season, as reported f@apra ibexibex (Nievergelt 1974) and other species (chamBigpicapra
rupicapra L. 1758: Perez-Barbeira and Nores 1994; bighorregh®vis canadensisGeist and
Petocz 1977; reindeeRangifer tarandud.. 1758: Cameron and Whitten 1979; red d€&ervus
elaphusL. 1758: Conradt 1999; common elanthurotragus oryx oryXallas 1766: Underwood
1981). This study provided another detailed exarptais trend.

However, the present study was the first to mteva detailed investigation in social
preferences and in time budget of ibex groups adviduals during the rut. It is also the firstayu
dressed on polygynous ungulates that separatesgiogiation index into general gregariousness and
pairwise affinity index (Pepper et al. 1999). Poem studies (i.e. Le Pendu et al. 1995; Lott and
Minta 1983; Villaret and Bon 1998) investigated thecial preferences in ungulates using the
commonly association indices as explained by Canmts Schwager (1987). These indices used to
guantify association levels the combined effectgyeferal gregariousness and pairwise affinity
index, preventing to distinguish between them (Remt al. 1999). Thus they cannot discern the
real social preferences. This is because evereirmlbisence of any social preference, members of a
more gregarious class will associate with eachrotiare than with members of a more solitary
class.

During the annual periods the proportion of ddéfe social groups changed (Table 3), with
major changes occurring between the rut and ther gifriods. In particular the non reproductive
season was characterized by formation of a highbeuraf small FK, M<7 and M7 groups. From
previous knowledge on ungulate anti-predator sgrasethis could be a consequences of the lower
predation risk present in SNP (in region with ptemtarisk group size is high, see mountain goats,
Oreamnos americanude Blainville 1816: Risenhoover and Bailey 1985argph ibex,Capra
pyrenaical. 1758: Alados 1986). Outside the rut | observisd a high number of FM<7 and=M
groups, while few groups were composed by malediftdrent ages. This reflects the necessity of
individuals of a compatibilities of activity budggitctivity budget hypothesis detailed by Ruckstuhl
and Neuhaus (2005)) and a synchronisation dueetsithilar body size (Conradt 1998; Ruckstuhl
1998; Ruckstuhl 1999). On the contrary, the rut wharacterized by a strong increase of MX
groups, with a consequent change in the sex ratt decrease of synchronisation due to the
presence of different sexes and aged individualgraups (Ruckstuhl and Neuhaus 2001). This
increase of sex ratio affected the activity in greudecreasing the low cost behaviour and
increasing the courtship and agonistic behaviote ihcrease presence of mixed groups recorded
during the rut was accompanied also by an increa3&S. This was due to the social factors (see
explanation in the next paragraph) that acquirggeat importance in groups formation (Alados

11
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1986). Stability of arithmetic mean and TGS duttihg year (found also in Asiatic ibeapra ibex
sibirica L. 1758: Fox et al. 1992) were influenced by the Ihistory constraints (e.g. social
ontogeny), and by the lack of any type of selectiwessure (Lott and Minta 1983). Only one
selective pressure presents in Alpine ibex is tmnétion of strict dominance hierarchies in males
before the rut (Willisch and Neuhaus 2010).

General gregariousness analyses revealed thalderwere significantly more gregarious
than other classes and became very sociable diméngut. Surprisingly, females did not show any
preferences for a specific males class (Fig. 3. (apuggested that they weren’t interested by
specifics age of males. Outside the rut femaleseagged with other females rather than with other
classes and showed a high association level, dtleeythigher general gregariousness rather than
specific preferences. In contrast, during the Inet association was due principally at the specific
preferences. This could indicate that females weeeactive units in group formation and make
mate choice. Females were submitted at the copritstiaviour of older males present in the group,
but not necessarily these males were the choickernéles. In polygynous ungulates only few
studies showed that females actively select or edenfor the mating partners (topi antelopes,
Damaliscus lunatuBBurchell 1824: Bro-Jorgensen 2002; red deeervus elaphusBebie and
McElligott 2006). My results revealed that old nsilbex increased the high cost behaviour during
the rut, because wanted stay at centre of the grdughaviour indicating a partner selection by
females (Bro-Jorgensen 2002). Besides males irentesgonistic behaviour (only displacements) in
larger groups, maybe to defend their place in grdngreasing of agonistic behaviour in females,
due to the increase of sex ratio in group, coutnirsa reject of males that not interest at the fesal
(F.T. personal observation). Willisch and Neuha&@10) provide support for a stable dominance
relationship between males, therefore it is posstbbt females have an unavoidable choice in
males.

Pairwise affinity index (PAI) showed that malesvdloped specific preferences outside the
rut, in particular with individuals of the same age for yearling males, with females. M11+ had
stronger affinity with the same older males. Lowerciality of this class, retained by Bon et al.
(2001), was due exclusively to low gregarious. Tneups of M11+ were unusual to observe,
because they had difficulties to found same agdiitiuals (Bon et al. 2001). This could indicate
that social segregation not increase with the agesxplained by Bon et al. 2001) but was an effect
of the population density. Decrease of variatioPil during the rut was due also to decrease of
the habitat segregation during the mating systeon (&t al. 2001; Parrini et al. 2003). lbex used
larger home range in summer and autumn and smiallginter, because of snow cover (Parrini et

al. 2003). Moreover the big differences in moveradmgtween sexes increased habitat and social
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segregation outside the rut (Ruckstuhl and NeuB804), consequently the high variation in PAL.
Several authors suggested that affinities amongesnalere based exclusively on sharing home
range (Hall, 1986; Moss and Poole, 1983), but nmalyais showed that males, as well as females,
had companionship preferences. This explains thatenthan habitat segregation the sexual
segregation is due principally to social segregatio

Overall, my study revealed a previously undocueeraspect of Alpine ibex association
that concerns the preferential association betviemales and all males classes during the rut. The
largest concentration of mixed groups were, as @rpe found during the rut and only females
changed social preferences during the year. Inlgsions, these results could be evidence of
females being the active units in group formatisrleey act as attractors and selectors of males.

Future work should analyze the social interacidaring the rut between known individuals
that will increase the knowledge about social stmec of Alpine ibex and analyze females

aggression rates to better understand mating choice
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415 APPENDIX |

416 Typical group size (TGS)

417 ltis defined as:

418 N

419 =" (@D)
420 2

421 -

422 whereT is the typical group size) are the groups observed of specific social type»arns the
423 number of individuals see in groyup

424
425 General gregariousness (GG)
426 Inter-class index GG n
Ca = = n (2)
428 :
> Calh)
429 =1

430 whereC, () is the number of members of classn observed group. b is members of another
431 classes associated with class
432 Intra-class index GG

433 3G

434 Coo =71 3)
Ca (5)

435 Z

436

437 Pairwise Affinity Index (PAI)

438 Inter-class index (PAI)

439 D C.(G)Ch(G) x> si(s;—1)

440 PAI, ="~ = (4)

441 > CalG)(s5—1) %Y Co(h) (s —1)

442 pa p

443

444 s represents the size of groppnd(s — 1)the total number of associates for each membgraafp
445 |. The sum ofs (sj — 1) indicates the total number of associates summeassaill individual
446 present in the periods analyzed.

447

448 Intra-class index (PAN

449 > Cali) (Calf) = 1) * ) 5i(si—1)

450 .
451 PAlaa =7 n (5)
452 POADIOESIED SARIOES:

453
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454  Here theCy(j) present in inter-class index is replaced with — 1) because each member of class
455 hasC, (j) — 1associates members of class

456
457 APPENDIX I

458 Low cost behaviour(Schitte-Krug and Filli 2006)

459 -Grazing the animal is standing on its four legs, its hesadaining below the shoulder, or it
460 moves with lowered head, ingesting forage;

461 - Standingthe animal stands still in one place, with itadh@bove the shoulder;

462 —Resting ruminatinganimal resting on the ground, making clearlyhisimandibular movements
463 —Resting animal resting on the ground.

464 High cost behaviour(Schutte-Krug and Filli 2006)

465 —Moving any kind of movements in which the animal’s hesaldeld above the shoulder.
466  Courtship behaviour (Willisch and Neuhaus 2009)

467 - Low-stretch neck straightened and head in plane with the feymanted towards a female;
468 -Tongue-flick flicking with tongue towards a female;

469 - Sniff sniffing a female;

470 -Lick: licking a female;

471 -Touch touching a female with the snout;

472 —Masturbation touching penis with snout while standing nexatemale;

473 —Mount placing the sternum on the female’s back;

474 -Copulation subset of mounts in which the abdomen of the nmalie'mly pressed against the
475 vulva of the female, resulting in a intromissiortloé penis.

476  Agonistic behaviour (Willisch and Neuhaus 2009)

477 - Evasion walking away from an approaching male;

478 -Flight: running away in response to an approaching male;

479 - Displacementdriving another male away by slowly approaching i

480 —Horn contact locking horns with those of another male;

481 —Horn clash hitting the horns against those of another male;

482 - Displacement maldemale turn out a male that made courtship behaivi

483

484

485

486

487
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Tables

Table 1.
Class Abbreviation
Fermale F
Male 1-3 vears of age M1-3
Male 4-6 vears of age [4-6
Male 7-10 vears of age M7-10
Male 11 and more vears M11+
of age
Kid K

Tab 1. Abbreviation of different classes of ibex. Separation

made in function of sex and age.

Table 2

Social group type

Abbreviation

Group composition
criteria

Female/kid

Male < 7

Male = 7

Male

Female / Male < 7
Female / Male = 7

Mixed

fernales, kids

males < 7 years

rmales = 7 years

all males

males < 7 vears, fermales
males = 7 years, females

none of the abowve

Tab 2. Criteria used to assign individuals at different social group type.



648 Table 3

649 Social group type Pre rut Rut Late gestation Birth
222 in=563) in=507) in=>521) (n=193)
652 % % % %o
653
654 FE 36 19 43 51
655 Male < 7 6 3 5 6
656 Male = 7 19 15 18 18
657
658 Ivlale 14 3 G 13
659 Female / Male < 7 12 14 18 10
660 Female / Male = 7 4 18 4 2
661 .
662 Mixed 9 26 3 0
663 - . ,
664 Tab 3. Percentage of different social group type in
665 annual periods.
666
667
668
669 Table 4.
670
g;% Factor Effect size SE a.r t-value F-value
673 Low-cost behaviour  Sex ratio -0.162 0.073 45 -2.23 *
Proportion old males -0.064 0.085 45 -0.76 T
674
675 Group size -0.007 0.006 12 -1.22 MS
676 High-cost behaviour  Sex ratio 0.118 0.059 45 1.99 T
677 Proportion old males 0.087 0.071 45 1.22 NS
678 Group size 0.011 0.005 12 2.23 *
Courtship behaviour  Sex ratio 0.124 0.074 45 1.68 il
679
Proportion old males 0.085 0.087 45 0.98 NS
680 Group size ] ] 1z -0.21 NS
681 Agonistic behaviour  Sex ratio 0,104 0.045 45 2,31 il
682 Proportion old males -0.042 0.053 45 -0.79 M5
P
683 Group size 0.004 0003 12 1,33 NS
684
685 Tab 4. Effects of sex ratio, proportion of old males and group size on
686 time spent in 4 types of behaviour in groups. Restricted maximum-
687 likelihood mixed-effects model: Behaviour, Sex ratio + Proportion old
688 males + Group size+ Group size. Intercepts and random effects
689 Group size are not shown.
690
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Legend

Figure 1. Arithmetic mean groups size (x SE) of data recorded in the field and typical
groups size (TGS) of Alpine ibex in the Swiss National Park. Data used were recorded
from 1997 to 2010 and separated into four annual periods (pre rut, rut, late gestation
and birth). Typical group size (Jarman 1974) is the group size as experienced by a

typical individual ibex. Sample size of groups is reported under the legend.

Figure 2. Arithmetic mean groups size (+ SE) of different social groups types (as
reported in Table 3) of Alpine ibex direct observed in the field from 1997 to 2010
separated into four annual periods (pre rut, rut, late gestation and birth) in the Swiss

National Park. Sample size is reported above the bars.

Figure 3. Companions found with specific ibex sex/age classes throughout the year.
a) represents the experience of females, b) that of males 1-3 years, ¢) males 4-6
years, d) males 7-10 years, e) males 11+ years, f) kids. Shading shows the
proportion of that age/sex classes’ companions which were, e.g. females, in a given

periods.
Figure 4. Variation in the pairwise affinity index (PAI) observed for each class in pre

rut, rut, late gestation and birth. Each column represents the mean PAI of one class.

Letter show the equal and different variance.
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