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La bataille di vatse a Vertozan

Un ba dzor de jeuillet, lo dzor de la Revenna,
De Veulla dze m'en parto a I'arba di matin,
In porten apré me: salan, pan blan, fontenna,
E tsecca de ci cllier que se feit din la tenna,
Pe me bletti lo pot lon de mon tsemin.

A Saint-Pierre dzi prei lo tsemin que meinave
Su di couté de Vertozan.

Dza pe Saint-Nicola lo mondo s'apprestave
Come cen se feit tseut le-s-an.
l.€, qui d'un couté crie et qui de I'atro braille
Hoé! hoé, parten-na, le-s-ami?

Di vatse se vat fére euna groussa bataille;
Maque degadzen-no, l'est I'aoura de parti.

Bientou se sent lo fla di violette neissente,
Qu'imboumon l'air fréque de Vertozan:
Bientou dze sento dza que le béque pouegnente
Repondon a bé-tor, i sublo di s-arpian.
Pe le pra, tseut in fleur, qu'un eigue pura arrouse
Desot I'erba catsa tsante lo greseillon
Di boueisson i sapin lo rossegnon se pouse,
Et regale i passen se pi belle tsanson.

De llioen se veit qu'i Breuil embouon leur vatseime,
Que bedzolavon dza, senten lo tsaat di dzor;
Dze traverso lo plan, yaou dzouére se promeine,

Et que partadze in baillen de détor.

In arreuven i Breuil dz'i vu, come euna féta;
Tot lo mondo achouedza di pia tanque a la téta.
Le femalle, ci dzor, I'ayan de dzen pitset,
Fran come voulon leur; cen restave se ret!

(...)

(Jean-Baptiste Cerlogne)



Cow fighting in Vertosan

A beautiful day in July, the Revenna day,
| left Aosta before first morning light,
bringing with me salame, white bread, fontina cleees
And a little bit of that juice that is made in tvne vat,
To wet my lips along my way.
In San Pierre I've taken the path
leading up to Vertozan.
In Saint-Nicolas people were already getting ready
As they're used to do every year.
There, someone was calling, someone shouting
Hoé! Hoé let’s go, friends!?
A big cow battle is brewing,
Come on, it's time to go.

We were already smelling the scent of newborn taple
which are perfuming Vertozan fresh air:
Soon | can hear that the sharp mountain peaks
All around are replying to herdsman whistles.
In the green pasture, sprinkled by pure water,
A cricket is singing hidden beneath the grass.
From the bush to the fit tree a robin flew,
Giving passers its best songs as a present.
From a distance we saw that in Breulil
the sated cows are sending back into the barn
running, feeling the heat of the day.
Through the tableland where the stream wandersratou
dividing it with its curves

Entering in Breuil | saw, as in a feast day,
Everybody well-dressed from their head to theit fee
Women that day were wearing nice laces

So stiff as they want!

(..)

(Italian translation by Elena Tessitore)
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General Abstract

Fighting ability is a well-known attitude in Valdasa cattle (i.e., Aosta Chestnut and Aosta
Black Pied cattle), due to the strong belligeretiat cows exhibit at pasture, when unfamiliar
animals met and new hierarchies for the accessdource have to be established. This
peculiar attitude revives during the traditionalifeaments of Batailles de Reines, annually
performed by cows in the Aosta Valley. Annual cotitfmn consists of 20 eliminatory
tournaments and a final challenge, where only W dutochthonous breeds are allowed to
take part in the battles. Using data coming frora thattles, fighting ability has been
investigated aiming to assess both the behaviam@lgenetic aspects. Four steps have been
followed, aiming to look at fighting ability undelifferent but complementary point of views
and to shed light on different concerns. At fidda from 4 tournaments undertaken in 2009
have been video recorded and analysed (i.e., habfi&®8 fights) in order to depict both the
dynamics of agonistic interaction among cows andtviaictors may affect the shape and the
outcome of a conflict. A suitable phenotypic sctmefighting ability (i.e., Placement score)
was developed in a second study using data fromedsyof battles (i.e., 2001-2006,
approximately 16,000 records belonging to aboud®&ws). This in order to build a genetic
model able to investigate the variance componehntiglating ability and to quantify genetic
parameters. Additionally (i.e., third study), theabyses included the incidence of conspecifics
in the genetic estimates of fighting ability, catesing the introduction of the opponent either
within the phenotype itself or directly in the modes indirect genetic effect (IGEs). As
alternative analysis, the contribution of conspesifhas been retained directly into the
phenotype, implementing the previous score int@m@etitive Placement Score, thus applied
into analogous genetic models. As further step,efifect of another force (i.e., inbreeding)
and its relationship with the genetic values fghting ability has been investigated in Aosta
Chestnut and Aosta Black Pied cattle. Populatiaia daming from the entire pedigree, as
well as all available information on 9 years oftlet (i.e., about 24,000 records of over 8,200
participants) permitted to assign individual inlueg coefficients to cows. Thus, the
incidence of inbreeding into genetic models forhfigg ability was studied, as well the
possible relation among genetic merits and inbreedResults obtained from this study

indicate that fighting battles among cows seenvotioi the typical dynamic of an escalated



contest, with a cumulative assessment of the twdetmlers. Moreover, age, weight, and,
most of all, prior experiences of the previouslbatplay a role in determining the outline and
the intensity of the conflict. In addition, the g&ic component of fighting ability results of
main importance in affecting the outcome of theoeimters. As well, weight, age, herd and
tournament revealed as significant factor in theestigation of phenotypic variance, and,
together with a direct additive and a permanentirenmnental, they have allowed the
estimates of “non zero” genetic parameters. Hahitalof fighting ability showed a level of
about 0.08 when evaluated using a classical qadéimgt model, whereas the introduction of
indirect genetic effects drove heritability estiesto levels of approximately 0.11. Moreover,
including indirect genetic components showed aebegieneral model fitting, whereas
classical quantitative models taking into accodnthe opponent within the score exhibited
the worst fitting. Reasoning on the different vada components that can be accounted into
the model (i.e., either direct or indirect and daeconspecifics, as well as related to the
permanent environment), models that included thpooent only as genetic effect have
provided better estimates. Including the kinshiglasses of inbreeding coefficient within the
genetic models, heritability estimates undergo sosneall variations under classical
guantitative models (i.e., +0.02) whereas modeth V&GEs did not experienced any shift due
to inbreeding. However, the genetic values for tiigl ability resulted—asreduced in
correspondence to increasing levels of inbreedasgshown by the negative slope of the
linear regression analysis performed on lineagdsbfing cows with increasing inbreeding
levels. As well as inbreeding shows a positive draaver years due to selection, it is
interesting to note that, despite the incidencenbfeeding depression and a lack in planned
selective programs, also fighting ability reveap@sitive increase in mean breeding values
(about 2-3% of gain/year). Thus, models includingdirect genetic effects are the most
appropriate tool in investigating social traitsdahe study of fighting ability in Valdostana
cattle may provide some interesting suggestionshieranalysis of social traits in the area of

animal breeding.



Riassunto generale

Le razze Valdostana Castana e Pezzata nera traaliziente si contraddistinguono per una
spiccata belligeranza che emerge al momento debfmgsquando gli animali provenienti da
mandrie diverse si incontrano e combattono pemaefnuove gerarchie sociali. Allo scopo
di riproporre tale comportamento ad un pubblico piasto, gli allevatori valdostani
organizzano da secoli una caratteristica competiziche prende il nome dBatailles de
reines e vede annualmente migliaia di esemplari contesidktitolo di “Regina dell’anno”.
Annualmente, la manifestazione consiste in 20 gi@mi eliminatorie ed in un torneo finale
a cui e consentito prendere parte soltanto allaénieoprovenienti dalla Valle d’Aosta. |
risultati dei combattimenti disputati nel corso lemni sono divenuti materia di ricerca nel
presente lavoro di tesi, allo scopo di studiaceiril aspetti, sia genetici che comportamentali,
dell'attitudine al combattimento nelle bovine vadthne. Il carattere in questione e stato
studiato seguendo 4 passaggi successivi, condottm=todologie diverse e volti a mettere in
luce aspetti differenti del comportamento combattiva prima analisi si € focalizzata sulla
dinamica delle interazioni agonistiche tra bovioenbattenti, preoccupandosi di capire quali
fattori possano incidere nel tipo di combattimenl® viene espresso e sul suo eventuale
esito. Allo scopo, sono stati considerati 168 catnibanti registrati mediante videocamera
nel corso di quattro tornei svoltisi nella stagio2@09. Il dataset per le analisi e stato
largamente ampliato nello studio successivo, alar@i dati raccolti nel corso di sei anni di
competizioni (dal 2001 al 2006, circa 16.000 recampgartenenti a 6.000 esemplari), e volto a
delineare un punteggio fenotipico (Placement Scbes) rappresentativo delle performance
dei partecipanti. Tale punteggio € stato quindiizztato come variabile dipendente in un
modello genetico volto a stimare le componenti drianza ed i parametri genetici per
I'attitudine al combattimento. Tale punteggio etstguindi inserito come fenotipo in un
modello genetico volto a stimare le componenti @ianza e i parametri genetici inerenti al
carattere studiato. Un’ulteriore analisi (terzogaagio), si € invece focalizzata sullo studio
degli effetti genetici indiretti (IGEs) dovuti alticidenza dei partner sociali nel fenotipo
dell'individuo. Quale criterio di indagine, si eguveduto a confrontare modelli genetici privi
dell’effetto dei conpecifici (i.e., membri dellaessa specie), con modelli comprendenti invece

I'avversario, alternativamente introdotto nel fépot(Competitive Placement Score) e nel
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modello genetico. Quale quarto e finale passaggstato condotto uno studio di popolazione
sul livello di inbreeding nelle due razze studiategrado di stimare coefficienti di parentela
individuali. Tali coefficienti sono stati quindi seriti nei modelli genetici (descritti in
precedenza) allo scopo di determinare l'incideneliinbreeding sulle stime dei parametri
genetici per la combattivita, nonché sul valoreegeo degli individui consanguinei. Per
qguest’analisi si & reso disponibile un dataset aoapio, comprendente un ammontare di
24,000 record relativi ad oltre 8,200 esemplarisuiltati ottenuti a seguito di tutte le analisi
condotte, dimostrano che i combattimenti tra boxdaguono le tipiche dinamiche della lotta
scalata, costituita da valutazioni successive deghersari con esibizioni ad intensita
crescente. Quali risultano fattori chiave nelloirtkdre I'esito dei conflitti e le dinamiche in
cui essi si svolgono sono emersi I'eta dei contatidé loro peso, e, soprattutto, le precedenti
esperienze di combattimento. Analogamente, ancbengponente genetica della combattivita
rivestire un ruolo significativo nell'influenzaréestito dei conflitti. Le analisi statistiche e
genetiche condotte su tale carattere hanno perntesgmnoscere come significativi fattori
quali il peso, l'eta, I'azienda e il torneo delksplare, come pure le componenti genetica
indiretta e ambientale. Le analisi condotte sui elloduantitativi classici hanno permesso di
stimare un’ereditabilita per l'attitudine al comtiaento dell’'8%, mentre le analisi effettuate
sui modelli con effetti genetici indiretti hannoportato valori di ereditabilitd dell’11%.
Confrontando le due tipologie di modelli, € emecsone linclusione degli effetti genetici
indiretti porti a valori migliori nelle stime. Travari modelli comprendenti le componenti
indirette considerati negli studi, quello il piufidabile risulta includere gli effetti indiretti
solo in termini di componente genetica additiva @an rambientale. L'introduzione del
coefficiente di parentela nei modelli genetici, sasi classici che comprendenti effetti
indiretti, comporta delle variazioni soltanto liewelle stime dell’ereditabilita, dell’ordine del
2% modelli classici, e addirittura non percettibiiegli altri. |1 valori genetici per la
combattivita sembrano comunque risentire negativéendell’effetto dell'inbreeding, come
suggerito dalla pendenza negativa della retta dressione lineare ricavata analizzando
genealogie di consanguinei con livelli di inbreedicrescenti. E infine interessante notare
come, nonostante la mancanza di un’opera selgttevaficata rivolta al miglioramento del
carattere, I'attitudine al combattimento risultihnmonque aumentare nel tempo, rivelando un
incremento nei valori genetici del 2-3% annuo. D@xa, e dalle precedenti considerazioni

effettuate per le precedenti analisi, € possibilectudere che lattitudine al combattimento
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nella razza Valdostana puo offrire al miglioramemgenetico degli spunti di riflessione
interessanti per I'analisi dei comportamenti easatteri sociali.
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Introduction

Living in social groups leads members to competeaficessing essential resources (Pusey
and Packer, 1997, West-Eberhard, 1979). In suckat®ns, how an individual behaves
mainly depends on the opponent it has to face (MayrSmiths, 1982). Measuring the
inheritance of expressed traits needs to accountttfe interactions with conspecifics
(Bleakley and Brodie Ill, 2009). Artificial seleota in livestock provides an excellent
framework for the operative investigation of somgortant dynamics of social living and
related genetic incidences (Wade et al., 2010).greeent work aims to review the different
approaches proposed in past decades for investigaticial behaviour, in order to analyse
recent issues on fighting ability in cattle thahstitute the chapters of this PhD thesis as well
as a good example of investigation of a sociat faiowing the suggestions of knowledge

arisen in the course of the time.
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PART 1 - FROM THEORY OF GAMES TO INDIRECT GENETIC E FFECTS: A
JOURNEY ACROSS SOCIAL BEHAVIOUR, ANIMAL CONFLICT, A ND THEIR
GENETIC CONCERNS.

1.1 - The golden age of social traits

The genetics of social traits is one of the hottegpics in genetics. The strong
interdependence existing among interacting conBpgedi.e., members of the same species)
may introduce an appreciable difficulty in genefitvestigations when realised that
environment, agent of selection, could be at tlneesame the genetic pool on which selection
acts (Moore et al., 1997; Bleakley and Brodie 2009). The powerful tools of quantitative
genetics (Boake et al., 2002; Kruuk, 2004) andrédoent issues of “interacting phenotypes”
and “indirect genetic effects” (Moore et al., 19%ijma et al., 2007a) have succeeded in
providing a reliable framework for understanding thenetic components of social traits
(Bleakley and Brodie IlI, 2009). In recent yearsjnaal breeding practices have found out
appreciable benefits when social components hage hecounted (Bijma et al., 2007b; Van
Vleck et al., 2007; Chen et al., 2008). The firehetic evaluations on social behaviours as
predator avoidance (Bleakley and Brodie Ill, 2088) sexual behaviour (Moore et al., 2001)
have been nowadays carried out also in natural itonsl. A noticeable experiment on
aggressive behaviour was undertaken with Califode@iar mouseReromyscus maniculatus;
Wilson et al., 2009). In order to estimate genebmponents of some behavioural patterns
occurring in the course of a conflict, a seriesagfression tests within a neutral arena has
been performed among pairs of conspecifics. As comfixed effects able to explain part of
phenotypic variance, the sex of the opponentsy thieler of arrival in the arena and the
number of test repetitions were included in the eldBoth the dynamics of agonistic
interactions among conspecifics (invoking a seoielsehaviours with diverse intensities) and
such mentioned factors affecting the phenotypese lsdirred up principles and concerns
belonging to the animal conflict models developegrodecades within the framework of
game theory. As time went by, two main approacles lbeen developed around selection
processes working on multivariate sets of traitptineality theory models (Parker and
Maynard Smith, 1990), that include game theory nwd®aynard Smith, 1982), and
quantitative genetics models (Arnold, 1994). Peri as opposing for long time

(Charlesworth, 1990; Roff, 1994), in the last dexsathe two approaches have been reviewed
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and compared finding out similarities and a possiynthesis (Moore and Boake, 1994;
Pigliucci and Schlichting, 1997). The fresh effarising from quantitative genetics of social
traits may highlight how much more complete and @dw a holistic approach accounting

for inputs coming from such different backgrounda be.

1.2 - How to solve a conflict: what optimality apgach and game theory can teach us

Built up from suggestions of Darwin (1859) and Tendeen (1963), optimality approaches
primarily aim to answer “why animals behave the wiagy do” (Moore and Boake, 1994).
Therefore, they firstly ask what sets of individeainditions and behavioural strategies are
favoured by selection and are able to maximizdithess (Moore and Boake, 1994). Thus, a
range of alternative strategies are assessed atadl tiaking into account accurate biometric
measures and biological constraints (see ParkeSamth, 1990 for a review). Hence a model
is built, in order to describe the phenomenon ante able to explain how different factors
invoked will drive the response to selection. A dgoexample of optimality model is
illustrated in Elner and Hughes (1978): the shawb gCarcinus maengschooses eating
mussels of average size and not the biggest orslalale. As a matter of fact, as the size of
prey increases, opening the thicker shell becomae rand more difficult. Thus, the best
solution is to choose a prey that is adequately(iie., not too small), but also easy enough to
manipulate. Authors tracked a curve predictingehergetic gain of the crab in relation to the
size of the prey; experimental observations cordansuch predictions about size and
decision making of crabs, and hence the built motleptimal foraging.

Optimality models have been largely and succegsagplied to problems about foraging or
other decision making processes of individuals. k&arand Maynard Smith (1990)
distinguished a simple and a competitive optimaatin relation to whether or not the
behaviour of an individual depends on what othdividuals do. Game theory (Waldegrave,
1713), that Lewontin (1961) and most of all Mayn&nhith (1974) adapted to animals
studies, revealed as a valid approach for desgibotial situations as foraging in groups
(Giraldeau and Caraco, 2000), avoiding a predd&oown et al., 1999), or fighting for the
access to resources, either food (Schmitz and Bsddiee, 1992) or mates (Clutton-Brock and
Albon, 1979). The first application of game theamyanimal behaviour is provided by the
Hawk-Dove Game (Maynard Smith and Price 1973), arplg how conflicts can resolve

within a population which members always behaveeeias a hawk (i.e., they attack and fight
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Table 1. Theories of assessment processes in animal doarfict hypothesis for winner-loser
effects (after Jennings et al., 2005, Rutte e2806, Arnott and Elwood, 2009).

Theory

Explanation Reference

Models of conflict assessment

Pure Self Assessment or
“own RHP-dependent
persistence”

Both contenders assess information only on the own
fighting ability, and persist in the combat merigly Taylor and Elwood, 2003
relation to that.

War of Attrition Without

The winner is the contender that persist longerPRH Parker and Rubenstein.
asymmetries lead to a contest without any assessmd®81; Mesterton-Gibbons

Assessment of rival’ RHP etal., 1996
Energetic War of The main cost is the energy necessary to displace Payne and Pagel, 1996,
Attrition repeatedly 1997

Cumulative Assessment g;iséisof injuries are given by both opponent’s anth Payne 1998

Cumulative Assessment

Partial Mutual
Assessment

A contender may achieve both information on the
opponent and its own status in order to decide for Payne 1998
escalation or retreat

An animal is able to gather information about itseid

the opponent, even if the last is weaker Prenter et al., 2006

Mutual Assessment

Decision making about contest through the assegsmiiaynard Smith and
of opponent’ fighting ability in relation to theawn Parker, 1976

Sequential Assessment

Asymmetric War of
Attrition

Differences between opponents RHP are assessed Parker, 1974, Enquist and
through a repetition of actions and signals oféasing Leimar, 1983; Enquist et
intensity al., 1990

Animal plays as “owner” or “intruder” in a territiat Parker and Rubenstein
dispute, and the winner results individual pemsgsti  1981; Hammerstein and
longer Parker 1982

“Mixed Assessment”

Oppoqents can assess different tactics or vary thei Arnott and Elwood, 2009
behaviour over time

Different Assessment
Among Contestants

Switching Assessment

When rivals play distinct roles in the conflict(i.
owner/intruder) they can behave differently

Use of diverse assessment mechanisms in different
steps of the conflict

Briffa and Elwood 2004

Morrel et al., 2005

Opponent Only
Assessment

Only the fighting ability of the opponent is evaieia

without perception of its own strenght Rillich etal., 2007

Hypotheses of winner-loser effects

Self-Assessment
hypothesis

Social-cue hypothesis

Strategic Use of the Pas
Outcome

t

Use of prior experience in order to estimate owghtfing ability
Whitehouse, 1997

_Rlvals use cues arisen from prior fighting experen Rutte et al., 2006
in order to assess asymmetries

Win may provide access to resource, while defegt ma

imply a depletion of energy reserves. These factors Parker, 1974
may increase the chance of winning or losing again

Constraints of RegulativeWinner-loser effects are a by-product either of
Processes or Changes irhormonal processes regulating agonistic behaviour d&rutte et al., 2006

RHP

of increments in strength or body reserves

RHP=Resource holding potential (Parker, 1974)
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every time they meet a rival) or as a dove (tleey always displace without attacking and
then eventually retreat). With the assignment et scores for winning and losing to each
behavioural strategy, it is possible to predicthimita population the amount of individuals
behaving as doves or as hawks when a conditionoofpetitive equilibrium is reached
(evolutionary stable strategy or ESS; Maynard Srait Price, 1973). This simple model of
animal conflict is extremely powerful, simplicistnd effective, yet never realized in nature.
However, several other models have been proposedtloe years from this model, aiming to
describe in the best possible way the dynamicsnoha conflicts (see Arnott and Elwood
2009 for a review). A summary of the main theord®ut animal conflict is provided in
Table 1. As a main point, real conflicts often ikgoa sequence of non-physical actions
behaved by the two contenders in order to assesgraoeal fighting ability (or resource
holding power, RHP; Parker 1974) and thus to degifling in a physical struggle or not.
Such ritualized behaviours and honest signalling asle to transmit reliable information
about contenders strength (Zahavi 1975), permittiog perceive eventual reciprocal
asymmetries (Parker and Rubenstein 1981). Sevpegies (i.e., red ded&Zervus elaphus
Clutton-Brock and Albon 1979; house fin€larpodacus mexicanyndonart et al. 2007) fight
in such a way, described by Taylor and Elwood (2088 “sequential assessment game”
(SAG). The matter of animal conflict has been inva over years through both alternative
models explaining the assessment of the individadl opponent RHP, and the new wave of
inputs provided by the winner and loser effectsuldad Wolf, 1999). Factors such as recent
or remote past experience, age, changing in plogicdl conditions, variations in social
status -all unrelated with RHP- affect the outcoofiea fight (see Hsu et al., 2006 for an
exhaustive review). Both in terms of RHP assesssnentwinner-loser effects, such factors
underline an adaptive value of behaviour, milestohall optimality models and of related
game theory approaches. The best fitted stratbgy,niodels are able to predict, is the result
of selective forces, trade offs among traits, aiudolgical constraints (Gould and Lewontin,
1979; Parker and Maynard Smith, 1990; Roff, 1994).

Critiques about optimality models concerned thetterapt to invoke evolutionary
mechanisms as cause of the observed behavioutatnmtvithout any investigation on such
mechanisms (Roff 1994). Moreover, they are ablgregict the equilibrium of maximum
fitness for a population, but natural populatiors @ften far from this ultimate condition. The
defence of optimality approach performed by Mooned 8oake (1994) explains that many

behaviours have a direct effect on fithess, andfithess consequences of a behaviour (so
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important in optimality concerns) are due to eviolut and not only mere adaptations.
Moreover, under optimality models the genetic v@ies are assumed, and selection, driving
a trait to one —or more- optima, works on suchatam. Finally, the identification of possible
factors affecting the phenotype is of primary intpace both in optimality and in quantitative
genetic estimations (Moore and Boake 1994). Thesetic models may thus arise from

assumptions built up under optimality concerns.

1.3 - What does it mean to carry out a genetic istigation of behaviour

Genetic models assume that selection works withimgeaeration on polygenic (i.e.,
quantitative) traits that could present either aticmous range of phenotypes or discrete
phenotypes expressed through thresholds. Additigrsignificant environmental influences
may occur in increasing the number of potentialngitygpes expressed. Under the classical
quantitative genetic model (Fisher, 1918), a phgm®t(z) mainly arises from the sum of
environmental influences (e) and an additive genetimponent (a) that will be transmitted
between generations, as: z = a + e. The propodigohenotypic variance due to additive
effect of genes is known as heritability of a tréif). This parameter quantifies the
resemblance between parents and offspring, and ddsermines the rate of response to
selection (Falconer, 1989; Maynard Smith, 1989).

Behaviour traits are arguably the most complex phgres to study, due to both a great
number of genes involved with multiple interactioasd to a significant environmental
plasticity (Plomin, 1990). Moreover, non genetictéas (Plomin, 1990) and non additive
genetic components (Meffert et al., 2002) are ablsignificantly influence such traits. As a
consequence, behaviour shows a low level of hdittablf compared with other types of
traits, behaviour shows a heritability lower thaeritability of morphological, and
physiological traits (i.e., muscularity or milk mhaction, respectively). Nevertheless, life-
history traits, as survival or the age at firstifyareveal heritabilities similar to behavioural
ones. A recent meta-analysis of heritability vaJuestimated within all morphological,
physiological, life-history and behavioural tra{tirling et al., 2002), found out an average
level of 0.31 for behavioural traits, with a startlarror of 0.013. To investigate the genetics
of animal behaviour through a quantitative approdcith assortative breeding in laboratory
and studies either within families (i.e., on haltfsgfull sibs offspring) or within inbred strains
(Boake et al., 2002) have been carried out in diffetaxa. Stirling et al. (2002) reported a
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broad list of species in which the genetic comptsm@h some behavioural traits have been
assessed. In addition, an overview of different abvedural heritabilities estimated via
quantitative genetic models has been provided Imgele et al. (2008) for livestock. The
greatest example of selection at work, domestinati@s changed behaviour even before the
traditional genetic improvement for morphologicglroductive traits (Plomin, 1990).
Sometimes intentional matings have been performed,other cases selection for
morphological or productive traits has given unpoe responses in correlated behaviours
(i.e., Plusquellec and Boissou, 2001). Animal medidveloped for livestock breeding have
been recently applied to natural populations (Kretkal., 2004), and covariance between
relatives (Hill, 1971), maximum-likelihood estimais (Patterson and Thompson, 1971) and
Bayesian inference (Sorensen and Gianola, 2002 hagn recognized as milestones for all
quantitative evaluations of genetic parameters ijpsopn et al., 2005). A strict multivariate
relationship between fithess and phenotype has tleenrecognized and detected (Phillips
and Arnold 1989), whereas the magnitude of genegyperonment interaction (GxE; Via
and Lande 1985) has been analysed to describe hemofypes may evolve under the action
of selective forces. Quantitative genetics is als@lid tool in investigating social behaviours,
such as fighting ability (Silva et al., 2006), dowmunce rank (Nol et al., 1996) and courtship
(Boake and Konisberg 1998). On the other hand, soadiional breeding schemes applied
to animals reared in pens or cages resulted asonefficient or even inadequate for selective
purposes (Muir, 2005). This lead to the developnuéraliternative approaches as the models

including indirect genetic effects (Bijma et alQ@b).

1.4 — The social gene: social interactions and iretit genetic effects

While a genetic estimation of behaviour is diffic@Plomin, 1990), investigation of social
behaviour is even more difficult (Moore et al., I99Actually, social partners play two roles
at the same time: both as environment selectiragal trait (i.e., the target individual) and as
phenotype target of selection (i.e., conspecifiesiadividuals as well, thus interacting with
other social partners). In such perspective, socats have been recently appealed as
“interacting phenotypes” (Moore et al., 1997). Thlassical quantitative genetic theory
(z =a+ e, see previous section; Fisher, 1918)extended by Moore et al. (1997) separating
the social partners effects from the rest of emrtental components:

zi = g+ q +;a’j + Yje’; Here, the “indirect genetic effects” (IGEs) eepresent the genetic
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part of the phenotype of individual i due to thentcitoution of interacting conspecifics (i.e.,
social partners) j. The magnitude and the directibtihe interaction are expressediyny the
path coefficient estimating how much a trait of #oeal individual i may change after
interaction with a trait of the opponent j (Mooreat, 1997). An alternative but equivalent
(McGlothlin and Brodie 1ll, 2009) approach for mddey social behaviour via quantitative
genetics was originally developed by Griffing (196hd further revisited by Muir and
Schinckel (2002) and Bijma et al. (2007a). Theyehmodelled the phenotype (z) of a target
individual arises as the sum of both direct (D) aadial (C) components, z 5 & &5 + a¢c +
e'c. Thus, the genetic variance of the focal traitpatitioned into an additive part D
belonging to the focal individual itself, and ansasative part C coming from the
contribution of all interacting conspecifics. Sutlariance partitioning approach” permits
considering the influence of the social partnershbo terms of genetic and permanent
environmental effect (g). Moreover, it allows to investigate a social traithout defining a
specific opponent trait as interacting phenotypec@thlin and Brodie, 2009) but
considering conspecifics’ impact as an “heritabtgi®nment” (Moore et al., 2002). These
two approaches have been developed and appliedyesaes to a wide range of theoretical or
applied studies. Interacting phenotypes rise al@m fthe school of “maternal effect theories”
(Cheverud, 1984; Cheverud and Moore, 1994), aireexplain the incidence of maternal
environment at the early stages of life (Chevernd ®loore, 1994) or during parental care
(Hunt and Simmons, 2002). As first, male “indicativaits” of a good gene quality
(Andersson, 1994) are effective in explaining waatindirect genetic effect is (Wolf et al.,
1997). As time went by, various social behaviourd avolutionary mechanisms have been
developed following the principles of Moore’s maddgl Thus, the genetics of social
dominance has been assessed (Moore et al., 20@@)madels investigating the genetic
variation in “competition-dependent” traits aftercanflict over resource have been later
estimated (Wolf et al., 2008). Some important tepaf sexual selection have been also
detected, such as how male display can evolveiéRe#t al., 2005). Moreover, the sexual
conflict (Moore and Pizzari, 2005) and the “lek gdwx” (Miller and Moore, 2007) have been
explained under the light of interacting phenotyfmes whereas the coevolution of male and
female reproductive traits has been operativelglos&d in the experimental populations of
Drosophila pseudoobscurgSnook et al.,, 2010). Laboratory trials also ftaieéd the
estimation of the coefficient of interactiop; (Bleakley and Brodie Ill, 2009) and how it

changes under the action of sexual selection (Ghetioet al., 2010).
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The “variance partitioned approach” of Bijma et @007a) stemmed from the theories of
“group selection” (Wynne-Edwards, 1963) and “mekil selection” (Keller, 1999). These
two theories were widely argued across time by w@iatary biologists, but are an interesting
approach for animal breeding (Wade et al., 2010helas natural selective forces
necessarily act at individual level, assortativeeling for productive purposes may offer
fixed groups of animals (i.e., reared in cagesansp on which selective are carried out by
human intervention. Theoretical studies performiditee on simulated populations or on real
data of livestock extended the theory considerimg ¢ffect of group size (Hadfield and
Wilson, 2007; Bijma, 2010) or kinship (Ellen et,&007; Cheng et al., 2009). Moreover,
statistical tools (Arango et al., 2005; Muir, 20@%)d suggestions for optimum designs (Bijma
et al., 2010) have been provided to promote suct kf methods in management of social
species. As time went by, operative studies on baetistock and model species in laboratory
have been carried out applying either Moore e(197) approach or Bijma et al. (2007a)
issues. A plethora of traits, either interestingjtest productive purposes (i.e., average daily
gain or ADG) or arising for evolutionary animal laefour concerns (i.e., mating time within
reproduction) have been thus investigated and bwatinect and direct genetic components
have been successfully estimated (see Table 4 xampgles). After years of parallel
improvements almost without reciprocal feedbadks,dctual trend is to delineate similarities
and differences among optimality theory and quatiié genetics, in order to unify the two
approaches in a unigue, powerful synthesis (Mc@iahd Brodie 11l 2009).

1.5 —-When game theory meets indirect genetic eéffec

This long journey across optimality, quantitativengtics and indirect genetic effects
indicates the power that a multidisciplinary apgitoamay have in investigating the
behavioural dynamics, fithess consequences, gewnaliie of traits and selection processes.
The theory of games (Maynard Smith, 1982) and ¢Hewing theories about animal conflicts
that have been developed over years (Table 1)r oHéable scenarios on which a
contemporary action of direct and indirect compaseanay play a role in the evolution or
improvement of a trait. Assessments among opponentleir competition for resources
(Maynard Smith and Parker, 1976) reveal an incrénremtensity when opponents are of
similar strength. Reduced asymmetries lead to loage more intense conflicts both when

there is a mutual assessment of opponents fighabty (Sequential Assessment game,
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Parker 1974; see Table 1) or only a self evaluatioswn capabilities occur (Self Assessment
game, Taylor and Elwood, 2003; in Table 1). Thisgnametries in factors related to RHP
(Parker, 1974) of contenders, as body size or wegp@ee Table 2) may trigger a response
in terms of agonistic effort, and also can be usechake good predictions about the type of
conflict. What's more, traits such as body size nmélyience the level of aggressiveness both
in the terms of direct and indirect genetic effe@s the size of opponent may affect the
aggressiveness of focal individual. In additioncdb individual’'s size may influence
opponents’ behaviour. Thus, a genetic investigadiomggressiveness has to take into account
both the direct and the indirect genetic effecsiaé. Hence, size follows the dynamics of the
first type of interacting phenotypes (Moore et &B97), since it affects another trait of the
social partner but it is not influenced by otheemwal traits of such partners. Moreover,
assessment of asymmetries may follows the dynaofies escalated conflict (Parker, 1974)
where the decision about persisting in the fightaireating mainly depends on the honest
(i.e., reliable, true) signalling of the social fear (Zahavi, 1975; Enquist and Leimar 1983;
see also Table 1). Thus, submissive or agonisstupes of the rival may lead the response of
the focal individual, and vice versa: such beharabpatterns of submission or dominance are

traits that both influence another trait of the oecific and are influenced by such target trait

Table 2. Asymmetries and badges invoked in animal confMdified from Hsu et al.,

2006, Arnott and Elwood, 2009).

Asymmetries/Badges

RHP* Winner/Loser Effect
Acoustic signals Resource values
Body mass Physiological state
Body size Chemical cues
Genetic Value Recent experiences
Weaponry Past experiences
Badges of status Audience
Energy reserve Age
Sex Fighting tactic

'RHP=Resource holding potential (Parker, 1974)
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at the same time. That's the second type of Modral.e(1997) interacting phenotypes,
already documented in nature when the social dam@a cockroach has been investigated
(Moore et al., 2002). Here, the genetic componehpheromone displays of dominance have
been assessed as indirect genetic effect. What's,rpberomone levels used in contests are
also honest signals of the RHP of individuals. Fegli depicts the contemporary contribution
of game theories and IGEs models in drawing theadyos of animal conflicts. Meeting
point and background for both issues are asymmsetriefighting ability existing among
contenders and the incidence of eventual winnerleffects (Hsu et al., 1999). All the traits
reported in pictures have been estimated in thdirect genetic components, as a comparison
with Table 3 reveals. For example, the study onf@aia deer mice reported by Wilson et al.

(2009), found out indirect genetic values for fivaits related to the aggressiveness that the

Figure 1. Traits involved in challenge assessments as infle@ by indirect genetic effects.

Table 2 and 3 reports traits that have been alraadlysed with IGEs.

Traits aof escalated fights in which indirect
genetic effect have been estimated:

Asymmetries in RHP
v Type of visual displacement
Opponents® Assessment (Self, ¥ Body size Multivariate selection on
mutual, cumulative or other) in \/Body mass traits including indirect
animal conflict (Hsu et al., 2006; v Badge of status (Pheromone genetic effects (Moore et al.,

Amott and Elwood, 2009)

. . 1997; Bijma et al., 2007a
signaling) ™ )

Winner/Loser effects

v'Fear
v Aggressiveness

RHP=Resource holding potential (Parker, 1974)
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Table 3.Overview of traits studied with the approachesdirect genetic effects.

Trait

Specie

Reference

Behaviour

Activity (various types)
Aggressiveness

Antipredator behaviour
Breeding time

Chemical display
Copulation duration
Courtship

Fear

Fighting ability
Maternal ability
Mating speed
Sexual display
Social dominance

Drosophila melanogaster

Pig(s scrofa

Deer mouseReromyscus maniculatus

sonorensis
Gupp¥yéecilia reticulatg

Red-billed gulLérus novaehollandiae

scopulinu$
Drosophila melanogaster
Drosophila pseudoobscura
HouseflyNMlusca domestida
Mink Mustela visoh
Cattle Bos bovi}
Pig $us scrofa
Drosophila pseudoobscura
Drosophila serrata
CockroacNguphoeta cinerga

Higgins et al., 2005
Lovendahl et al., 2005
Wilson et al., 2009

Bleakley and Brodie Ill, 2009
Teplitsky et al., 2010

Kent et al., 2008

Bacigalupe et al., 2008
Meffert et al., 2002

Berg et al., 2002

Sartori and Mantovani, 2010
Lovendahl et al., 2005
Bacigalupe et al., 2008
Chenoweth et al., 2010
Moore et al., 2002

Human Homo sapiens sapiens Hawley, 1999
Life-history
Survival Chicken Gallus gallus domesticiis Ellen et al., 2007
Bijma et al., 2007
Lamb Qvis arie$ Everett-Hincks et al., 2002
Morphology

ADG (average daily gain)

Biometric meas. (length, area)
Body length
Body size

Body weight

Hydrocarbons of wing

Female reproductive tract
morphology
Fattening traits

Cattl®¢s boviy
Pig Sus scrofa

(swine)

(boars)

Musddlilus galloprovincialiy
Atlantic codG@adus morhup
Drosophila melanogaster
Dung beetle@nthophagus taurys
Atlantic codGadus morhup
Chicks Gallus gallus domesticiis
Japanese quaiCpturnix japonica

Drosophila bunnanda
Drosophila serrata
Drosophila pseudoobscura

PigSus scrofa

Van Vleck et al., 2007
Cassady and Van Vleck, 2005
Arango et al., 2005

Chen et al., 2008

Chen et al., 2009

Brichette et al., 2001
Monsen et al., 2010

Wolf, 2003

Hunt and Simmons, 2002
Monsen et al., 2010

Van der Waaij et al., 2010
Muir, 2005

Muir and Schinckel, 2002
McGuigan and Blows, 2010
Petfield et al., 2005

Snook et al., 2010

Bergsma et al., 2008

Physiology

Egg production
Embrio viability

Sperm number and quality

Chickg3allus gallus domesticls
Australian field cricketTeleogryllus
oceanicuy

Drosophplseudoobscura

Muir, 1996

Garcia-Gonzalez and Simmons,
2007

Snook et al., 2010
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interacting competitors express. As literature amner loser effects explain (Hsu et al., 1999;
see also Table 1), the level of aggressiveness adngpetitor may influence the grade of
aggressiveness of the antagonist. That is consistéh the third and the last type of
interacting phenotype described by Moore et al97)9where a focal individual's trait
affecting the same trait of social partner (i.eygrassiveness) is also influenced by such
conspecific’s trait. As Moore et al. (1997) consewfly observed, social dynamics generally
involve a series of behavioural patterns and mdgghical cues that may be better explained
in terms of multivariate evolution. An interestiagd pioneer example of such approach is
provided by works on *“activity” (i.e., sum of diflent behaviours) inDrosophila
melanogaste(Higgins et al., 2005; see also Table 3).

The presence of interacting phenotypes may be fawridunder all the types of animal
conflicts (Arnott and Elwood, 2009; Table 1); foxaenple, sequential assessment game
approach invokes a continuous evaluation of sgadiner with the aim to decide what is the
best behaviour to perform in such situation. Eviethé assessment is based only on the
perception of own strength (i.e., self assessmdrg)final defeat of one contender necessarily
affects further actions of both competitors. Indirgenetic effects can also be used to study
how traits may change in response to a situationtehse social interactions (i.e., Bergsma et
al., 2008). In such perspective, studies on s@gaktic components in livestock have aimed
to detect how the intensity of competition may etffenportant morphological traits such as
body weight (e.g., Monsen et al., 2010; but see akble 3). Thus, body weight of rivals can
be under the effect of indirect components’ achod an asymmetry affecting the shape of a
conflict at the same time. The synergy of differesues is thus revealed, as the power of a
multidisciplinary approach in investigating the dymics of social life.

1.6 — Behaviour & population genetics: mutation,ifty inbreeding and what they concern

As well as the other types of traits, behaviout teaealised in one environment is the result
of a sum of different evolutionary forces contengsdy acting on traits. The genetic structure
of a population and the phenotypes that are expagsesthus a consequence of the
environment in which they are (i.e., Ridley, 2004hder optimal conditions, a population is
expected to exhibit alleles frequencies consistgtit the relative fitness of traits. But, the
optimal conditions in one environment may be na kbest in another (Wright, 1984) and

also, environment may change over time, after tafalsic events or simply cyclical changes
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in conditions (i.e.Geospiza fortisGibbs and Grant, 198 T;,epus americanysKrebs et al,
1995). As also important, organisms themselves gdaover time (i.e., growth), and
consequently, their internal environment changeseds Thus, a trait is the result of a sum of
simultaneous external and internal inputs that difeerent factors contemporarily acting
exert. Four forces are recognized as main factoffecting alleles frequencies (Hartl and
Clark, 2007); mutation (Kimura, 1979), migration aittki and Gilpin, 1997), selection
(Darwin, 1859) and genetic drift (Fisher, 1922).0lhof these factor are able to enhance the
genetic variance, either through the creation ef a#elic variants (i.e., mutation), or when
individuals (and genes) move from a population nother (i.e., migration or gene flow).
Thanks to these main mechanisms and some impathets (i.e., heterozygous advantage,
Kalmus, 1945; genetic capture hypothesis, Birkhaetdl., 2006) genetic variability is
maintained within populations. In opposition, natwselection (as well as sexual and artificial
selection) and genetic drift act reducing geneteiability. As implied in the previous
paragraphs, selection is the environmental predbatefavour some genes combinations due
to the fact that organisms are diversely adapteeintoronment. As well, conspecifics (see
previous paragraphs and Wolf et al., 1998) reptesea relevant selective force acting on
social traits. Another important evolutionary forggenetic drift is the random changing in
allele frequencies over time due to stochastic ggses (i.e., some alleles and not other are
transmitted over generations by chance). This gdlgehappens when the gene pool is
dramatically shrunk, almost after events as batttka (Wahl and Gerrish, 2001) or founder
effects (Templeton, 1980), respectively due torgjreeductions in population size or when a
small number of individual establish a new popolatiGenetic drift is of primary important
in small populations, that generally suffer in aklaf variability and may loose favourable
allelic combinations generation by generation bgnde. Reduction in population size may
also lead to another important phenomenon: theement of inbreeding within population.
Inbreeding is the process of non random mating gmelatives, thus traducing in increments
of heterozigosity (Jacquard, 1975). Keller and \faf{2002) well described inbreeding as: i)
the quantity of ancestry shared by the parentsnoinfred individual, ii) the degree of
relatedness among mates as respect to two matesrchom population by chance, and iii)
the mean inbreeding coefficient in subpopulationdes random mating, under population
subdivision.

The consequence of inbreeding is a reduction mes$is and in overall performances of traits

(i.e., inbreeding depression) due to the expostirdeteterious combinations of alleles at
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phenotype level (i.e., dominance hypothesis), dad due to a loss in fit when selective
pressures aware heterozygotes (overdominance hgshe). Inbreeding depression firstly
affects traits strictly related to fitness (DeResel Roff, 1999), as life-history features, such
as longevity or survival. Interesting examples mreeding depression have been observed
among livestock, as well as in laboratory and figddy., Keller, 1998; Slate et al., 2000).
Negative effects of inbreeding have been also foondin other framework, such as in
physiological traits (i.e., milk production in datt Miglior and Burnside, 1995; adaptation to
harsh conditions; Burrow et al., 1998) and morpbypldi.e., growth rate in livestock;
McParland et al., 2008). Furthermore, inbreeding tewvealed its effects also on behaviour,
moreover on traits related to fithess as male sbipt or female choice (Ala-Honkola et al.,
2009; Bohlund et al., 2010). Sexual selection maynlasty with inbred pretenders, that
exhibit in less-quality songs (Aspi, 2000) or visymarades (Mariette et al.,, 2006) not
appreciate by the possible partners. It is intergsb note that inbreeding depression is more
effective on social behaviours, probably due to itnenediate feedback among the less-
quality features of an inbred individual and th&usal of a sexual partner. After the lack of
mating during breeding season, individual fithests fto zero. Other social behaviours, such
as fighting ability and aggressiveness, have redetd suffer inbreeding, such as both field
and laboratory studies attested (e.g., Hoffman. e2@04; Valimaki et al., 2007). Conversely,
influence of inbreeding on traits not related taiabcontext, as individual temperament, has
revealed sometimes such as significant and sometiase not (McParland et al., 2007,
Dubcova et al, 2009, respectively).

Among wild species, the risk of inbreeding is awaidnainly by behavioural mechanisms
(Pusey and Wolf, 1996), as brood dispersal (resoummnpetition hypothesis; Greenwood,
1980). Hence, behaviour may be the target of negatibreeding effects (i.e., inbreeding
depression) or, at the same time, the resourcavimding inbreeding. For example, under the
resource competition hypothesis, after a fightdb&eated contenders have to leave territory
and disperse. Thus, they avoid to mate with cletgtives (e.g.Canis simiensisRandall et
al., 2007). Inbreeding may also affect the genesicie of behaviours (as well as the other
types of traits), changing the breeding values @sd the levels of heritability (i.e., when
variability decreases, such as when homozygosienisanced, heritability of a trait is
reduced). Thus, when a genetic or ethological etmn of a behaviour, especially a social

behaviour has to be carried out, the occurrenaveitual relevant evolutionary forces, such
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as selection, genetic drift or inbreeding depraegshas to be taken into account in reason to
infer suitable considerations.

Concerning livestock, inbreeding avoidance throagpropriate behaviours is not possible,
due to breeding practices that overwhelm sexuaicieh occurring in nature and annul the
possibility to perform any behavioural mechanisnisagoidance. However, farmers are
nowadays used in adopting some breeding stratégiegyel, 2001) taking into account for
the relatedness of individuals. Restricting the hamof select sires to animals with an
appreciable level of heterozigosity (Goddard anditigml990) , such as performing a
selection within sublines, and subsequent crossitiges (Smith and Quinton, 1993) are two
of a plethora of actual strategies of inbreedingi@ance in animal breeding. The problems
that have occurred in many years of strong seledtave recently highlighted the importance,
in breeding programs, to consider all the possigutionary forces, as selection as well as

genetic drift or mutation, that constantly act drepotypes.

1.7 — Selection at work: fat pigs, long-lived heasd fighting cattle

Genetic improvement of production in livestock pd®s an unique example of selective
forces acting within a short temporal window. Briegdschemes have been implemented over
years with new tools and concepts. Huge numbervailable records offers a powerful
resource for quantitative genetic studies. In regaars, problems in the management of
social species reared in groups of conspecificheas or pigs has promoted the development
of models accounting for indirect genetic effeegy(, Muir, 2005; Bergsma et al., 2008). For
example, the competition for feeding can lead seriojuries, with a consequent reduction in
productive performance, i.e., lowered average dgdyn (ADG) or even an increase in
mortality. Dynamics of aggression has been wellisai over time in both fowl (e.g., Estevez
et al.,, 2002) and pigs (e.g., McGlone, 1985). Genetaluations performed via classical
guantitative models (Fisher, 1918) have led totability estimates of 0.20 for aggressiveness
in pigs (Turner et al., 2006) and about 0.14-Orl8amestic fowls (see Jensen et al., 2008 for
an overview). In recent years, the estimation gragsiveness in pigs has been carried out
also using the variance partitioning approach gmBi et al. (2007b), resulting in total
heritability estimates ranging from 0.03 to 0.25 thee trait. Breeding schemes accounting for
IGEs have been developed over years for both pigs fawls in order to reduce the

aggressiveness within groups and to enhance theowament of productive traits such as
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ADG and other fattening traits in pigs (i.e., Bangset al., 2008, but see Table 3) and
survival in chicken (Muir, 2005). Concerning cattiedirect genetic effects for ADG have
been assessed in Hereford bulls (Van Vieck ek@Dy), but this is the only case in literature
up to now. Focussing on classical quantitative geseheritabilities of cattle behaviour have
been estimated for traits such as temperamentdMessand Goddard, 1995) or docility (Le
Neindre et al., 1995). Fighting ability, in termkaggressiveness and ferocity (Silva et al.,
2006) or social dominance (Mantovani et al., 208&rtori and Mantovani, 2010), has been
assessed in fighting breeds of bulls and cows (kanado bravo, Hérens and Aosta Chestnut-
Black Pied cattle). These breeds are involvedaditional cruel (Ganado bravo) or bloodless
(Hérens and Aosta Chestnut-Black Pied cattle) tmments that have centuries long tradition.
Fighting performances recorded during such competithave revealed a proficient tool for
investigating fighting ability and related behavisusuggesting also an intriguing scenario for

carrying out studies of genetics of social traits.
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PART 2 — SUBJECT OF THE STUDY

Aosta Chestnut and Aosta Black-Pied breeds aréwtbeustic cows of West-Alps involved
in the traditional fighting tournaments promotedfagmers of Aosta region (Mantovani et al.,
2007). Such exhibitions evoke the competitionssiacial dominance that naturally occurred
on pasture at the beginning of grazing season. @mnsdifferent herds that are joined at the
same pasture engage agonistic interactions in ¢odessess a hierarchical order for the right
over food resources. The spectacle of their figihbanced by a peculiar strong temperament,
has led farmers to organize yearly traditional cetitions well appreciated both by farmers
and tourists. Concerning the breed, the originheké cattle can be found out in the ancient
Bos brachycerqgscharacterized by a wide head and recognized aseestor of some breeds
in the alpine arc, such as the Heréns cattle otzewand (i.e., the Swiss fighting breed).
Aosta Chestnut probably derives from a populatibideréns cattle that was introduced in
Italy through mountain passes (Del Bo et al., 2G01) perhaps then crossed with local cattle.
Aosta Black Pied is probably derived from lllyrigeltic cattle of North Europe (FAO,
2011), but it may also be an indigenous breed. Botlkeds (Aosta Chestnut and Aosta Black-
Pied) are related to the other local breed of A@sta, Aosta Red Pied) and the Swiss breeds
Heréns and Evolene, constituting a monophyletizgr@.e., with common ancestor) of local
breeds (Del Bo et al., 2001). Aosta Chestnut anst®8lack Pied are managed in the same
herd book since 1985 (FAO, 2011). However, genetrovement aims to preserve different
and typical coat colorations of each variety. Papoh data provided by the national farmer
organization of Valdostana breed (ANABoRaVa), mamggdhe breed in collaboration with
the Valle d’Aosta region and the regional assoomatf breeders (AREV), indicate that in
2010, the Aosta Chestnut breed accounted for 116688, 147 bulls and 10,752 calves, for a
total of 22,857 animals. On the other hand, datanfthe same year for Aosta Black Pied
breed consisted of 1394 individuals, including &é8vs, 645 calves and only 4 bulls. Both
breeds are not endangered (FAO, 2011), but thel smmalber of individuals in Aosta Black
Pied needs to be constantly monitored by localdbessociations.

Both strains are selected for milk and meat, witpagticular emphasis on milk, which is
mainly used for the production of the Fontina cleeds 2009 the average production,
computed on both breeds together, were of 3,1103&H% and 3.44% for milk, fat and
proteins, respectively (i.e., at the third lactajioYoung bulls are evaluated through both

performance and progeny test. At the end of thefopmance trial, their weight is
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approximately 300 Kg. Genetic improvement is caroet using an aggregate selection index
in both sexes, including milk and muscularity eadbd at same relative weight. In the last
two decades, an antagonism between milk productiah fighting performance has led to
disputes among the breeder association and farim&tr®ring their animals to the traditional
battles. To conciliate the interests of both partise national breeder association
(ANABoRaVa) requested Professor Roberto Mantovidniyersity of Padua, to undertake a
genetic investigation of fighting ability in thesarieties of cattle. Based on data collected at
traditional tournaments over years, genetic evadoatarted in 2007 and it has been carried
out over the years till now, succeeding in assgssariance components of fighting ability
and in computing related genetic indexes (Mantownal., 2007; Sartori and Mantovani,
2010). Nowadays, fighting ability has been includedoreeding goals within the selection in
addition to milk and muscularity. The evaluationegbnomic weights for the aggregate index
Is ongoing. When selection for the three charasties will be realised, a new era of animal
breeding will start.




PART 3 — AIMS OF THE THESIS

The present thesis arises from the collaboratidwden the University of Padua, Department
of Animal Science, and the national breeder astoniaf Valdostana cattle (ANABoRaVa).
To generate genetic indexes for fighting abilitggdPart 2 for detailed description) suitable
for the genetic improvement of Aosta Chestnut andta Black Pied cattle, a detailed genetic
and behavioural investigation of the trait has besmied out between years 2008 and 2010.
The aim of the present thesis is to carry out arestigation of fighting ability using data
coming from “Batailles de Reines”, the traditiomalirnaments that Aosta Chestnut and Aosta
Black Pied breeds yearly engage. Moreover, someitapt considerations on the relations
among genetic, behavioural, environmental and ewolary components of fighting
behaviour and of other social behaviours have lbeafysed and discussed.

The study has been structured as follows:

1) A behavioural analysis of the agonistic performanceAosta Chestnut and Aosta Black
Pied cattle. After quantifying the main behavioypsattern expressed by cows during the
battles, the agonistic performances have been sahlgnd an ethogram (i.e., catalogue of
behaviours) of the escalated conflict has beent.b&tatistical models have been
implemented to find which factors could mainly atf¢he shape and the outcome of the
contest.

i) An evaluation of fighting ability has been carriedit using the tools of classical
quantitative genetics. As first, a suitable phepmtyexpression of the trait has been
achieved, followed by an investigation of variamoenponents. Genetic parameters have
been estimated and so the level of heritabilitylheen assessed.

iii) The genetic model developed in the previous stuay lbeen implemented in order to
account for the strength of interacting conspesifia comparison between a classical
quantitative model including the competitor witine phenotype and a model accounting
for the indirect genetic effects of conspecifictireated using the “variance component
approach” has been carried out (see Introductiant, p.4), followed by a comparison
among different genetic models accounting for genahd permanent environmental
genetic effects. Variance component estimates baea compared in order to quantify
the magnitude of indirect effects when accountea genetic model for social traits.

iv) A population analysis on both Aosta Chestnut andtdd®lack Pied cattle has permitted

to estimate the incidence of inbreeding within ttveo populations, quantified by
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inbreeding and average relatedness coefficientss,Tthe incidence of kinship on fighting
ability has been evaluated, in order to assess eumigence of possible inbreeding
depression on the behavioural trait.
The thesis ends with general conclusions in whicgflaction on the behavioural and genetic
evaluation of fighting ability is carried out. Quaative genetics and optimality approaches
applied in the study are evaluated in order torcdf@ossible synthesis and an example of a

powerful tool for behavioural and genetic studiesvell as for animal breeding practices.
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Running head: Agonistic behaviour in cows
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“The Resource Holding Potential (RHP) is a measuire
the absolute fighting ability of a given individual
Size, strength, weaponry and experience
all seem involved in RHP”
(Parker, 1974)
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ABSTRACT - This study was aimed to analyze the dynamicsagdnistic interactions
occurring between cows that participate in tradiiobloodless fighting competitions in the
region of North West Alps, Italy. Specifically, tlgtudy aimed to build an ethogram (i.e.,
catalogue of behaviours), in order to investigditanges over time in conflicts, and to analyse
factors affecting the outcome of a fight. An amoohtl88 competitions was retained for
statistical analyses. A first sub dataset, comgisin battles of three preliminary and the final
tournaments kept in 2009, belonging to tiie3 and %' encounter engaged was selected for
the first part of analyses; altogether, 120 contipeis. Only repeated wins belonging to 51
cows were retained and analyzed in order to ob#aimansitional probability matrix of
behaviours, and aiming to investigate the shapth®fconflicts. Analysis of variance was
performed with Mixed model for repeated measuremémt the following variables: match
duration, intensity, time spent on total behaviotimon agonistic interactions, exhibitions,
and physical fights. Subsequently, in order to yweafactors affecting the outcome of a fight,
a logistic regression analysis was carried outlbtha 188 binary fighting results. A typical
behaviour pattern of escalated conflict (i.e., deeof the resource, exhibition, and fighting)
was obtained and described using the transitiograim of behaviours. Among factors
affecting the shape (i.e., the structure, as tleeession of different behaviours during an
agonistic interaction) of the conflict both phydid¢actors (weight), and aspects joined to
previous experiences (age) showed a significamicefP<0.05) on exhibitions (weight), on
match intensity (weight and age) and on non agonisthaviour (age). However, the most
important factor affecting the shape of a match thasnumber of encounters. From the first
to the following encounters there was a increasentgnsity accompanied by a reduced
frequency of exhibition behaviour and increasedyiency of physical behaviour. The
outcome of the match was not dependent by the avflarrival in the arena, but was
influenced by difference weight and age differenisgesveen contender®<0.05). However,
the greatest role in affecting the result of thétlbavas manifested with additive genetic
effects for fighting ability, that showed a strosignificant role P<0.001) in influencing the

probability of a win in a fight.

Key Words: agonistic behaviour, Resource holding power, belhaal dynamics, fighting,

cattle
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INTRODUCTION

Life in social groups is characterized by competitifor limited resources resulting in a
complex pattern of dominance hierarchies aimedetulate access to resources (Pusey and
Packer, 1997; Clutton-Brock et al., 2006). An agtaiinteraction can be totally physical, not
physical at all, or a mixture of displays and agtini contacts (Maynard Smith and Price,
1973), depending on the value of resources, theafgsossible injuries, and on the kind of
asymmetry between opponents. Before engaging itgsigal interactions, contenders
generally assess an escalated fight (Parker, 198y evaluate the opponent’s fighting
ability or the so called resource holding power HRHhrough signals expressed with
increasing intensity (Maynard Smith and Harper,20@anser et al., 2001). The outcome of
a fight may depend on many factors (Huntingford @&ncher, 1987; Jackson, 1991; Hsu and
Wolf, 1999), such as previous fights engaged betwdgads or the differences in
aggressiveness due to the experience of agoms#iactions (Wong and Balshine, 2010). On
the other hand, when contenders are close in thalduration of the struggle may increase in
order to allow animals to acquire more reliable maliinformation on the opponent’s strength
(Enquist and Leimar, 1983). In the last decadegersé studies have focussed on factors
affecting the shape (i.e., the structure, as thheeace of behaviours during an interaction) of
a conflict in social species, and some explicathaglels have been proposed (see Arnott and
Elwood, 2009 for review), and confirmed by fieldtalaPrenteret al, 2006). Among
domestic species, cattlBds tauru¥ represent an interesting subject for studyindptfigg,
because they regulate the access to the naturalroes at pasture through agonistic
interactions of social dominance (Oberost¢ral, 1982). In this species, the main factors
determining the outcome of a conflict have beeeaaly studied (Schein and Fohrman, 1955;
Bouissou, 1972; Collis, 1976; Murphy and Duarte9@9and methods for assessing social
dominance have been developed (Beilharz and Ze8B2;1Val-Laillet et al, 2008).
Moreover, recurring behavioural patterns exhibithating conflicts have been reported
(Collis, 1976; Reinhardét al, 1986; Gibbonst al, 2009). However, the dynamics of an
escalated conflict among cattle have not yet besstribed. In this regard, the present study
was aimed to analyse the dynamics of agonisticant®mns that occur between cows of the
Aosta Chestnut and Aosta Pie Black breeds thaticpgmate in traditional fighting
competitions organized by farmers as a revival hid agonistic performances naturally

occurring at pasture. Specific objectives of thisdg were: i) to outline the dynamics of
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escalated conflicts between cows and to definebetial patterns; ii) to investigate how the
structure and intensity of fights may vary overdimuring tournaments, and iii) to analyse

factors affecting the outcome of a fight.

MATERIALS AND METHODS

Description of the subject and Data collection

Agonistic behaviour of cows was evaluated by obagrbattles performed between pairs of
cows during the “Batailles de Reines”: traditiocaimpetitions with centuries long tradition
in Aosta Valley of Italian North-West Alps (Mantavieet al, 2007). These competitions are a
major folkloristic activity recurring in the Aostagion, as well as a remarkable source of
attraction for tourists. Cow battles are not criecause animals perform the same type of
behaviour as at pasture when hierarchical reldtipssare established. Battles are performed
between pairs of pregnant milking cows of the AdShestnut and Aosta Pie Black breeds.
These two breeds are rustic autochthonous breed®edt Alps and possible direct
descendant of primitive aurochBdgs primigenius Nowadays, traditional tournaments are
yearly organized also in the French region Hautes®aand in Canton Valais (Switzerland),
where fights are carried out with the Heréns catfusquellec and Bouissou, 2001;
Plusquellec, 2001). A detailed description of “Blééa de Reines” has been already provided
elsewhere by Sartori and Mantovani (2010). Yeadyrmaments consist of 21 days with
battles (20 eliminatory and a final competitionsyimning in the late March and ending in the
middle of October. In order to introduce a settigilar to the natural environment, cows are
leaded to fight in a grass arena with a diamete5@f metres. Before going into the
competition, cows are weighted, checked for milkduction and pregnancy, then divided
into three weight categories. A tournament schedimeeach weight category is arranged
dividing the participanting cows in pairs by chandéhe competition consists of 4-7
contemporary knock-out battles where the losertbdsave the contest, and the winner gains
the right to engage a new match against the wiohanother competition, i.e. moving to an
upper level of difficulty. Such a kind of challengeay consist of 4-7 levels of fights,

depending on the tournament size.
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Data on agonistic performances among cows wereatell in the last four tournaments of
“Batailles de Reines” in year 2009. Daily competis occurred in the grass arenas at
following locations: Gressan, Nus, Saint Christophd Aosta (final match of the year).

Table 1. Descriptive statistics on the data of “Batailles Beines” of the target four

tournaments.
Location Weight Age
Gressan Nus S. Christophe Aosta  (KQ) (vears)
Cows 172 254 316 180 588468  6.20+1.64
Cows in weight category 1 49 84 112 62 669+47 6166
Cows in weight category 2 65 91 105 62 571+14 61266
Cows in weight category 3 58 79 99 56 521+16  5.68%1

Table 1 reports some descriptive statistics cornegrthe focussed days of tournament. All
the battles engaged were recorded using four diftedigital video cameras with miniDV,
mini-DVD and SDHC cassettes as supports, for apprately 6-7 hours of recording per
day. Thus, 883 of the all 922 battles were coldmr subsequent analysis. Additional
information on animal ID, individual weight at fighherd and genealogical information were
obtained from the farmer society that organize ttvernaments (Amis des Batailles de
Reines), the regional breeders Association of Adétdley (AREV) and the National
Breeders Association of Valdostana breed (ANABoRaVa

Behavioural observations

Video recorded data were analysed using AvidéMuand Jwatchél (Blumstein and
Daniel, 2007) programs for the analysis of vidend hehaviours, respectively. Behaviours
were collected through a focal sampling and comwtirsurecording (Altmann, 1974) of 120
battles chosen from the first, third and fifth eacters performed by cows, in order to get a
balanced dataset (i.e., representative of the wiatie). An ethogram was built including all
the behaviours observed in the course of the catigret and also taking into account
information available from the literature (e.qg.,l3p 1976; Gibbongt al, 2009). Behaviours

performed by the two contestants of a battle wésays considered separately, in order to
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obtain cow specific ethograms. A score from 1 tavé® assigned to each behaviour on the
basis of agonistic intensity (Table 2). Target htars with the respective intensity score
shown in parenthesis were:

- friendly (1): cow gently touches opponent with headicks its muzzles;

— passive (2): cow stands in the arena without caréhe opponent;

— defence of resource (3): cow rubs its muzzle in éheh and scrapes the ground,
indicating its rights over the resource;

— vocalization (3): cow raises its nose up and bedlow

— visual display (3): cow stands in the front of tbpponent and displaces (i.e., it
communicates to the opponent its own strength tirca physical exhibition) using
the shoulders. Both contenders can also displdgeasame moment, standing up in
order to assume a parallel orientations, with tkeads in the same direction. As
alternative they may take an anti-parallel orientatturning their heads in opposite
ways;

— looking in eyes (4): cow stands in the front of dmponent and stares into opponents’
eyes. As a consequence, the rival takes immedititelgame position;

— pushing (5): cow pushes the opponent with heagsraging on the ground with legs.
Thus, the opponent does the same. As variatiomgwa can push the body of the
opponent with head, neck or own body. In such cakesopponent stands still,
searching to contrast the attacker;

— vigorous clash (6): forceful conflict in which comoves inside the arena and uses
head, horns or the whole body to overpower the nppb Sometimes a cow is
capable to lift up the rival with the head.

Duration of all behaviours were measured in secoaad repeatitions in the course of a
match were summed to obtain the total amount o€ twh time for each behaviour. An

exhaustive scenario of all considered behavioursgerted in Figure 1.

Analysis of data

i) Diagram of behaviours

This analysis was carried out on 120 selected @sattihgaged by 145 participants and
belonging to the first (n=48 battles), third (n3d&tles) and fifth (n=24 battles) round of
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Figure 1. Examples of behavioural pattefhsperformed by cows during the traditional

“Batailles de Reines” with the type of behavioubnackets.

(Ma. arrival of cows at the patch; b. rubbing the mheiin the earth (defence); c. scraping the
ground (defence); d. passive posture (not agonkstitaviour); e. friendly approach (not

agonistic behaviour); f. reciprocal either paratiebnti-parallel orientation (visual display); g.

threatening posture (visual display); h. vocalimas; i. looking in eyes; j. head-to-head
(pushing); k. pushing with horns (pushing); I. pashwith neck (pushing); m. vigorous clash

moving across the arena (vigorous clash); n. gftup the opponent (vigorous clash); o.
retreat of the loser and dominant posture of thenes.

matches from the four considered tournaments (T2pl®©nce a winner of the first or third
match round was observed, it was followed alsdhvendubsequent matches in order to obtain
repeated (2 or 3) observations per animal. Thesitian diagram with associated transitional

probability matrix was built from the ethogram df Winners using the sequential analysis
tool of JWatche? (Blumstein and Daniel, 2007). Values in the tréiosal probability

matrix were obtained dividing the observed freqyefioc an event pair (e.g., vocalization and
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Table 2. The percentage of observed behaviours (as regpda total number) by the match

rounds and the intensity score and type of intema@ssigned to each behaviour.

Match disputed ] ) )
Intensity score Type of interaction

1st 3rd 5th
Match considered (no.) 48 48 24 - -
Behaviour:
- friendly (%) 1.24 1.49 0.69 1 Non agonistic
- passive /(%) 7.40 6.07 1.76 2 Non agonistic
- defence of resource (%) 51.46 37.71 34.50 3 Exhibition
- visual display (%) 18.91 16.87 25.92 3 Exhibitio
- vocalization (%) 0.82 1.42 1.90 3 Exhibition
- looking in eyes (%) 3.64 6.82 2.66 4 Exhibition
- pushing (%) 2.27 7.16 10.61 5 Physical fight
- vigorous clash (%) 14.26 22.46 21.96 6 Phydigat

looking into eyes) by the frequency of the firshaeiour (Blumstein and Daniel, 2007). It has
to be noted that a preliminary analysis of varianegveen losers and winners did not indicate
any significant differences in behavioural variatvieasured for winners and for losers.

i) Shape of the conflicts

The same 120 selected matches were used to arfatyees affecting the shape of a conflict.
Data of the 51 winning cows were considered in otderetain at least the outcome of two
matches per cow. The result of each battle was sareed with five variables:
1)  the total duration of match, expressed in seconds;
i)  the overall intensity of match (I), computed Eil(smi)/zi”:ld , Where d is the
duration of the i-th behaviour observed during thatch, and s is the intensity
score assigned to the behaviour (Table 2);
iii) the ratio between the duration of non agonistierattions (Table 2) and the

duration of the whole match (i.e., relative fregeyenf non agonistic interactions);
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iv) the ratio between the duration of exhibitions (iret physical contacts; Table 2)
and the duration of whole match (i.e., relativejtrency of exhibitions);
v) the ratio between the duration of physical fightotghout the match (Table 2)
and the total combat length (i.e., relative frequeof physical fights).
Individual data were analysed using a mixed mob@KED procedure, SAS Institute, 2004)
for repeated measurements:
Yik =+ Ti + G + T*Cj + aij + NM, + bW + b*A + g

where Y is the individual observation on the k-th cqwis mean (intercept), T is the i-th day
of tournament (i = four levels), C the j-th weigbtategory (j=three levels), T*C is the
interaction among T and Cyais the individual random effect of a cow within@*~N (0,
0%), NM is the effect of the I-th match (1=3*13 or 5" match engaged) of a cow in a given
tournament and category, &nd b are respectively the regression coefficients fand A,
the individual covariates of difference in weigkig) and in age (years) that the target k-th
individual had with the opponent, angl @s the random residual term, ~N (Fe).
A preliminary analysis of co-variance structureviedn repeated measurements using the
AIC coefficient (Akaike Information Criterion, Akke, 1974) as a model fit criteria, indicated
the need to consider different co-variance strestiuor modeling the cow effect. For the
duration and intensity of the match was used aamag component structure, Unstructured
covariance matrix was used for the relative fregyesf non agonistic and exhibitions, and a
Huynh-Feldt covariance structure for the relatinegitiency of physical fights.
Differences between least squares means of the thk levels were estimated using the

Bonferroni adjusting method.
iii) Outcome of the fights

This analysis was carried out on a data set cantaitB8 matches, i.e. the previous 120 battle
battles and another 68 matches obtained from tia fournament in Aosta. A preliminary
analysis indicated no significant effects of eith@urnament or category on the outcome of
fights, and therefore the data set was increasedder to analyse an almost equal number of
fighting resulting from the three preliminary (n998nd the final (n=95) tournaments. It is
important to notice that the previous study wasuésed on the differences among different

levels of matches, and an equivalent number of mgt@among preliminary tournaments
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(n=3) and the final tournament (n=1) was not awd@la However, both datasets were
consistent with the respective performed analysis.
A logistic regression analysis (SAS Institute, 2004s then carried out with a following

multiple regression model:

yii~Bernoulli(p)
Logit(pij) =L+OR+ bl*Wjj' + bz*Aj.j' + bs*EMVm,-,w + y*EMVS jij

where Y is the outcome of the fight considered as bin@rjo( loss and 1 for win}t is the
mean (intercept), OR is the fixed effect of tha Btder of arrival on the site of a match by the
j-th cow (i=1 when arrived first and i=2 when agd/ second), b b, b; and h are the
regression coefficients of W, Ay, EBVm,;, and EBVf;, respectively, that represent the
individual covariates of the difference in weigkg), age (years), estimated breeding values
for muscularity trait (points) and fighting abilifpoints) between the target j-th individual
and its opponent (j’-th);;eis the random residual term, ~N (). It should be noted that
EBVs for muscularity were obtained from linear typeore of primiparous cows, whereas
EBVs for fighting ability were computed from fighti data by Sartori and Mantovani (2010).

RESULTS
1) Diagram of behaviours

An exhaustive summary of cow agonistic performaegaovided by the transitional diagram
of behavioural patterns performed in the coursea dfattle as reported in Figure 2. Each
elliptical area is describing a behaviour and ispprtional to the average duration of
behaviour, while the size of arrows is proportiot@lthe probability of moving from one
behaviour to another. In general, in the coursa adnflict cows spend the greatest amount of
time in defending the resource (34-51% of the totaé, Figure 2 and Table 2), i.e., moving
the muzzle in the earth or scraping, exhibitingront of the opponent using visual cues (14-
22%; Table 2), engaging vigorous clashes (19-26&hb]él'2) aiming to overwhelm the rival.
Following the arrows in Figure 2, a typical patt&inescalated conflict can be found out:
cows can show an initial passive behaviour or, ncoramonly, they can start to exhibit their

right over resource as soon as they arrive. Théogiin generally (i.e., 46% of the time,
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Figure 2. Transition diagram of behavioll’sobtained from ethograms of winners in 120
selected matches with each of the eight behavimaiaérns ordered on the basis of a gradient

of intensity.

? ‘o A

ALISNHALNI

Vigorous
clash

o

INTENSITY Resolution of the fight @

MAreas of ellipses are proportional to the duratidreach behaviour. The probability (in
percentage) of a transition from a behaviour tatfaroone is indicated by arrows; transitions
with probability less than 6% are not shown, atiter or heavier arrows refer respectively
to transitions occurring less than 15% or more thibh.

Figure 2) evolved in a visual assessment with tereag postures, culminating in a quick
look into opponent’s eyes (18% of times; Figuratdt is the signal for the battle; in half the
cases, the glance led to a physical contrast, ctesized by a vigorous clash that can be
alternated with moments of head to head or bodyipgs(25%; Figure 2), that led in most

cases to the resolution of the match (42%, Figiwre 2
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i) Shape of the conflicts

Among the different factors considered in the mixeddel ANOVA (Table 3), the
tournament, category and their interaction showedyeneral little influence on the five
variables related to fighting. Specifically, theutoament affected significantlyP€0.05;
Table 3) only the duration of the match, while theight category did not show any
significant effect P>0.05) on any of the measured variables. On therdtand, only transient
significant effects P<0.05; Table 3) were observed for interaction betwsurnament and
category as regard the incidences of exhibition plimgsical fight on the total time of the
mach. Both weight and age differences between ndets (i.e., RHP factor and winner—loser
effect, respectively) showed a greater magnitudm tphrevious variable (greater F value;
Table 3) on some of the analyzed variables, anticptarly on the incidence of exhibition
and on the intensity of the match, that were a#f@cf<0.05) by the weight and age
differences respectively (Table 3). Positive vabfethe estimated coefficients on weight
(0.07) and age (0.01) indicated that an increaglifigrence in weight or age between
contenders resulted in a significant increasetenisity of the score (+7% per +1 kg of weight
difference) and of exhibition (+0.1% per +1 yearagfe difference), respectively. However,
among all factor analyzed, the stage of the tousmnin which cows fights, i.e., the
progressive number of matches disputed, was timeapyi source of variation in affecting all
fight variables, except for the duration of the chais, that was not significantly influenced by

the number of encounters (Table 3).

Table 3. Results of the mixed model analyses (F valuessigmificance) aimed to identify

the differences in the shape of conflicts amongsow

Tournament Category .  Match Weight  Age

Variable ) © disputed E’K'g') (yDe“;f'rS)
Duration of match (sec) 3.82* 0.52 1.03 1.13 0.51 142
Intensity of match (score) 1.53 0.74 1.26 7.94%* 38 3.93*
Non agonistic behav./total (%) 1.84 1.48 0.62 8*88* 0.08 5.84*
Exhibition/total (%) 0.45 0.46 2.58* 3.78* 3.89* @
Physical fight/total (%) 0.64 2.10 2.45%  6.86*** 95 3.14

*=P<0.05; *=P<0.01; ***=P<0.001; where not present F is not significant,?=0.05.
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Table 4. Least squares (LS) means with standard errordokiets and results of comparison
between LS means of different number of encouriie¥s match disputed) carried out with

Bonferroni adjustment method.

Match disputed

Variable 1 31 5h
Duration of match (sec.) 210.1 (28.6) 269.5 (27.9) 242.1 (40.5)
Intensity of match (score) 3.34 (0.£1) 3.79 (0.115 4.04 (0.15§
Non agonistic behavior/total (%) 0.11 (0.03) 0.12 (0.0%) 0.04 (0.01Y
Exhibition/total (%) 0.74 (0.03) 0.57 (0.04) 0.59 (0.05)
Physical fight/total (%) 0.15 (0.03) 0.31 (0.043 0.37 (0.06}

Superscript A and B indicate differencesPai0.01 within row; a and b indicate differencesPa0.05 within
row.

Contrasts aimed to investigate the influence otessive fights on the agonistic approaches
among two conspecifics (Table 4) indicated that imgvfrom the first to following
encounters (3 and %" resulted in a greater intensity (3.34 vs. 3.76 4104, respectively;
Table 4). This increased intensity was linked toeduction of incidence in non-agonistic
(significant only at the B match; Table 4) and exhibition behavior (0.74&7 vs. 0.59 at
1% 39 and %' match, respectively; Table 4) and to an increasthé incidence of pushing
and vigorous clash (i.e., physical behavior) ofwti®% (i.e. 0.15 vs. 0.31 vs. 0.37 &t 3¢,

and 8" match, respectively; Table 4).
lii) Outcome of the fights

As in the previous analysis, differences in weightl age were important in determining the
outcome of a match (P<0.05; Table 5) that reachedalue of 1.01 for weight difference and
0.81 for the age difference (Table 5). In spitetled different confidence interval, much
greater for the age than for the weight differebeeveen contenders (Table 5), this indicates
that heavier cows have a greater odd (about 0.04% than lighter) for any kg of difference
in weight to succeed in the match or, on the otfaerd, the cow resulting 1 year younger than
the contender has an odd of 0.45 to lose the m&inhthe contrary, the order of arrival of
cows at the arena didn't affect at all the outcoofethe match (Table 5). The greatest
influence on the result of the battle was the estith breeding values (EBVSs) for fighting
ability, revealing a strong significant role<0.001; Table 5) in influencing the probability of
a win or a loss in the fight. Particularly, tloelds ratio obtained for difference in EBVs for
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Table 5. Results of logistic regression analysis carried @ the outcome of the fight

considered as binary (0 for defeat and 1 for win).

Wald x? 95% Wald confidence
and limits of odds ratio
Item significance Odds Ratio
Upper Lower
Intercept 3.25 - - -
Order of arrival on fight 1.25 1.51 0.73 3.10
Difference in weight (kg) 4.37* 1.01 1.00 1.02
Difference in age (years) 3.80* 0.81 0.66 0.99
Difference in EBV for muscularity (points) 2.10 1.0 0.99 1.02
Difference in EBV for fighting ability (points) 383 *r* 1.08 1.01 1.11

*=P<0.05; *=P<0.01; ***=P<0.001; where not present F is not significant,?=0.05.

fighting ability among contenders indicated a grated (i.e., 4% more than loser) to win a
match when differences in EBVs increase by 1. Swedult reflects about 14 points of
phenotype considering a heritability of 0.07 foe tinait (Sartori and Mantovani, 2010). On
the other hand, no effects were attributable toEB&/s difference between contenders as

regard the muscularity (Table 5)

DISCUSSION

Agonistic interactions among conspecifics are iasigg in popularity in animal behaviour,
and the initial theory describing ideal animal dmté$ (theory of games; Maynard Smith and
Price, 1973) has recently been expanded and deactlofith new inputs and suggestions
aimed to explain how disputes really happen inmgafsee Arnott and Elwood, 2009 and Hsu
et al, 2006 for reviews). In such a framework, agonigiteractions occurring among cows
are able to provide a good example of the dynawfi@nimal conflict, providing a concrete
scenario for confirming important theoretical comse In our study, the transitional diagram
of behavioural patterns exhibited by cows in therse of the struggles seems a clear example
of common agonistic dynamics occurring among cocifips. Agreeing with theory, when
the cost of the fight is elevated (i.e., the phgsiffort that individuals have to provide into
the battle), competitors are used to escalate éPatl®74; Clutton-Brock and Albon, 1979),
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giving each other indications about their own figbtability through honest signals with
increasing costs and thus more reliable informatidahavi, 1975; Enquist and Leimar,
1983). Our diagram clearly demonstrate that behavio cattle fighting reflect these
escalated pattern and it is similar to diagramsefralated conflicts built in other taxa (i.e.,
roe deerCapreolus capreolysHoemet al, 2007; whip spidePhrynus marginemaculatus,
Fowler-Finn and Hebets, 2006). In addition, ourestation on cows agonistic behaviours as
threatening displays or pushes have been alreastyrided both in related species such as
bison Bison bison Rodenet al, 2005) or buffalo $yncerus cafferSinclair, 1977) and in
other cattle breeds (i.e., Holstein Friesian, Gpll976, Gibbonst al, 2009; Scottish
Highland cattle, Reinhardit al, 1986). Moreover, also in other traditional tourants with
Heréns breed such patterns have previously beetianed (Bouissou and Boissy, 1995).
The transitional diagram of behavioural patternseh@esented could also be considered in
agreement with the “cumulative assessment game’tylhef Payne (1998), where competitors
may decide to escalate after assessing both realpasymmetries and own RHP.

Following Maynard Smith and Parker (1976), dispudédighting cows, aimed to establish
relationships of social dominance, reflect asymmgtin RHP occurring among contenders.
Our results confirm such theory, indicating thatewlasymmetry between contender increase
(i.e., weight differences), the conflict results gmeater exhibition of strength and, as a
consequence, in greater intensity of the matchs €buld be considered to agree with the
“partial mutual assessment” theorized by Preatel. (2006), in which both absolute weights
and the difference in size between contenders playple. However, results obtained
analysing the “Batailles of Reines” may suggest etting more. Indeed, studies carried out
in last decade on fighting have shed light on tteagimportance of the winner-loser effects
(Hsu and Wolf, 1999; 2001), explaining that alsotdas other than RHP, such as prior
experiences, physiological variations, influence shhape and outcome of a fight. In light of
this, the significant age effect observed in thiglg on the outcome of cow fights confers to
the previous experiences collected over years gorntant role for the resolution of the
struggles. However, an important outcome of thislgtcould be related to the evidence that
struggles change over time, after experienced tegeagonistic interactions (i.e., previous
encounters). As time went by, the level of intensitcreased, as the number of physical
interactions, whereas the amount of exhibitions aot agonistic interactions reduced.
Results of this study clearly indicate this patteFemporal variations of fights have been

already observed in fishes, when new colonies stabbshed (Oliveira and Almada, 1998),
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and when individuals ascend in ranks during hidnarassessments (Wong and Balshine,
2010), but literature is still quite scarce on sactopic. Changes in physiological conditions
have been described as a primary factor unrelatd®HP but affecting shape and sorts of
conflicts (Rutte et al., 2006), as demonstrated laboratory mice (i.e.,Peromiscus
californicus Bondaret al, 2009;Mus musculusOyegbileet al, 2005), where variations in
levels of androgens influence new fighting perfonces. Stress hormones (Creel, 2001) and
testosterone (Wingfield, 2005) play a key and amt&gjic role as enhancers and reducers of
fighting effort, respectively. Moreover, it has bhedemonstrated that levels of testosterone
may increase and subsequently slowly decrease ennimutes just after an agonistic
interaction, reaching the pick around 45 minutesafhe contest, and thus enhancing the
aggressiveness in individuals (Oyegbée al, 2005), that may be exhibited in further
conflicts. The rise of intensity in the course biet“Batailles of Reines” reflects such
dynamics, although no physiological data could hbeen obtained and analyzed in our
study. Therefore, we can only speculate that tleatgr level of aggressiveness and thus of
agonistic intensity in the course of the tournamamild be related to physiological changes
as those previously described.

Among the results obtained in this study, the vabiehe resource did not seem to be
important for the outcome of the fight, as showntlg logistic regression analysis. Indeed,
the order of arrival at the patch (first or secodd) not affect the probability to win. Such
observation does not agree with the bourgeois yhebDavies (1978), for which the first

arrived is expected to perceive the resource asn™@nd thus to invest more in the conflict,
enhancing the probability to win. That could be tluethe latency at the piece of earth before
opponent’s arrival, maybe not sufficient for enhagca perception of ownership on the
resource. The importance of the genetic value (BB fighting abiliy observed in this
study (i.e., EBVs assessed in Sartori and Manto{@010)) agrees with previous reports that
hypothesized a role of the genetic value in cotsl{g¢ondo and Hurnik, 1990; Murphy and
Duarte, 1990). The role of genetics in behaviodraits has been studied over decades
(Boake, 1994) and has received new vigour fromneteeories of interacting phenotypes
and indirect genetic effects on social traits (Moet al, 1997; Bijmaet al, 2007b). The
genetic estimation of fighting ability in cows (8ar and Mantovani, 2010) and bulls (Silva
et al, 2006) well proved the important role of geneficssuch traits. As a matter of fact,

domestication and selection for breeding purposesrhodelled some relevant behavioural
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traits in livestock for centuries (Grandin, 1997ighbn-Grasteaet al, 2005), playing a role

of major importance for animal welfare and produefpurposes.

CONCLUSIONS

Fights among cows occurring in the course of tra# tournaments are of great interest in
investigations of animal conflicts. A typical patieof escalated conflict based on the defence
of the resource, exhibition and fighting has beemdnstrated. Analyses carried out in this
study indicated that physical factors related toPR$uich as weight, and aspects related to
previous experiences as age, play an importantmaéfecting the shape and the outcome of
a conflict. Furthermore, the recent experienceepeated encounters can reveal as the most
important factor in influencing the intensity, artie remarkable impact of genetic

components can shed a new light on agonistic swahd concerns.
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"BEHAVIOR is (...) the most complex phenotype ¢hatbe studied
because behavior reflects the functioning of thelevbrganism and
because it is dynamic and changes in responseeteritiironment.”

(Plomin, 1990)
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ABSTRACT - The tendency to fight is a well known attituseMaldostana cattle, and non-
cruel traditional contests are organized yearlydyyners to identify the most dominant cow.
Cow battles consist of eliminating matches thatehawportant economic implications both
for tourism and farmers. The aims of this studyemgrto validate a score system to express
fighting ability, and ii) to carry out a geneticaysis for this trait using different datasets and
models. A dataset including 16,509 fighting recdrds 5,981 cows relevant to contests over
six years was retained after editing (datasetlja@a placements were used to compute a
placement score (PS) accounting for wins, tournarsize and difficulty, and differentiating
the 20 preliminary battles each year from the fmakch. A second dataset was created using
only the individual best yearly PS, i.e. deletiepeats with a lower PS for the same animal
within each year (dataset2; n=10,367 records, sparding to a single datum per year per
cow). Compared to the cows’ placement or posit®)y the PS was less skewed (-1.45 for P
and 1.25 for PS, respectively) and exhibited betefficients for the probability of a normal
distribution. Animal model REML method analysis ¢aanting for 13,456 animals in the
pedigree) was carried out considering different lsm@ations of fixed and random non-genetic
factors other than the random animal and permasevitonmental effects. Results indicate
that random factors other than the additive genatid permanent environment do not
improve the model fit and therefore it is not useatutake them into account. Heritability
estimates obtained with the model showing the bitistg, were 0.078 (datasetl) and 0.098
(dataset2). Results of this study indicate thagctidn for fighting ability in Valdostana cattle

using battle data of performances could be possible

Key words: genetics, fighting ability, cattle, battle contégaldostana breed
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INTRODUCTION

In all social species the access to resourcesgslated through dominance relationships
involving repeated dyad agonistic interactions gatireg a within-group hierarchy of social
dominance (Drews, 1993). Rigid relations are tylpafaconfined ungulates living in groups
such as bison, zebus and cattle (Reinhardt e1286). In cattle, herds firm hierarchies are
always established and the regrouping at pasturtherre-mixing of unfamiliar animals
produce aggressions aimed at defining a new sooildr (Phillips, 1993; Bge and Faerevik,
2003). Dominance shows a heritable component,dwitstudies on cattle have shed any light
on it (Dickson et al., 1970; Wieckert, 1971). Fightability has been investigated in breeds
used for bull fighting and selected for aggressassn(Gonzalez Caicedo et al., 1994; Silva et
al., 2006). Genetic analyses have been also cayuetbr Hérens and Valdostana cattle using
data from the traditional cow battle contests (fueslec and Bouissou, 2001; Mantovani et
al., 2007). These competitions between cows reptdsath an attraction for tourists and a
source of income for farmers, due to the increasmhomic value of the most competitive
cows and their offspring. Although selection faghfiing ability has not yet been carried out
formally, farmers pay a great deal of attentiorthig trait in addition to the selection for the
dual purpose attitude. As part of a project aimedentifying the possible implementation of
genetic selection for fighting ability in the Valktana breed (Mantovani et al., 2007) this
study aims at: i) validating a score system asitalsde dependent variable to analyze fighting
ability, ii) investigating different combinationsf dixed and random effects in different
datasets to identify the best-fitting model. As @rtcome, variance components and rank

correlations among estimated breeding values alyzed and discussed.
MATERIALS AND METHODS
Data used in the study were obtained followinggtelelines given by the association of

farmers responsible for the battle organizatioresehguidelines are formulated in respect to

Italian legislation on animal care.

59



Description of the subject

The “Batailles de Reines” are annual traditionattests that have taken place since 1958 in
the Valle d’Aosta region, i.e. north-west Italiadp8, in which cows dispute eliminatory
bloodless matches aimed at identifying the mostpmiitive animal (Mantovani et al., 2007).
Contests revive the natural attitude to fight havs exhibit at the beginning of the summer
grazing season, when unfamiliar cows meet afterotggng. The fights are carried out in
grass arenas, where pairs of cows are left to fighier the supervision of their owners and a
judge. Participants are divided into three weightiegories that battle at the same time but
without interactions between categories. The esm@laght (Parker, 1974; Clutton-Brock and
Albon, 1979) can end quickly if a cow immediatedgognizes the superiority of its rival, but
it may last even more than an hour, with cows mgsleiach other until the loser gives away.
When a cow recognizes the hierarchical supremadtlyeofidversary, it is eliminated from the
competition, whereas the winner advances in thentonent. Yearly tournaments consist of
20 preliminary battles starting in the last Sundaarch and a final match that takes place
at the end of the summer pasture season (i.e.t abthe middle of October). The final match
is held every year in a special arena in Aosta, iandisputed for each of three weight
categories by all animals classified in the elinona tournaments (winner and up to the
fourth placements) plus the winner of the previgear. The winners of each category gain
the title of “queen” of the year. Both the elimioat and final battle boards are established
within each category and across tournaments byidgaanimal numbers, i.e., without seeds.
Only cows belonging to the autochthonous Aosta @inesand Aosta Pie Black breeds from
farms located within the regional territory areoaled to compete in the tournaments. These
breeds have a strict genetic relationship (Del Balg 2001) and they are considered two
strains of the same breed managed within the sarkedook. To fight, cows need both an
ongoing or documented milk production before figgtand have to be diagnosed pregnant.
Lastly, cows not classified for the final match atlbwed to compete in further preliminary
tournaments within the same year. It's importantntde that the “Batailles de Reines”
tournament does not imply the same ethical probliaiscan arise from traditional dog, cock

or bull fights as it is a bloodless, non-cruel ceon.

60



Data collection and editing

Raw data on the results of fights carried out dysix successive years (2001 to 2006) of the
traditional “Batailles de Reines” contest were edled from the Valle d’Aosta farmer
association (AREV), responsible for the organizatod the battles and for the collection of
fight data. The original data consisted of the ltesof 19,665 fighting matches performed by
7,379 cows in three weight categories, and accduide both preliminary and final
tournaments held in each year. The annual datassts organized in pairs for participants
reporting the winner and the loser of each matdies€ original data were edited and re-
arranged to report, for each cow, the correspongeay-battle for each weight category, the
individual weight at fighting, and the final positi reached within the battle-board. Individual
cows’ records were completed with information abthé herds, the age at the battle (in
years) and the genealogic information. Annual ddtawere joined and data discarded if they
were incomplete or if they belonged to a herd-yekss with only one cow in the
competition. After editing, 16,509 fighting resulislonging to 5,891 cows were retained for

further analysis (datasetl). This dataset cooidain several fight results for the same cow

Table 1. Descriptive statistics on data of “Batailles deiriee” retained in both datasets
produced after data editing and relative to 36@Ikey123 year-battles x 3 weight categories)

and 5,891 cows in all datasets

Iltem Datasetl Dataset2
Records, No. 16,509 10,367
Herd-year classes, No. 2,337 2,182
Participants within year-battle*category, No. 4229 28.1+14.1
Participants within herd-year, No. 7.1£7.0 4.8+3.7
Fighting/cow, No. 2.812.4 1.8+1.0
Age of participant, yr 6.1+£1.7 6.0£1.7
Weight of participant, kg 548161 5444160

- weight category 1 (Heavy), kg 633143 629+42
- weight category 2 (Medium), kg 545420 543+19
- weight category 3 (Light), kg 495+22 492422
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within a particular year. Another dataset (datgsetds created from the previous one,
keeping only the best yearly performances of eaml within a year (10,367 fighting
records) and discarding other performances thatddhtb poorer results. In spite of the non-
random choice of records, dataset2 aimed to tetfhectendency of breeders to bring animals
to more than one tournament when they are noffieatisy cow’s placement (mainly due to
the absence of seeds). Descriptive statistics comgethe two datasets are reported in Table
1. Because there were no changes in the actual eruofibndividual cows included in both
datasets, a single relationship matrix was setompaining all available pedigree information.
As a result, a total of 13,456 animals were rethine the pedigree file for subsequent
analysis. Taking into account the maximum numbegesferations traced for each individual,
an average of 2.3 mean numbers of generations @er were considered. Moreover,
individuals in pedigree referred to 858 sires drdvam artificial and natural insemination

programs, for an average half-sib family size daf@aughters per sire.

Scoring the position in each battle

Because the rank in the battle board has a skewsdbdtion (Mantovani et al., 2007), a

scoring of the position was developed to obtaimlamost normal distribution to be used in the
subsequent analysis. Thus, a dominance index lmasdde results of dyadic interactions of
participants in the tournaments was computed. Hewanlike the previous placement score
(PS; Mantovani et al., 2007), the present one waslated by combining the suggestions
for scoring a place value, as reported by Langip@&34) and modified from Dorofejew and

Dorofejewa (1976), with a relative place numberrgsorted by Bruns (1981) and attributed
to H. Shertler (unpublished data). Both these naghpreviously analyzed by Mantovani et
al. (2007), were derived from a scoring system laicgment for horses in jumping and

dressage competitions. In the present study, thade8unted both for the number of wins
obtained by each cow in a specific tournament,embimg for the number of participants in

the competition (from 16 to 153) and giving a diffiet value to the final match as compared
to the preliminary battles. In synthesis, the P@dde summarized by the following formula:

P S =20+ty+2wi+dx 1)
where P$§ represents the score of cow | in a given tournaneepending on the type of
tournament ty(with ty=0 for i=eliminatory tournaments and tyfat i=final tournament in

Aosta), on the number of wins; wbtained by each animal in the given tournametdgmay
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(with j=0,..., 8) and on a difficulty coefficient dburnament ¢ related to the number of

participants in the tournament-category linkedhe battle-board size (5 classes with k=-2:
>128 patrticipants, -1: 65-128, 0: 33-64, 1. 17-8@8 &: <17 participants, respectively). An
arbitrary constant value of 20 was added to thal fi*S to avoid negative values. Table 2

shows all possible values of PS in preliminary taments applying equation (1).

Table 2. Possible values of Placement Score with the nummbeins achieved by individuals
in parenthesis. All the scores of the final baitieAosta get 7 points of increment from the

depicted values

Position achieved by a participant in battle board

No. of participants
1%t M gigh ghgh ghgeh 17732" 33"64" 65"-128" >129"

0-16 30(4) 28() 26(2) 24(1) 22(0)

17-32 31(5) 29(4) 27(3) 25(2) 23(1) 21(0)

33-64 32(6) 30(5) 28(4) 26(3) 24(2) 22(1) (2P

65-128 33(7) 31(6) 29(5) 27(4) 25(3) 23(2) (2L 19(0)

>128 34(8) 32(7) 30(6) 28(5) 26(4) 24(3) 22( 20(1)  18(0)

®No. of participants: number of contestants in agibattle board within weight category.

Models and analyses

The UNIVARIATE procedure of SAS (SAS Institute, 200wvas applied on datasetl for a
preliminary comparison of the distribution of PQiahe simple individual placement (POS).
A subsequent analysis of variance on non-genetiectsf treated as fixed effect was
performed on each dataset using the GLM proceduBA& (SAS Institute, 2004), aimed at
identifying the magnitude of each possible sourteariation. With the exception of the
breed variety (Chestnut or Black Pied), all nonaeneffects taken into account in the
ANOVA produced a significant effect on the PS (®¢0; data not presented), with a findl R
of 0.45 and 0.50, in datasetl and dataset2, ragplyctThe non genetic factors included in
the genetic analysis were: the effect of the yedild by weight category (YB*C, 123
different year-battles by 3 categories for a tofaB69 levels), the herd-year effect (HY, with
2,337 different levels in datasetl and 2,182 irasktR), the effect of the class of age of
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participants (AC, 7 classes3, 4, 5, 6, 7, 8 and9 years of age at fighting), and the individual
weight as covariate within each weight categoryWb*3 levels). Preliminary ANOVA
indicated that all these factors could be retaimethe final animal model because of no
variance overlapping among them could be detected.
The subsequent analysis aimed at estimating vaiaomponents was carried out with a
single trait animal model (expectation-maximizat®REML method) using the appropriate
program from the BLUPF90 family (Misztal, 2008).thre genetic analysis the comparison of
datasetl and dataset2 was also carried out comgjdgifferent combinations of fixed and
random non-genetic factors other than the randoimanand permanent environmental
effects. Model 1 considered the YB*C and the HYfiaed effects, while models 2 to 4
considered different combinations of YB*C or/and ld¥ random effects. Therefore, the most
complete matrix notation of the models can be esqwé as:

y =Xp +Wiqs + Wado + W3p + Zu + €
wherey is an Nx1 vector of observatiorfsjs the vector of systematic fixed effects of order
p, g:1 is the vector of year-battle*category when con®deas random effect (model 2 and 4),
g2 is the vector of herd-year of order z when congidas random effect (model 3 and @),
is the vector of permanent environmental effectsrdir g,u is the vector of animal effects
with order m, anc is the vector of residual effects. FurthermoteW,, W», W3, andZ are
the corresponding incidence matrices with the gmpaite dimensions.
The assumptions about the structure of (co)variameee, in the model with the greater

number of random factors, as follows:

al [A62 0 0 0 0]
0 Is2 0 0 O
Var|y |=| 0 0 lo;, O 0
h 0 0 0 le2 0

ef] ] 0 0 0 0 Io2

where o2 is the additive genetic variance§ is the permanent environmental variancéis

the YB*C variance (in model 2 and 4y is the HY variance (in model 3 and 4j; is the

random residual variancé, is the numerator relationship matrix, ahi$ the identity matrix.
For all datasets and models investigated heritgb{h’) and repeatability (r) of fighting

ability were estimated as follows:
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Heritability:

he =%
-2
at
Repeatability:
oi+o;
r =
o’

Where o’ is the total phenotypic variance, given by the sofmall estimated variance

components.
Due to software limitations, the standard error€)(Sor heritability estimates were

approximated using the following formula (FalcorE389):

SE., =4 J 2(1- 1+ (k ~ D)2
k(k-1)(s-1)

Where t is the intraclass correlation approximatedf/4) for paternal half-sib estimates, k
is the average number of offspring per sire, angl the number of sires obtained from the
pedigree file.

A comparison between the values of Akaike InforomatCriterion (AIC; Akaike, 1974) was
used to evaluate how well the models fitted in smlénarios (models and datasets) as in
examples provided by Burnham and Anderson (2002).

Rank correlations between estimated breeding vdkBY) in both datasets while only using
the model that showed the best fitting (model 1jen@lso obtained separately for animals
with fighting records (n=5,891) and for their sif@s858) using the CORR procedure of SAS
(SAS Institute, 2004).

RESULTS

The distribution of the placement (P) and placemsridre (PS) obtained applying the

described formula to the complete dataset contgih6509 records retained for analysis are
presented in Figure 1. Placement score was closéretnormal distribution than placement
(P), as the lower Kolmogorov-Smirnov and Andersanring values indicated (data not

shown in tables). Both distributions proved to lkeveed, but PS shows a lower absolute
value of the skewness coefficient as compared(thd5 vs. -1.45 for PS and P, respectively),
still indicating that PS was closer to a normatréhsition than P, as shown in Figure 1.
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Figure 1. Frequency distribution of data retained for thelgtand expressed as Placements
(i.e. final position in the battle board indicatedh white bars on the left) or as Placement
Score (dark grey bars on the right calculated fegmation (1) in Materials and Methods)

used to express fighting ability of each cow tlmatght in a year-battle*category of weight

0.50 T
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0.40 A
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Sartori & Mantovani (Genetics of fighting cows iraMostana breed) — Figure 1

Indeed, the distribution of P is almost totally msyetric (Figure 1). This is due to the fact
that each subsequent position after the winnertla@decond classified animals (which have
the same frequency), presents almost double thqadrey compared to the next position, due
to the structure of the battle board used for frght

Table 3 reports REML estimates obtained with défgérmodels and datasets. The dataset
containing only one annual individual performandatéset2) and the model that accounts for
both YB*C and HY as fixed factors (model 1) gave thest fit to the data, as revealed by the
lower value of AIC (Table 3). Heritability estimateange from 0.068 (model 2, datasetl) to
0.148 (model 3, dataset?). In all cases, the daitagleding only the best yearly performance
of a cow (dataset2) produced greater heritabilyngates. In the analysis that produced the
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best fit (i.e., model 1, dataset 2), heritabilitpsv0.098. The standard error of heritability
estimates was on average 0.043, with a reducee m@angariation among datasets and models
(from 0.042 to 0.044; data not shown). The repeéldtalivas on average 0.24, and ranged
from 0.21 in the model including both YB*C and H¥ eandom factors, to 0.28 when only
HY was considered random. The ratio of the permtacemponent to the total variance was
on average (dataset 1 and 2) 0.138, revealingghtlsligreater magnitude of the permanent
component than the additive genetic component.raihke correlation among breeding values
estimated in the two datasets for model 1 was 0.B&is correlation, when limited to the 858

sires, reached a similar value of 0.924.

Table 3. Variance components, Akaike Information CriterighiC) estimates, heritability

(h?), and repeatability estimates (r) obtained wiffedént models and datasets used

Item Variance componenits

T S S
Model 7
- Dataseti - - 0.591 1.295 5.731 77,615 0.078 0.248
- Dataset? - - 0.752 1.216 5.735 48,380 0.098 0.255
Model 2
- Datasetl 1.236 - 0.609 1.387 5.667 78,818 0.068 .2240
- Dataset2 1.917 - 0.796 1.343 5.605 49,774 0.080 .2210
Model &
- Datasetl - 0.156 0.869 1.014 5.751 85,570 0.112 .2420
- Dataset2 - 0.228 1.190 1.029 5.614 56,431 0.148 .2750
Model 4
- Datasetl 1.489 0.184 0.857 1.085 5.695 86,817 920.0 0.209
- Dataset2 1.995 0.244 1.210 1.113 5.528 57,806 200.1 0.230

! Variance componentsf:cf, =year—batt|e*category,cﬁ =herd-year, c§=additive genetic,cﬁ = permanent

environmental, an&2 =random residual.

2Model 1: YB*C and HY both treated as fixed effects;

®Data set with all performances for each cows, 1%8@ords.

* Data set with the only year best performance &hecow, 10,367 records.
® Model 2: YB*C treated as random and HY treatediasi effect.

® Model 3: YB*C treated as fixed and HY treated asdom effect.

"Model 4: YB*C and HY both treated as random effect
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DISCUSSION

In comparison to our study, other research on bamaninance has been based on the
registration of the results of dyad encounters efmbers within a social group, used for
assigning competitive values to individuals (Deegri1998; Langbein and Puppe, 2004; Val-
Laillet et al., 2008). Agonistic interactions ocang in a group of cows are generally
recorded within a herd during a given period ofetiand plotted to obtain an almost linear
hierarchy (e.g. Beilharz and Zeeb, 1982; Reinhardt., 1986) and a consequent “aggressive
order” (McGlone, 1986). Dominance relationships agndividuals can also be investigated
by forcing animals to engage in dyadic agonisttenactions in standardized environments. A
“competitive order” (Syme, 1974) is thus obtain@tie “Batailles de Reines” represents an
ideal scenario for assessing dominance relatioashimugh a “competitive order” thanks to
its peculiar structure of dyadic agonistic intei@ts between a huge numbers of animals
under the same conditions, although interactionwdsn all the members of a group cannot
be investigated using data from the battles, becafier a defeat an animal is obliged to
withdraw from the contest. Starting from this poarid considering the importance of a
symmetric distribution of fighting results, thisudy has attempted to identify a suitable
scoring system for the fights. With this in mintdetPlacement Score was designed to take
into account the number of wins each animal acliew&hin a tournament (i.e. more
victories, greater score) corrected according ¢onilimber of participants in the tournament (a
large number of participants can give more chariggetiing a win). Moreover, by assigning
a different weight to preliminary tournaments asnpared to the final match, a possible
overlapping of scores is avoided. In addition, diféculty coefficient allows a greater score
to be assigned to matches within small tournamevtisye the probability of fighting against
the final winner or another well-classified cowtla¢ same level of competition is higher due
to the reduced number of opponents. In generaR$eesulted in a fairly normal distribution,
mitigating possible statistical analysis problemse do the asymmetric distribution of the
simple placement in the battle board.

However, further steps in modeling the dyadic ddteBatailles” could be considered in the
future, particularly aiming at correcting the P3 floe strength of the competitor, or using a
model better suited to analyze ranks, such ashimestbnian model (Gianola and Simianer,
2006). Alternatively, the competitor effect maydomounted for in the genetic model, as has

been done in studies on genetic effects in so@hhbwior (Moore et al., 1997; Bijma et al.,
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2007). Possible comparisons of PS with the liteeatre not easy because of the absence of
population studies on fighting ability based onrtmments.

In a pilot study on social dominance in cattle, Sshand Fohrman (1955) observed that age
and weight are important factors associated wihting performances and dominance. Our
results confirm that both age and weight can imfagethe placement score and consequently
the fighting ability of Valdostana cows. Howevar,aur study, we attempted to identify also
possible factors related to the specific contestamh fight (year-battle*category; YB*C), and
with the behavioral background of individuals bejory to different herds, that could be
mirrored by the herd-year (HY) effect. With regacdthe YB*C effect, it tells us exactly
which challenge an individual took part in, allogirfor the adjustment of a cow’s
performance based on the performances of the ptmticipants in the same battle contest.
Moreover, the HY effect is aimed at reflecting thighin-herd social hierarchy and fighting
background that can change over the years dueriatioa in herd composition and that can
influence the individual's perception of its owngliting ability and thus fighting
performances. In the present study, the data steieind the reduced size of half sib families
(6.1 daughters/sire) could have biased the gepat@meter estimates, although it is not easy
to quantify the exact amount of such biases. Oplessible biases could be due to the non-
random choice of records in dataset2, i.e., ratginly the best yearly cow’s performance.
This could inflate the heritability estimates. Howwg the generally low heritability estimated
in our study is in agreement with literature valudstained for other behavioral traits
(Hohenboken, 1986; Mousseau and Roff, 1987), rifig@a strong behavioral plasticity that
allows individuals to adapt to varying environmentderitability estimates for social
dominance ranged from 0.07 (Dickson et al., 19@0d).40 (Beilharz et al., 1966) in Holstein
dairy cattle. Genetic evaluations carried out oarggjic performances of fighting bulls (i.e.,
Lidia cattle breed), revealed a heritability of @.for bullfighting in a Colombian herd
(Gonzales Caicedo et al., 1994), and around 0.88ganish bullfights (Silva et al., 2006). A
preliminary estimation of heritability for fightingbility was also obtained by analyzing
traditional tournaments for Hérens cows in Swited (Plusquellec, 2001 he scoring
method applied to evaluate fighting performancemecdrom the ranking applied in horse
competitions (Tavernier, 1991), and the heritapistimate was 0.045.

Behaviour typically includes several different eowvimental factors (i.e. learning, social
interactions) as well as a genetic component. ildtudy the values of repeatability obtained

indicates that environmental effects are predominéth respect to additive components.
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This could be due to the kind of phenotype measuvdich is modeled by previous

experiences with other counterparts and mainlyrcsmbat adult age.

The correlation between ranks of estimated breedatges derived from an analysis of the
two different datasets shows only small changeanimal ranking, indicating substantial
uniformity among datasets, in spite of possibleresgmates of heritability due to the non
random choice of records in dataset2. Therefonegtyeindexes derived from this study may
led to possible application for selection. As a terabf fact, the knowledge of genetic
components in behavioral traits could be imporfantdeveloping strategies to genetically
modulate behavior expressions, as has already tbeea for docility in Limousine cattle

(Phocas et al., 2006). Future studies accountinglfernative scoring methods or different
models, as eventual genetic correlation betweeraetr and productive traits, could be

useful for better understanding fighting abilitydaits role in animal welfare and management.

CONCLUSIONS

This study indicates that genetic evaluation ardctien for fighting behavior are possible,
although the proportion of additive genetic compur@ the trait is low. However, this is in
agreement with the heritability estimates for othelnavioral traits, especially when related to
social dominance and fighting. The proposed plac¢énseore obtained from battle board
seems a possible way to express phenotypic valefsilufor genetic evaluation and also to

address selection for fighting ability.
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“Conspecifics rivals are an

environmental contingency
that can itself evolve”
(West-Eberard, 1979)



ABSTRACT - Genetic studies of social behaviour have culyeeteived new impetus from
recent models including the indirect genetic efeptovided by social partners, assessed
through different approaches. This study is aimeédinaestigating the contribution of
conspecifics in the genetics of social dominandefirét, the possibility of accounting for the
social partner either within phenotype or direatithe model as indirect genetic effects was
considered. Subsequently, the incidence of bothctliand associative variance components
affecting social interactions was evaluated throtigtrarchical models. Social dominance
was assessed in terms of fighting ability, scoredng bloodless tournaments among alpine
cows belonging to Aosta Chestnut and Pie Black dweés alternative phenotypes, an
individual placement score and an equivalent sttmaeconsiders competitor strength. Model
comparison showed that introducing indirect genetiiects led to better estimates (i.e., lower
values of AIC) than applying classical quantitatmedels or including the opponent in the
phenotype. Heritability estimates for fighting atyilranged between 0.01 and 0.09, with
generally lower values when both genetic and enmrental associative variances were
included. Associative genetic variance driven kdiriect genetic effects was greater than the
direct genetic component, whereas the introduaifoassociative environmental components
seemed to trigger problems in variance estimatidren again, models including indirect
genetic effects were confirmed as the most suitaseurce in investigating social traits.

Keywords: IGESs, social dominance, fighting ability, cowsiantitative genetics
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INTRODUCTION

Genetic investigation of behavioral traits are gality complicated by the strong influence of
the environment (Boake et al., 2002), and studiesaxial behavior (i.e., social dominance)
are made more intricate because of interactingipegtthat are both the action and reaction of
focal behavior (i.e., “interacting phenotypes”; Meoet al., 1997). A mathematical
representation of this theory was given by Moorealef1997), who introduced the concept of
“indirect genetic effects” (IGEs) as the genetictpa the individual phenotype due to the
contribution of interacting social partners. An eattative but equivalent approach for
modeling social behavior via quantitative genetieas recently proposed by Muir and
Schinckel (2002) and by Bijma et al. (2007a), deggosng an animal’s genotype as the sum
of direct and social components due to all inteémgctonspecifics. The advantages of such
models are the possible inclusion of both diread associative permanent environmental
components and the use of a single phenotype (Mth{éi and Brodie Ill, 2009). This could
be particularly interesting to evaluate the geseticsocial dominance that is characterized by
fights in which both contestants can equally extdioiminant and submissive postures, which
could dramatically complicate the genetic analysibey were treated as different traits. In
this perspective, summarizing social dominance wmne single phenotype, reflecting the
potential social skill of one individual, may petnain easier analysis. Fighting ability (or
resource holding power, Parker, 1974) is a goomnagtr of social dominance, reflecting
different abilities to acquire resources in thesprece of others (i.e., to compete; Hawley,
1999). Genetic investigations of fighting abilitg an indicator of social dominance have
already been carried out on data of traditionaldmbf bulls (Gonzales-Calceido et al., 1994;
Silva et al., 2006) and cows (Plusquellec, 2001;ntdeani et al., 2007; Sartori and
Mantovani, 2010). All evaluations were carried wiat classical quantitative models, as in the
other species in which the genetics of social damie has been investigated (i.e., Japanese
Quail, Nol et al., 2006; Bank Vole, Horne and YIlond998). A new perspective in these
studies could be represented by the use of IGEs htve already been taken into account for
fighting traits in Cockroach (Moore et al., 2002daViouse (Wilson et al., 2009). As further
development of the previous work on cow fightingigb(Sartori and Mantovani, 2010), the
present study is aimed at investigating additicatdrnatives to the genetic analysis of the
trait, including IGEs. Specifically, the objective$ the study were i) to compare genetic

investigation of fighting ability carried out withtraditional genetic model or with alternative
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models that consider the contestants strength redbea phenotype or as a IGE; ii) to
investigate the magnitude of the competitor effealetermining the phenotype of the focal

individual, and iii) to quantify the incidence @BEs on social dominance.

MATERIALS AND METHODS

Subject of the study and dataset

Data available were the results of the traditiopaltle contest organized annually by the
farmer organizations within the Aosta region (nestbst of Italy) as a revival of the agonistic
interactions that naturally occur at pasture. Twimehthonous and genetically related breeds
(Aosta Chestnut and Aosta Pie Black) are involvedthe battle contest, for which an
exhaustive description has been given elsewherent@ani et al, 2007, Sartori and
Mantovani, 2010). Briefly, the competitions congig20 preliminary tournaments per year in
which the cows competing are divided into threeghkicategories and engage in duels
wherein the winner is allowed to proceed furtheithe challenge and the loser leaves the
contest. The battle board has no seeds and thesuostssful cows during the preliminary
tournaments take part in the annual final competitiEach cow is allowed to compete in
more than one preliminary tournament within a ydar.the course of a tournament an
individual can engage up to seven encounters déepga the number of participants (from
16 to 150 competitors within category).

The dataset analyzed in the present study wasasitoilthat used in a previous study (Sartori
and Mantovani, 2010), consisting of six successwars of battle contests (from 2001 to
2006). The raw data on dyad encounters were editeldorganized to obtain for each cow
within a given year-battle by category (YBxC): tmember of wins or the final level of battle
board reached (0 for final encounter, 1 for semadi etc.); the number of participants in each
YBXC; the number of competitors for each cow inBX€ and their identity in a progressive
order from higher to lower level of the battle liha©ther information recovered was the
herds to which cows belonged at the moment of #itel) the age and weight at fight and the
genealogical information for each cow. As comparedhe previous dataset (Sartori and
Mantovani, 2010), animals were allowed to enterghesent dataset if their opponents were
known and if they were recognized as opponentsiwracows (i.e., some problems in data

collection produced missing or wrong data). Afteistediting, a dataset of 15,273 individual
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records belonging to 5,236 cows was retained f@udlsequent analysis. The total number of
animals in the pedigree file recovered from theelezs’ database was 12,476. Table 1

summarizes these and other descriptive statisirahé final dataset analyzed.

Table 1. Descriptive statistics on the final dataset froBatailles de Reines” retained for

analysis and relative to 369 year-battle x catedewrgls (123 year-battle x 3 BW categories)

ltem Value
No. of records 15,067
No. of participants 5,236
No. of participants within year-battle x category 0.8+ 23.5
No. of herd-year classes 2,337
No. of participants within herd-year 42+34
No. of tournaments/cow 2924
No. of matches within tournament/cow 2514
No. of competitors/cow 19+£1.2
No. of animals in the pedigree file 12,476
Age of participant, years 6.2+ 1.7
Body weight of participant, kg 549 + 63
Body weight category, kg

1 (heavy) 633 £ 44

2 (medium) 544 + 20

3 (light) 494 + 23

Phenotypes used

The main phenotypic record considered was the sentkat analytically described in Sartori
and Mantovani (2009 and 2010), where fighting &bilvas expressed as an individual
placement score (PS) reflecting the position reddhethe each participant as a function of
the tournament size and the wins, differentiatimg preliminary battles from the annual final
match, but not accounting for the strength of thpament. The PS (i.e., an example of social
dominance index assessed through a competitive asdm Syme, 1974) could be expressed

by the following formula:
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PSi =20 +ty + 2w + d, 1)

where P§ is the score of cow | in a given tournament, delpemnon the type of tournament,
ty; (with ty = O for i elimination tournaments andzy7 for i final tournament in Aosta); on
the number of wins ()vobtained by each animal in the given tournamategory (with j = 0,
..., 8); and on a tournament difficulty coefficiewk) related to the number of participants in
the tournament category linked to the size of tattld board [5 classes, with k = -2 (>128
participants), -1 (65 to 128 participants), 0 (8364 participants), 1 (17 to 32 participants),
and 2 (<17 participants), respectively].
An alternative phenotype used in the present sivalya scoring system aimed at considering
the opponent strength; therefore, a competitivegrteent score (CPS, Sartori and Mantovani,
2009) was calculated accounting individually foe l6PS of the last opponent of a cow, as
expression of rivals’ strength. In this case th&@Buld be expressed as:

CPS =500 + ty- 2l + 2d, - (500 - CP&;), (2)
where CP& is the score of cow | in a tournament, dependimghe type of tournament,;ty
(with ty = O for i heats and ty = 50 for i finalummament in Aosta); on the level of the battle
achieved by each cow;)(lin the given tournament category (with j = O foral, j = 1 for
semi-final and so on up to j = 8); on a tournamdifficulty coefficient (d) related to the
number of participants and equal to that reportedli; and CPg that represents the
competitive placement score of the last opponetitdt cow | faced in the given tournament

and category.

Models and comparison

The first step of the comparison was carried oubragré different models considering: i) a
classical quantitative genetic model expressing filgating ability as PS and without
contribution of the opponent (M1; Sartori and Masoi, 2010); ii) a model considering CPS
instead of PS, in order to account for the compesitrength directly in the phenotype (M2);
iii) a model including the opponent as IGE and gy the PS as phenotype (M3); and iv) a
model as in iii) but using CPS as phenotype (M4halikses of IGEs were carried out
applying the competitive model as in Arangbal. (2005), originally implemented by Muir
and Schinckel (2002). The “variance partitioningpiegach” of Bijmaet al. (2007a) was
adopted. Subsequently, a deeper investigation efagponent contribution in the IGEs

analysis was carried out through a different gartihg of the phenotypic variance following
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suggestions obtained from recent literatures (Aoagical, 2005; Muir, 2005; Van Vleck and

Cassady, 2005; Chest al, 2008; Wilsonet al, 2009). Six further models were therefore
developed accounting differently for the permanamid associative components. The
progressive complexity of models started from apdgmrepeatability model accounting only
for the direct permanent environment of individugheated measures (M5). The M5 model
was then made more complex with the addition ofgaemanent environment provided by
the conspecifics (M6), the further inclusion of ttieect additive component (M7), followed

by the associative variance component (M8). Aimingcheck any possible shift of the
permanent environmental variance, two further modmnsidering either just the direct
genetic variance (M9) or both direct and assoaatenetic components (M10) as random
factors (i.e., without permanent environment) wesasidered. Table 2 gives an overview of

the different models compared in the study.

Table 2. Overview of the different models, phenotype andarare components (other than

the random residual) considered in the study.

Phenotyp€’ Variance componerits
Model PS CPS P 2 Pco 2] 23aco
M1 v v v
M2 v v v
M3 v v v
M4 v v v
M5 v v
M6 v v
M7 v v v
M8 y v v v
M9 v v
M10 v v v

WPS is a placement score and CPS a competitive miattescore accounting for the strength of the oppbn
directly at phenotypic level

@py, is the random permanent environmental eff&gt;, is the random associative permanent environmental
effect due to the interacting conspecifics, ia the random direct additive genetic effect, &ad, is the
associative genetic component (i.e., IGE).
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With regard to fixed effects included in the tefffetent models, results of the preliminary
ANOVA reported in Sartori and Mantovani (2010) weanfirmed also in the present study.
Therefore, the non-genetic fixed effects accouritedwere: the day of tournament within
weight category (YBXC or year-battle per categdr®3 year-battles by 3 categories), the
herd-year effect (HY, 2,429 levels), the age clasdecows (AC, 7 levels3, 4, 5, 6, 7, 8 and
>9 years of age at fighting), and the individual gieias covariate within C.
In matrix notation, the most complete model adojted, M8) could be written as follows:

y = Xp + Wppp + Wcpce + Zpap + Zcac + €
wherey is an Nx1 vector of observatiorfss the vector of systematic fixed effects of order
P, po is the vector of permanent environmental effeéterder g when repeated phenotypes
are usedpc is the vector of permanent environmental effects/ided by the conspecifics
with the same order gfp, ap is the vector of animal effects with order aa,is the vector of
the associative variance component with the samer @sap, ande is the vector of residual
effects. FurthermoreX, Wp, W¢, Zp andZ¢ are the corresponding incidence matrices with
the appropriate dimensions.

The assumptions about the structures of (co)vagiamnthe most complete model were:

fap| [Ac2 0 0 0 0]
ac 0 As; 0O 0 O
Vipp|=| 0 0 lsg, 0 0],
Pc 0 0 0 sy O
el | O 0 0 0 lol

where ch is the direct additive genetic varianaﬁC the associative genetic variane%b
the direct permanent environmental variarm@c, the permanent environmental variance due

to conspecifics,cgthe residual variancéd, the numerator relationship matrix aridan

identity matrix. It should be noted that due to t@desence of a close relationship among
animals the off diagonals were not taken into ant@und in all models where conspecifics
effects were considered, both Mgnd Va were obtained as described by Arargal. (2005)
multiplying the estimated component by the averagaber of competitors (n=1.9; Tablel).
All analyses have been carried out applying the BEBEML method (expectation
maximization-restricted maximum likelihood) to angle trait animal model using the

appropriate program of the BLUPF90 family as sofeM@Misztal, 2008).
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Models were compared using the Akaike Informatioite@on (AIC; Akaike, 1974), and the

Bayesian Information Criterion (BIC; Schwarz, 1973dditional comparisons had been
carried on using PSB (Percentage Square BiasesafflliSchaeffer 1987) and MAD (Mean
Absolute Deviation (Schildcrout and Heagerty 200&thods. However, we decided to retain

at the en only AIC and BIC as the most informateehniques.
Heritability estimates and standard error

Depending on the variance components estimatetereift heritability () values were
calculated and compared for the ten models analy&éxn direct additive variance was the
only estimate, a direct?hwas obtained by dividing \daby the sum of all other variance
components. In the same way, associative gendii@gnee was computed as the ratio between
Vac and all the other variances. When both direct, \&ad associative \favariance
components were accounted in the model, both difgcassociative f and total heritability
(h* = K, + K were obtained. Standard errors (SE) for heritgbiestimates were
approximated using the formula of Falconer (1989):

SE;; = 4\/ 20- )7L+ (k-
k(k -1)(s-1)

where t is the intraclass correlation approximatgdtf/4) for paternal half-sib estimates, k is

the mean number of offspring per sire, and s isithmaber of sires obtained from the pedigree
file.

Repeatability (r) and the evolvability (GVexpressed by the coefficient of additive genetic
variation; Houle, 1992) were also obtained. Repmitlg as always, considered all estimated
variance components at numerator and all compon@ussthe residual at denominator. On

the other hand, evolvability was computed as:

CV, =100/c2 /X,

where CV\4 includes both direct and associative genetic magavhen assessed ands the
average fighting ability phenotype

Spearman rank-order correlations using the proc RCEAS Institute, 2004) between EBVs
obtained with different models were also obtainedniodel comparison.
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Table 3.Model fitting parameters (x £J) variance components and parameters estimatéférent models

Model Fitting Variance Componerits Genetic parameters

AIC  BIC Voo Vee Vo Va Ve h ho hfe SE i r CVa
M1 69.86 69.88 1.26 0.59 5.91 0.076 0.076 0.042 0.239 3.335
M2 1249 125.0 86.20 13.50 564.0 0.020 0.020 .04® 0.150 0.783
M3 34.86 34.89 0.03 0.01 014 149 0.091 0.008 0.083 0.043 .10 1.688
M4 102.2 102.3 20.17 285 055 377.0 0.008 0.0070.001 0.040 0.059 0.393
M5 64.45 64.46 1.66 5.99 0.217
M6 45.81 45.84 0.10 7.40 1.45 0.838
M7 51.81 51.84 0.04 7.40 0.06 1.46 0.006 0.006 0.040 0.837 131.0
M8 25.20 25.23 0.03 0.15 0.01 0.01 1.46 0.012 0.008 0.004 0.0400.119 0.621
M9 69.92 69.93 1.95 6.02 0.245 0.245 0.047 0.245 6.055
M10 34.86 34.88 0.03 0.18 1.50 0.100 0.018 0.082 0.043 0.100 2.77

TAIC is the Akaike Information Criterion (Akaike, 78), and the BIC the Bayesian Information Criter{fSchwarz, 1978)

¥ Vpp is direct permanent environmental varianceg 6 the associative permanent environmental vagiaigy is the direct additive genetic variance,c\s the
associative additive genetic variance ands\the residual variance.
h? is the overall heritability, % is the direct heritability and?h is the associative heritability, SE Is the standard error of heritability (Falcone®8):, r is the
repeatability and Cyis the evolvability, or the coefficient of addigi\genetic variation (Houle, 1992)



RESULTS

Model comparison

The goodness of fit statistics derived from thelitkood function (Table 3), indicates a wide
variability for both AIC and BIC values, which raed) from 124,987 (M2), to 25,196 (M8)
and from 125,010 (M2), to 25,234 (M8), respectivelyne rank of different models with
regard to both AIC and BIC parameters was almastlai, with lowest values, i.e., better
fitting, for the model with the highest number @rlance components to be estimated. With
the only exception of M2 and M4, i.e., models basedCPS, that always showed the worst
fitting, the number of estimated variance composeénfluenced the AIC and BIC values.
When the PS was used as phenotype, the introdustithre competitor effect as IGE led to a
better model fitting than using direct permanert/anadditive variance components only. As
a matter of fact, including both associative enwinental and genetic factors led to the lowest
values of AIC and BIC (M8); on the other hand, awag any IGE with PS phenotype (M5,
M1 and M9), resulted in the worst (i.e., highesiEAand BIC.

Estimated variance components

Direct permanent environmental and genetic variswestimated with M1 were respectively
16% and 8% of the total phenotypic variance (T&bdnd Figure 1), leading to a heritability
of 0.076 and a repeatability that was threefolchéig(i.e., 0.239; Table 3). Heritability and
repeatability of the fighting ability noticeably creased in the model including the same
variance components but considering the conspeaifithin the phenotype (M2), reaching
the values of 0.020 and 0.150, respectively. Thigleh revealed an increase in the residual
variance estimates as compared to M1 (from 76%6%;3-igure 1). When conspecifics were
included in the model as associative genetic corapbfi.e., IGEs, M3 and M4) an even
greater increase of the residual variance was weder(89 and 94% for M3 and M4,
respectively; Figure 1), associated with a reductiothe permanent environmental variance
(2 and 5% for M3 and M4, respectively; Figure hattled to an estimated heritability of
0.091 and 0.008, for M3 and M4, respectively (Té®)leThe conspecific contribution in M3
was eight-fold greater than the direct additive porent, (i.e., 8% of the total variability;

Figure 1), whereas I n M4 it was nil. When manent environmental or additive genetic
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Figure 1. Partitioning of variances estimated with ten d#éf@ models considered in the

study.

0% 20% 40% 60% B0% 100%

BVp, mVp, Ve, @Va, 0OVe

Vi is direct permanent environmental variance,c s the associative permanent
environmental variance, oy is the direct additive genetic variance, \fs the associative
additive genetic variance and M the residual variance.

components were estimated alone (M5 and M9), tleepunted for almost all the variance
previously partitioned between direct additive genand permanent environment as in M1,
with an incidence of residual variance similar ttattobtained in M1 (78 vs. 76 vs. 76% for
M5, M9, and M1, respectively, Figure 1). Howevarn, M9 the genetic component was
inflated, as can be seen in the heritability vathat reached 0.245 (Table 3). When
accounting for an indirect permanent environmeotahponent without IGE (M6 and M7),
there was a shift of a notable part of the variadndbe associative component, gathering 83%
of the whole and leaving only 16% for the residualiance (Figure 1). The main difference
between M6 and M7 was a shift of 1% of the direxti®nmental variance to the direct
genetic component, leading to a heritability ofyo@l006 in M7 (Table 3). Due to such great
influence from the permanent environment, the rigieigty for both M6 and M7 was about
0.84, i.e. the greatest values obtained. The iotton of the IGE component in the most

complete model (M8), produced a reduction of alinested variances, with an incidence of
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2% and 9% for direct and associative environmeggpectively (Figure 1), and only 1% of
incidence for the direct genetic component. As asequence, total heritability reached the
very small value of 0.012, with a repeatability®i119 (Table 3). Considering M10, i.e., a
model with only genetic components, the heritapiifas close to that in M1 and M3 (Table
3), due to the shift of the permanent componetheaesidual variance. Standard errors of the
heritability estimates were similar across the nigdanging from 0.040 to 0.047 (Table 3).
With regard to the coefficient of variation of atide variance (i.e., C¥), the general low
values of heritability estimates was also assodiatigh low evolvability values. The lowest
evolvabilities were for M8 and M4 (Table 3), i.empdels with lowest incidence of genetic
variance. On the other hand, models with the gstateidence of genetic variance (M1 and

M9) showed the greatest evolvability value (Table 3

Correlations among Estimated Breeding Values (EBVSs)

A strong correlation existed within the same typenodel (i.e., accounting for IGEs or not;
M1 vs. M2 and M3 vs. M4) when the same phenotyps used, i.e. PS for M1 and M2, and
CPS for M3 and M4, respectively (Table 4). On tligeo hand, rankings between estimated
breeding values (EVBSs) proved to be low to mode(atan 0.435 to 0.523; Table 4) when
models were complicated adding the associativetgpecemponent (IGE) as in M3 and M4
as compared to M1 and M2 (i.e., values may be t&teby the low levels of heritability).
With regard to other comparisons carried out carsag only the PS as phenotype, the
greatest coefficient of correlations were obtainechparing M1 and M9 (0.996; Table 4), i.e.,
models that did not consider any associative compprand comparing M3, M8 and M10
(from 0.996 to 0.999; Table 4), i.e., within mod#iat accounted for all direct and associative
genetic components. Like the previous across mawlalysis, the comparison among models
that differed for the presence or not of a assmaatomponents, produced low coefficients of
correlation between EBVs, indicating great changethe ranking of animals (Table 4). In
particular, the greatest changes occurred compd&Bgs from M3 with EBVs from M7
(0.316 of correlation) or comparing M7 with M10 3@2 of correlation). In both cases, the
IGE was changed with an associative permanent @mviental component. However, also
the comparison of EBVs from M7 and M8 produced380.coefficient of correlation, due in
this case to the inclusion of both IGEs and theo@ative permanent environmental

component.
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Table 4. Spearman rank-order correlation coefficients ambBBYs obtained with some of
the different model compared in the study (all Gomnts were significantly different from 0

for P < 0.001)

Model

Model: M2 M3 M4 M7 M8 M9 M10
M1 0.823 0.524 0.482 0.600 0.524 0.924 0.532
M2 0.435 0.470 - - - -
M3 0.962 0.316 0.997 0.615 0.999
M4 - - -
M7 0.331 0.554 0.322
M8 0.615 0.996
M9 0.623

DISCUSSION

The first part of this study was aimed at evaluatsocial dominance comparing genetic
models without the opponent (M1) to models thabaated for the competitors either within
the phenotype (M2) or within the model (M3), i.as IGEs. The comparisons of estimated
variance components and model fitting statisticefiomed the results of Sartori and
Mantovani (2009), where the introduction of the petitor in the score (i.e., Competitive
Placement Score or CPS) provided a worse fit to dbta compared to the classical
quantitative models and models with IGEs. This dobé due to the remarkable rise of
phenotypic variability introduced by accounting fitle opponent, increasing the residual
variance compared to the genetic and permanent @oemps. Goodness of fit criteria (i.e.,
AIC and BIC) indicated that including the opponevithin the model as IGE (i.e., M3)
provided a better model fit. On the other hand,NM¥emodel aimed to detect the magnitude
of the opponents effect when included both as piypeoand IGEs, underestimates the
genetic competitor effect, as the low associatigretic variance indicates. As indicated by
some recent literature accounting for IGEs (Araegal, 2005; Van Vlecket al, 2007),
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comparisons carried out on M1-M4 lack the asso@gbermanent environmental component
due to the opponent. This was introduced in subm@gmodels following the suggestions
given by Wilsoret al. (2009). The introduction of the associative enwnent in M6 and M7
exaggeratedly inflated the permanent environmewsalance. Accounting for associative
genetics in M8 brought the explained variance backnore reliable values, although the
magnitude of the associative component proved tlmweas in the estimated heritability, in
spite of a consistency with literature on cow figgt ability (Plusquellec, 2001). It is
important to note that the overestimation of then@ent environment effect observed with
M6 and M7 due to the introduction of an associateenponent, could also be reflected in
M8, with a coverage of some part of associative egenvariance. Recent literature
investigating IGEs in social behaviors generallyrfd similar or greater associative genetic
variances compared to the direct component (Araaigd., 2005; Wilson et al., 2009). As a
consequence, this model could be considered tlolstane for genetic estimation of fighting
ability in cattle thanks also to a demonstratedebehodel fitting. However, in a recent work
of Bijma and Wade (2008) on average daily gainigs pproblems in assessing associative
permanent environmental components have been egh@tich problems could be related to
associative components that may introduce hiddeahiaty, i.e., not captured by the single
phenotype, but that need to be considered throbghwthole interaction within a group.
Indeed, the inclusion of the pen and of the lidteEconspecifics as random environment into
the recent genetic models based on the partiticrmofnce and developed for livestock (Van
Vleck and Cassady, 2005; Bergsma et al., 20089stattthe great weight of the group of
conspecifics as a source of variation. In suchrageetive, a suitable alternative could be the
model accounting for IGEs but not for the assoesmfpermanent environment (i.e., M3),
exhibiting a good fitting and quotes of varianca&gstent with literature. Moreover, similar
values of heritability estimates have been alrefadyd for fighting ability in Heréns cattle
(Plusquellec, 2001), closely related to Aosta Qigsand Black Pie cattle. The recent wave
of applied studies investigating social traitsiwvestock has provided important contributions
both in theoretical concerns (i.e., the relatedradsmteracting conspecifics, Cheng et al.,
2009) and in operative examples (i.e., survivahéms, Ellen et al., 2008). All these studies
followed the partitioning variance approach propbbkg Bijma et al. (2007b), also applied in
our current study. Due to their economic relevartke, most analyzed traits have been the
average daily gain, widely studied in pigs (Cheralet 2008), in bulls (Van Vleck et al.,
2007), chicks (Van der Waaij et al., 2010) and @@ddus morhuaMonsen et al., 2010), and
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survival, a crucial factor in poultry and pig farriduir, 2005; Roehe et al., 2010). Some
other studies also focused on traits with indireconomic relevance, such as infectious
diseases (Lipschutz-Powell et al., 2010). All thesadies involved non-behavioral traits
affected by the social contest, that can be in@udehe first of the three types of interacting
phenotypes that Moore et al. (1997) theorized.uchgype, only one trait is affected by the
interaction. On the other hand, social dominanaktharefore fighting ability may mostly be
considered as a second type interaction (i.e.aié itr the focal individual that influences
another trait in the opponent and vice versa),esite dominant postures of a contestant
induces submissive postures in the opponent (Ma&brel., 1997). In this perspective,
accounting for just one phenotype as the sum othallinteractions occurring among two
conspecifics, as in the present study, could leagroblems in identifying the respective
genetic contributions of focal individual and irgeting partner. On the other hand,
partitioning social dominance into several compaserould lead to underestimation or
overestimation of the variance components invohasdell as problems in data collection
and analysis which could arise from the huge amotidata required. A partitioning variance
based approach for assessing social traits retatddminance has recently been carried out
by Wilson et al. (2009), whereas the dissertatibrMoore et al. (2002) and the relative
operative example based on cockroachHeauphoeta cineréafollowed the approach of
interacting phenotypes. Such an approach has shselhuseful in genetic investigations for
complex social interactions arising from the cdnition of many different traits, such as
courtship (Miller and Moore, 2007; Chenoweth et, &010; Snook et al.,, 2010) and
cooperation (Charmantier et al., 2007; Bijma andd&/&2008). All these studies provided
important evolutionary explanations of social dymasraccounting for IGEs, expanding the
first dissertations of heritability estimations aedolutionary changes involving interacting
phenotypes described by Wolf et al. (1998). Conogrsocial dominance, the current study
has quantified a low heritability of the trait bebnsistent with the other behavioral traits
investigated either with the classical quantitatiwedels (Mosseau and Roff, 1987) or IGEs
approaches (Wilson et al., 2009). Thus, a resptmselection in terms of evolvability (i.e.,
coefficient of additive variation), also proved lie achievable in an IGE model, as already
carried out for sexual conflict (Moore and Pizza6005). Social dominance exhibits a general
low evolvability, but it was probably due to theostg magnitude of environmental incidence.
A remarkable contribution in genetic studies iniggging such a complex scenario can be

provided by the already mentioned artificial satactcarried out on livestock, thanks to the
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large population sizes, the complex pedigrees dral richness of information about
individuals that are generally available. In theygpective, the current study of cow fighting
ability even attests how resources coming from ahibmeeding can be a powerful tool in
investigating a crucial aspect of living in groupss is social dominance. Moreover,
concerning the fighting behaviour in Aosta Chestaod Pie Black cattle, a well-performed
selection for social dominance may avoid undestrablfects such as decreased milk
production or reduced fertility that could followselection for masculine traits related to
agonistic activities, such as aggressiveness oeased body size. Actually, accounting for
IGEs in animal breeding allows selection to moveaywrom the customary genetic
improvement when necessary, leading to results ¢hat prove to be crucial in terms of

animal welfare.

CONCLUSIONS

Social dominance has recently been studied in graipcattle through the assessment of
fighting ability during traditional competitions @&osta Chestnut and Pie Black cows. Thus,
an investigation of the role of the conspecificsha genetic inference of such social traits has
been possible, and the comparison performed betwmslels accounting for the opponents
either in the phenotype or within the model asrecti genetic effects has attested that the best
estimations are obtained when the social partnéiréstly included within the genetic model.
Moreover, both associative genetics and associativeonment play a role as contributors of
conspecifics, but the introduction of the lattethin the model leads to overestimations of
permanent environmental variance. Finally, the ysesd performed shed light on a level of

heritability for fighting ability that is low, bugufficient for driving evolutionary changes.
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"The harmful effects of close inbreeding
have been noticed for many centuries”
(Charlesworth and Charlesworth, 1987)



ABSTRACT: - Aosta Black Pied (ABP) and Aosta Chestnut (A8 dual-purpose cattle
autochthonous of West Alps and famous for a strtmmgperament revived in traditional
competitions. The present study aimed to investigiae influence of inbreeding on breeding
values for fighting ability achieved on participenData (n=23,998) of 8,259 cows competing
in years 2001-2009 were analysed to find out bregdalues for the trait. A placement score
was chosen as phenotype for fighting ability anthlzoclassical quantitative model (M1) and
its implementation accounting also for indirect gigneffects (M2) were analyzed using EN-
REML method. A heritability of about 8% was thudimated via REML method, and
positive variations of the breeding values (EBVsgeroyears (+2.1%l/year for ABP and
+3.1%/year for AC) were observed despite a lackadéction for fighting ability. A genetic
analysis carried on pedigree data of all animals o years 1990-2009 (19,554 and 87,967
records for ABP and AC, respectively) showed amease of inbreeding over years. The
trend resulted greater for ABP (+0.06%/year) thanAC (+0.03%/year) populations, that
presented also a grater mean inbreeding (F=2.96%0s. 1.01+1.02% for ABP and AC,
respectively) and mean average relatedness amodiyidmals (AR=1.22+1.02% vs.
AR=0.431£0.29% for ABP and AC, respectively; datdemeng to 2009 born). Including
alternatively F or AR within the genetic model theritability estimates for FA did not
change, although they were both significant in pheliminary ANOVA. Moreover, linear
analyses carried on the 33 major lineages to winobkt of participants belonged (n=6,087)
revealed an overall negative trend of EBVs as m@djeethe increment of either F (b = -21.3,
P<0.01) or AR (b =-50.1P=0.001). Hence, there seems to be an inbreedingsEpn also

in the behavioural trait of both ABP and AC catiled its knowledge should be relevant for

breeding management.

Key words: Fighting Ability, Inbreeding, Average Relatedne@siantitative genetics
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INTRODUCTION

Inbreeding is the result of mating among relativdsch is associated to an increase in
homozygosity (Jacquard, 1975). It can be quantifigdthe coefficient of inbreeding F,
defined as the probability that two alleles at boys in an individual are identical by descent
to a base population (Wright, 1922; Malécot, 1988coner and Mackay, 1996; Lynch and
Walsh, 1998). Inbreeding has usually deleteriodsces on offspring fitness, leading to a
reduction in the mean phenotypic performances @ra&ic and Mackay, 1996). This
depression due to inbreeding may be mainly accdulotetwo different causes reviewed by
Wright (1977): 1) the overdominance hypothesis,|l@rmg that heterozygotes loci are
superior in fitness than the homozygotes, and 2) dominance hypothesis, assuming
recessive or partially recessive deleterious affetialleles in homozygosis condition.
Assortative mating among relatives may occur botthe wild, primarily when a reduction in
population size happens, and in domesticated asjmdiere selection is routinely applied
and only the best-selected individuals are allowechate (Kristensen and Sgrensen, 2005).
Negative effects of inbreeding have been well doented in nature, as well as in laboratory
experiments and in animal and plant breeding mestiCharlesworth and Charlesworth,
1987; Crnokrak and Roff, 1999; Kristensen and Ssaen 2005). The magnitude of
inbreeding depression varies among populationsciespesettings and traits (Keller and
Waller, 2002), and even the presence of diverseders may affect inbreeding coefficients in
lineages of offspring (Miglior et al., 1994; Lacy &., 1996). Inbreeding effects commonly
reveal to be greater in traits related to fitnelde-kistory traits; i.e., viability, survival,
fecundity, longevity) than in morphological traitss body weight or muscularity, that are less
involved in fitness (Falconer and Mackay, 1996; be®and Roff, 1999). Examples of life-
history and morphological traits affected by inlulieg have been accounted both in wild and
selected populations (i.e., Keller, 1998; Slatalgt2000; Sewalem et al., 2006; McParland et
al., 2008), and they have been estimated eitheugfr quantitative analysis on long-term
pedigrees or measuring internal relatedness bytigemarkers (Keller and Waller, 2002).
Some evidences of inbreeding depression have beevgmized also for behaviour, in
particular within traits under sexual selectionnagle courtship or female choice, that are
closely related to fitness (Cheng et al., 1985:-A&mkola et al., 2009; Bohlund et al., 2010).
Incidence of inbreeding varies within different belours, revealing as small or lacking on

traits such as temperament (Burrow, 1998; McParktnal., 2007), or noteworthy on traits
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that are relevant in disputes over resources, asa@ggressiveness or fighting ability (Tiira et
al., 2003; Valiméki et al., 2007). Effects of magtiamong relatives on fighting ability have
been demonstrated both in laboratory and fieldistu(Eklund 1996; Hoffman et al., 2004;
valimaki et al., 2007), but not in livestock. Conuag cattle, negative inbreeding effects
have been already observed for milk productiontiligr survival, growth traits and
temperament (i.e., Burrow, 1998; Smith et al., 29%8&walem et al., 2006; McParland et al.,
2007).

The recent studies on breeding values for fightibidjity carried on fighting cattle breeds (i.e.,
Aosta Chestnut and Aosta Black Pied; Mantovani.e2807; Sartori and Mantovani, 2010),
could represent a interesting sources of datarfeestigating the effects of inbreeding on
competitiveness in a livestock species.

Thus, the present study has aimed to evaluatenel)ewvel of inbreeding in Aosta Chestnut
and Pie Black cattle population, and 2) the inctdeof inbreeding level on fighting ability
within the same population. As outcome of this gfucends of both inbreeding and fighting

ability have been taken into account and discussed.

MATERIALS AND METHODS

Data of fighting performances have been attaindidviing the guidelines that the farmer
association responsible for the battle organizatmovided. These guidelines are in

agreement with the Italian legislation on animakca

Subject of the study

Aosta Black Pied (ABP) and Aosta Chestnut (AC) rargtic cattle autochthonous of Italian
Western Alps and constituting, together with thes#aoRed Pied, the “Valdostana Breeds”.
Managed into the same herd book, ABP and AC araraggly bred in order to preserve the
main traits of the population and the typical coatbur, spotted black and white in ABP, and
shading from dark chestnut into bright in AC. The tvarieties seem also to have different
origins: ABP can be ascribed to an lllyrian popiolatcoming from North European (FAO,

2011), whereas AC may be traced back to a groupma$s Heréns cattle that crossed Alps
(Del Bo et al.,, 2001). The two varieties constifutegether with the local Aosta Red Pied

cattle and the Swiss breeds Heréns and Evolenepreophyletic group of Western Alps
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populations (Dal Bo et al., 2001). The two ABP &fd breeds exhibit different population
sizes, as herd book told in 2010: a total of 22 @flfviduals, made up by 11,958 cows, 147
bulls and 10,752 calves were ascribed to AC pojuatvhereas ABP comprehended 1,394
individuals, including 745 cows, 645 calves andyahbulls. Both breeds are not endangered
(FAO, 2011), but the scarce number of individualABP needs to be monitored. The breed
suffered a strong reduction of the population ie 960s, due to the substitution by more
productive cosmopolitan breeds. On the other hA@dhas received noteworthy contribution
from Heréns lineage over time, in order to enhaheepeculiar attitude to fight exhibited in
traditional competitions. Both AC and ABP have beswolved for centuries in
manifestations called “Batailles de Reines”, airteecevive the hierarchical disputes naturally
occurring at pasture. Thus, hundreds of cows pgradacarried into a grass arena and engage
knock-out battles in couples contending the title “Queen of the year”. A detailed
description of traditional cow battles has beeready provided (Sartori and Mantovani,
2010). Briefly, 21 days of competitions take plawery years, and participants are involved
in three contemporary tournaments by weight categoows are accepted into more than one
tournament per year, although only pregnant cowsdiin Aosta region and belonging only
to the two ABP and AC populations are allowed tdipgate. Despite the strong interest that
both farmers and tourists have on battles, seledtiofighting ability has been only empirical
till now. A study started in 2007 (Mantovani et,&007) and carried out over years (Sartori
and Mantovani 2009, Sartori and Mantovani, 201@ynptted to assign a phenotypic value
for fighting ability and to estimate genetic paraems and merit indexes. Now, the
introduction of fighting ability within the aggregagenetic index of the breed currently
comprehending the two genetic indexes of milk amgeularity is incoming.

Data description

Data belonging to nine subsequent years of bg2i@31-2009) were collected by the farmer
association organizing the challengemis de Reingsand thus provided by the regional
farmer associations (AREV). Additional informatiabout pedigree and herds came from the
national breeder association (ANABoRaVa) and tlggoreal farmer association, respectively.
Raw data were edited as in Sartori and Mantovadil@® and an amount of 23,998 records
belonging to 8,259 participants and related to 24 @nimals in the pedigree was retained for
the further analyses. Among participants, 791 cbglenged to ABP population, whereas AC

accounted for 7,468 members. A total of 79 foundgees, animals without any known
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ancestors and each one precursor of distinct lesagave been identified for the 6,245
participants possessing at least one known pabDmHcriptive statistics about battle dataset
are provided in Table 1.

Pedigree information on 27,638 ABP and 106,061 Adividuals were extracted from the

Valdostana breeds herd book. Purebred animals aegireed as individuals with both parents

as purebreds, and they were recognized as the%8)8the considered ABP population and
98,86% of the AC members. Data were available sir®6® and since 1961 for AB and AC,

respectively. Pedigree information are availabl&able 2.

TABLE 1. Descriptive statistics on the final datasem “Batailles de Reines” retained for

analysis and related to 558 year-battle x catetpmsis.

Item Value
No. of records 23,998
No. of animals in the pedigree file 17,224
No. of participants 8,259
No. of Aosta Black Pied cattle 791
No. of Aosta Chestnut cattle 7,468
No. of known fathers of participants 1,156
No. of participants within year-battle x category 43.0+£235
No. of herd-year classes 3,667
No. of participants within herd-year 6.5+£6.3
No. of founders 79
No. of participants with founder (i.e., known pasn 6,245
No. of participants ascribing to the same founders 79.1+175.6
No. of tournaments/cow 29125
No. of matches within tournament/cow 25+14
No. of competitors/cow 19+1.2
Age of participant, years 58+15
Body weight (BW) of participant, kg 553 £+ 63
1st BW category (heavy), kg 639 +44
2 BW category (medium), kg 547 £ 20
3 BW category (light), kg 497 £ 22
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TABLE 2. Pedigree information of Aosta Black PieddaAosta Chestnut cattle and data

retained for population analyses. Pedigree refaoekligust, 2010 update.

Aosta Black Pied

Whole pedigree: 133,699 individuals Aosta Chestnut (AC)

(ABP)
Individuals retained for analysis 27,638 106,061
tI:ruereecl]lo)red individuals (i.e., both parents belonginthe same 27.184 104.854
-males 7,764 42,737
-females 19,420 62,117
Year from which data are available 1960 1961
Year from which individuals are inbred 1978 1986
Average animals per birth yéar 4,398+1,266 4,398+1,266
-males 1,9974951 1,9974951
-females 2,4024340 2,4024340

®Referred to individuals born in years 1990-2009

Statistical analyses

Phenotypic values for fighting ability have beesessed as in Sartori and Mantovani (2010),
assigning an individual placement score (PS) to pgkedormance that a cow had in a
tournament. PS could be expressed by the subseipueniia:

PSik=20+ty+2w;+dy 1)
where P§ is the score of cow | in a given tournament, duethe type of tournament;ty
(with ty=0 for i=eliminatory tournaments and ty=@rfi=final competition), the number of
wins w that an animal obtained in the tournament-categobrfpught (j=0,..., 8) and a
difficulty coefficient d related to the battle-board size (5 classes witl:k>128 participants,
-1: 65-128, 0: 33-64, 1: 17-32 and 2: <17 partiniparespectively).
Individual inbreeding coefficients (F) were caldeld through a recursive algorithm written in
Microsoft Fortran language (Microsoft Corporatid94) and assigning the yearly average
inbreeding coefficients computed in the previoesation as starting values for missing data.
Individual inbreeding coefficients revealed hightprrelated (r=0.93,P<0.001; Pearson
correlation, CORR procedure; SAS Institute, 2004hwhe same estimates carried out

through an alternative approach (Gutiérrez and Guy2005). This second way permitted to
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assess individual coefficients of average relatsslf@R; Goyache et al., 2003), expressing
the contribution of an individual within the pedgr as the probability that an allele chosen
from the whole population by chance belongs to thaget animal. The mean inbreeding
coefficient of a population is a common measurisoevel of homozygosis. Average kinship
coefficients (i.e., F and AR) have been estimatedbhrticipants at battles as well as for the
whole population (i.e., data belonging to the lasenty years, 1990-2009). Moreover,
average estimates were also assessed by sex au$.bhe order to quantify the similarity
among the kinship parameters, a Pearson productemooorrelation analysis (Correlation
procedure; SAS Institute, 2004) was performed antoagd AR.

Aiming to investigate the eventual relations amdigiting ability and inbreeding, the
following analyses have been carried out: i) a tenevaluation for fighting ability
accounting for inbreeding coefficients or not; @&h assessment of the genetic trend on
individual values (EBVs) for fighting ability betwa participants to battles; iii) an estimation
of the yearly trend for inbreeding coefficient izatl on the whole pedigree for both Aosta
Black Pied or Aosta Chestnut; iv) an investigatadrhow EBVs for fighting ability vary in

relation to inbreeding and among lineages of déffiéfounders.

1) Genetic evaluation for fighting ability accoumg for F or not

The investigation was carried out among differenbdeis accounting for inbreeding
coefficients or not; as starting models, a classicantitative genetic model (M1) was built
following Sartori and Mantovani (2010), and a genetodel (M2) including an associative
genetic variance as indirect genetic effect (IGEQoké et al., 1997; Arango et al., 2005;
Bijma et al., 2007) was developed from M1. This elocbrresponded to one of the models
(i.e., M3) on which a recent work aimed to inveategIGEs on fighting ability has reasoned
about (Sartori and Mantovamn, submissioh As random effects, both of the models included
the permanent environment due to the repeated measuats on individuals arising from
different battles and a direct additive genetic ponent came up from pedigree, as well as
the residual variance. Following Sartori and Maatuv(2010), fixed effects accounted for
were: the day of tournament within weight categdfxC or year-battle per category, 558
levels ascribing to 3 weight categories), the hexdr (HY, 3,667 levels), the ages of cows,
divided in classes (AC, 7 levels3, 4, 5, 6, 7, 8 and9 years of age at fights), and the

individual weight as covariate within C. The two dets (i.e., M1 and M2) were thus
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implemented with the inbreeding coefficient F altdively considered as (M3 ad M4)
covariate within breed (.o, 2 levels of d, corresponding to the two ABP ar@)for (M5
and M6) grouped into 7 classes (Feith Fc=0, 0<Fc<3.125, 3.125c<6.25, 6.28Fc<12.5,
12.5<Fc<18.25, 18.28~c<25.0, and Fe25.0%) as in other analogous studies (i.e., Sewalem
et al.,, 2006). Preliminary analyses of variance QAM\S; GLM procedure; SAS Institute,
2004) were carried on the fixed factors either aered without inbreeding coefficient, or
including F alternatively as covariate by breed®class (see above).
The most complete model adopted (i.e., accountorgiridirect genetic effects and for
inbreeding coefficient) could be written via matnatation as follows:

y=Xp+Wp + Zpap + Zcac + € (2)
wherey is an Nx1 vector of observatiorfsjs the vector of systematic fixed factors of order
p, p is the vector of permanent environmental factofsomer q due to the repeated
phenotypesap is the vector of animal effects with order m (i.direct additive genetic
variance),ac is the vector of the associative variance compondi the same order ag,
ande is the vector of residual effects. FurthermoteW, Zp andZ¢ are the related incidence
matrices with the proper dimensions. The resul@sgumptions about the structures of

(co)variance were:

a,| (A2 0 0 O
Vv ac | _ 0 Aoic 0 0

p 0 0 lIs2 O]

e/ [ O 0 0 IsZ

where ch is the direct additive genetic varian(zé,c the associative genetic varianeg, the

permanent environmental variance (i.e., direct mamdcomponent)sgthe residual

varianceA the numerator relationship matrix ahdan identity matrix. The absence of close

relationships (i.e., full-sibs or half-sibs consgifies) justified the lack of off diagonals-values,

whereasc;_,

when considered, was obtained multiplying theesssd component by the
average number of competitors (n=1.9; Table 5)inadrango et al. (2005). Pearson and
Spearman correlations (Correlation Procedure; S#sHtlite, 2004) were performed among
the estimated variance components by type of m@ae] either classical quantitative model

or model also accounting for IGEs). This analysaswarried out in reason to quantify the
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eventual differences in genetic estimations dueth®e introduction of the inbreeding
coefficient. A further model (M7) was developednirahe classic quantitative one (i.e., M1)
introducing, instead of F, the average relatednessparticipants covariate by breed
(do*AR ) as alternative measure of individual homozigosiypreliminary ANOVA was
carried out also including AR among the fixed fastdAn overview of all considered models
is offered in Table 3. Genetic analyses were peréar using the EM-REML method
(expectation maximization-restricted maximum likelod) that the BLUPF90 family of
software (Misztal, 2008) provided. Models accougtior IGEs were written following the
“variance partitioning approach” of Bijmet al. (2007) and analyzed through a competitive
model as illustrated in Arango et al. (2005). THeake Information Criterion (AIC; Akaike,

1974) was thus applied in order to compare thergézenodels.

TABLE 3. Overview of the diverse models, phenotyfiged and random factors (i.e.,

variance components) considered in the study.

Phenotype Fixed factor® Random factor§

Yijkimn p YB*Cj HYy AC, b*W.; di*Fmoe FG  do*AR g Pn & 2Zay Sjmn
M1 v N N A VoA v
M2 v N N A VooV
M3 Y S e A L VoA v
M4 v S e A L VAN
M5 v N N A Y VoA v
M6 v N N A v VAN
M7 v N N A v VoA v

2pPlacement Score, or PS (as in Sartori and Mantp2aii0);® p=overall mean; YBC,=year-battle*category of
weight, 558 levelsHY=herd-year, 3,667 levels; A€lass of ages, 7 levels;*¥/ ;=individual weight, as
covariate by category of weight;*& .= inbreeding coefficient as covariate by breed=Elass of inbreeding;
d.*AR ..= average relatedness coefficient as covariaterdgdy” p,=permanent environment,=alirect additive
genetics, @= associative genetic component (i.e., IGE), apg.eresidual term.

According to Sartori and Mantovansubmittedl, genetic parameters estimated were: i) the

overall heritability (), computed either dividingsgD by the sum of all other variance

components (i.e., when direct additive variance thasonly genetic estimate), or summing
both direct and associative heritabilities ¢h i, + I, ii) standard errors (SE*hfor

heritability estimates, and iii) repeatability. Bat heritability was assessed dividiﬁQD by
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the other variance components too, whereas asseclatritability due to conspecifics (i.e.,

IGEs) was computed as the ratio betwevécnand the other variances. SEvrere assessed as

in Falconer (1989):

S%zmﬁzuﬂf”+“‘ﬂf
k(k -1)(s-1)

where t is the intraclass correlation estimateqH4) for paternal half-sibs, k is the average
number of offspring per sire, and s is the numbesires in the pedigree file. Repeatability
accounted for all estimated variance componentaiaterator and all components including
the residual at denominator (Lessels and Boag,)1987

In order to avoid an overcrowding of analyses antiog for the same parameters but
assessed thorough different ways, all the followmgestigations just referred to the EBVs
for fighting ability quantified via classical quaative analysis (i.e., M1).

i) Genetic trend of EBVs for fighting ability

A genetic trend for fighting ability was assessed & linear regression (Standard and
Regression procedures, SAS Institute, 2004) orydlagly average EBVs of participants born
in the decade 1997-2006. Such range of data hasdesen aiming both to depict a portray
of variation in EBVs within a determined time intel (i.e., a decade), as well as to take into
account a reasonable amount of data (n=63+x45 amR7/210 for ABP and AC,
respectively). Expressed in matrix notation, thggession model was the following:
y=Xp+e 3)
wherey is an Nx1 vector of observations, i.e., the avef@aBV of fighting ability by yearp
is the vector of fixed effects, here embodied kg birth year, an@ the vector of residuals.
Moreover,X is the design matrix of regressors relating theepleions td.
EBVs of fighting ability arose from the genetic aation of the trait on the classical
quantitative model not accounting for either F d® As fixed factors (i.e., M1, see below)

performed via EM-REML analysis as previously dedsedi.
iii) Kinship coefficients variations over time
Genetic trends of F and AR estimates were comphted for ABP and AC on the yearly

average coefficients belonging to individuals borrthe last two decades (i.e., from 1990 to
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2009) and included in the herd book. Linear regoessoefficients for traits variation over
year were obtained applying a regression analy®egiession procedures; SAS Institute,
2004) as (2). The average number of animals by bjgar retained for the analyses was
978+307 among ABP cattle and 4398+1266 among AC,af total of 19,554 ABP and
87,967 AC individuals.

iv) Estimation of inbreeding effect on fightingldp in cows grouped by founder

In order to appreciate how the EBVs for fightingligo vary in relation to the increase in
homozigosity (quantified by the two parameters & AR), the effects of kinship on fighting
ability were investigated through a linear regressanalysis (Regression procedure, SAS
Institute, 2004). The matrix notation for the tvimelar models (i.e., either accounting for F or
AR) was still as (2), but considering the avera@/©Bf participants grouped by founders as
trait, and the mean kinship coefficient (i.e., erttF or AR) as covariated fixed effect.
Founders were defined as individuals without anyegje relationships with other individuals
in the pedigree other than their heirs (Gulisijaaket 2006), and thus assumed as lacking in
inbreeding. The significance of the incidence @ tblated founder on individual kinship was
previously assessed via linear model analysis diaty either AR or F as trait and both
individual breed (i.e., ABP or AC) and birth yeas well as the identity of the founder, as
fixed factors (lata not shown Founders of fighting cattle were attained usangecursive
procedure on the pedigree of fighting cows (i.&,724 records) and detecting the father lines
of participants. Furthermore, only lineages witheatst 10 fighting cows as offspring were
retained for the analysis. Thus, resulting datesasisted in a whole of 33 dynasties, most of
them including both ABP and AC individuals (i.eyedto some crosses among breeds over
generations). Lineages accounted for a total d@®articipants (184+235 heir fighting cows

per line, with a minimum of 10 and a maximum of4iL 1.

RESULTS

Mean inbreeding values for the participants of lbattlivided per breed (i.e., Aosta Black
Pied or Aosta Chestnut cattle) are reported in @&plas well as the amount of animals in
each inbreeding class, assessed both among pantisipnd within the two populations by

sex. Population data considered only the animats bo the last two decades of the™0
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century (i.e., 1990-2009), as reference dataset falsthe further analyses on populations.
This sub dataset was chosen instead of the compéstigree in order to avoid any matter
about asymmetries in pedigree depth (GutierrezGoyghche, 2005) among the two ABP and
AC cattle pedigree. Thus, average values of kinghai@ameters estimated on fighting cattle
(n=791 and n=7,468 in ABP and AC, respectively)vatmb a significant difference among the
two population as preliminary analysis suggested@rocedure, SAS Institute, 200data
not showi Thus, the average inbreeding coefficient amongPAfighting cattle was
2.73%£1.32%, whereas average F of AC participans@®@1+1.68. AR estimates followed the
same tendency, with values of 0.85+0.73 for ABP amtD+0.29 for AC fighters. Results
agreed with literature, where a greater averagerdmgosity within population for ABP has
been already attested (Del Bo et al., 2001). Mahreeding coefficients of dams assessed in
the whole population resembled fighters paramedstisnates, as well as sires values did (see
Table 3). Population structure by classes of intiregrevealed that about 80% of individuals
in ABP cattle, and more than 90% in AC exhibit zeleof inbreeding inferior to 3.125%, but
greater than zero. Fighting cows data and pedigfeemation show a similar structure in the
distribution of inbreeding among classes, probahlg to the fact that the two pedigrees
account for same-aged individuals (i.e., averagh lyears of fighting cows: 199943 in ABP
and 2000+3 in AC; average birth years within popala pedigree: 199915 in ABP and
200115 in AC). Moreover, the distribution in classef F revealed that females exhibit a
general lower level of inbreeding in ABP (F<3.125%80.85% of ABP females vs. 77.22%
in males), whereas levels are similar in AC (F<8%2n 80.85% of ABP females vs. 77.22%
in males). In addition, all ABP males are inbred.(ilack of F=0), whereas in AC non inbred
females are about 2.5% more than males. Both @dsrare however lacking in very highly
inbred individuals, among females as well as ammiades (F>25% in 10% of ABP and in
11% of AC individuals). Concerning average relatsin coefficient estimates among
fighting cattle and both sexes in the whole popoitatesulted as similar (see Table 4).

Due to the different genetic meaning of the twoapagters, the correlation among individual
F and AR computed on both breeds and types of elafas., fighting cows or whole
population) revealed scarce or not significant (260 Correlation procedure, SAS Institute,
2004). About genetic estimates of fighting abilégd the incidence of inbreeding on such
behavioural trait, the results of the performed |lgses are reported in the following

paragraphs.
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TABLE 4. Percentage of animals in each inbreedilagscand average kinship parameters
(mean+ standard deviation). Kinship parameters accouatedinbreeding (F) and average
relatedness (AR). Fighting cows (a) and the wholeutation by sex (b, ¢) are accounted into
the table. Information are separately referred ¢stA Black Pied (ABP) and Aosta Chestnut
(AC) cattle. Population data concerned animals borgears 1990-2009. Pedigree update:
August, 2010.

Classes of inbreeding, Fighting cows (in %) Population (in %)
(F, %) ABP AC ABP AC

Females Males Females Males
F=0 0.00 2.30 0.02 0 4.25 1.76
0<F<3.125 80.78 94.00 80.83 77.22 92.61 95.66
3.125<F<6.25 17.07 1.71 16.27 19.25 1.39 1.18
6.25<F<12.5 1.64 1.18 1.98 3.00 1.04 0.86
12.5<F<18.75 0.51 0.63 0.76 0.51 0.58 0.44
18.75<F<25 0.00 0.12 0 0 0.08 0.05
F>25 0.00 0.05 0.14 0.01 0.04 0.05
Average F (%) 273+132 0.81+168 2.74+1.78 2.86+152 0.77+1.56 0.84+1.39
Average AR (%) 0.85+0.73 0.40+0.29 1.03+0.77 1.00+0.86 0.34+0.31 0.39+0.29
No. individuals 791 7,468 12,697 6,857 48,037 39,930

i) Genetic evaluation for fighting ability accaimg for F or not

An overview of the genetic analyses carried oufiginting cows data is provided in Table 5.
Here, models are grouped by type of analysis, either classical quantitative or including
indirect genetic effects (i.e., associative commbneConsiderations about the effect of the
introduction of kinship components within the gen@bodel have been separately carried out
for the two types of model; an investigation on théerent ways to perform a genetic
analysis on social traits (i.e., if accounting f&Es or not) has been already achieved in a
previous study (Sartori and Mantovasybmittedl. In both types of models, the inbreeding
coefficient was introduced as covariate by bregtHgo,, M3 and M4), as well as class (Fc
M5 and M6). The average relatedness coefficientldes only considered as covariate by
breed (¢*ARmo, M7) into a classical quantitative model because thest part of
considerations concerning F are also suitable fBr Moreover, eventual classes of AR

should have been different from inbreeding clasdas, to the diverse variability of the two
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coefficients. Previous studies carried on fightoaws have already evaluated what fixed
factors (apart kinship coefficients) could provithe best fits for fighting ability genetic
estimations (i.e., Sartori and Mantovani, 2010kliRrinary ANOVAs on models including
kinship revealed that also F and AR have a sigmifieffect on phenotype, both when they
are considered as class categories or as cova(@té€s,.. F=9.61,P<0.001; Fg. F=4.53,
P<0.001; ¢*ARmo F=7.76,P<0.001). Comparing the coefficients of determinat{e?), all
models (i.e., including kinship or not) exhibitesngar estimates, with a value of about
45.5% On the other hand, kinship components didpnoduce relevant changes in genetic
parameters estimates, both when they were inclidedlassical quantitative models as well
as into models with IGEs. The introduction of FAR as covariate trigged a small shift of
additive genetic variance into the permanent emwrent, leading to a little reduction in
heritability (i.e., from 8.3+3.6% to 8.0+3.6%), dgiitly greater with F. After classical
guantitative analyses, heritability estimates wamilar (M1, M3, and M7) and consistent
with previous estimations $h7.8+4.2%; Sartori and Mantovani, 2016=1.6+4.3%; Sartori
and Mantovanisubmitted. On the other hand, the introduction of F as<l&s; M5) led to a
shift of the permanent environmental variance ithe additive genetic and residual
components, producing an increase in heritabili§=10+3.7%). Accounting for social
effects (i.e., IGEs; M2, M4 and M6), heritabilitgtanates were the same among different
models, with a level of 12+3.7% in all cases, ideld the model with Fc. The previous
evaluation of fighting ability through an analogolBEs model (Sartori and Mantovani,
submittedl reported a slightly lower value (9.0+4.3%). Camieg repeatability estimates,
they almost did not vary with kinship, as well ascordingly with literature, they attested
around 21% in classical quantitative models and IB¥Es ones, with slightly lower values
in both models with Fc. Model comparison via AlGimaites (Akaike, 1974), confirmed that
models fit better when associative components apoumted (i.e., lower values produce
better fits; see Table 5 and Sartori and Mantovaubmitted. Moreover, comparisons within
type of model revealed that including F as clasgag$ offered better fits. In addition, the
introduction of F provided a better fitting as respto AR (M3 vs. M7; AlIC=111,046.05 and
111,048.26 for F and AR, respectively). Howevettiny differences were small, and
reasonably not so relevant. As a matter of factarten and Spearman correlations
(Correlation procedure, SAS, 2004) carried on EBYd4ype of model always reached levels
of 99.9% with a great statistical significance (F3; data not shown in table). EBVs for

fighting ability achieved with M1 where thus retathfor the following analyses. In addition
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to what has been explained above (see materialsatitbds), such estimates were preferred
to IGEs results because they don’t require to baptted as sum of two components (i.e.,

direct and associative ones) but they just ariz@ fREML analyses.

TABLE 5. Model fitting parameters, variance compatise and parameters estimates in

different models. The average number of competjerdfighting cows is n = 1.886.

Fitting Variance Components Genetic parametefs
Model . . 5 .

AlC # G, O a os h? b e SER  rep.

Classical quantitative models
M1 ¢ 111,057.37 1.025 0.632 5.973 0.083 0.083 0.036 0.217
M3 ¢ 111,046.05 1.042 0.608 5.973 0.080 0.080 0.036 0.216
M5 f 108,452.07 0.844 0.761 6.024 0.100 0.100 0.037 0.210
M7 9 111,048.26 1.041 0.610 5.972 0.080 0.080 0.036 0.217
Models including indirect genetic effects

M2 ¢ 89,123.07 0.019 0.015 0.178 1.401 0.120 0.009 0.110 0.037 0.131
M4 © 89,123.31 0.019 0.015 0.178 1.401 0.120 0.010 0.110 0.037 0.131
M6 87,318.22 0.011 0.016 0.174 1.411 0.120 0.010 0.108 0.037 0.125

3 Akaike Information Criterion (AIC; Akaike, 1974} 0‘2) = permanent environmental variance (i.e., direct

component),ch = direct additive genetic variancs,gc = associative additive genetic variance (adjusted b

the number of competitorsbé = residual variance® h? = overall heritability; R, = direct heritability; A =

associative heritability; SE?l standard error of heritability (Falconer, 198@). = repeatability’ Models not
accounting fokinship within the fixed factors: Models including the inbreeding F as covariatebbged (i.e.,
do*Fmo); ' Models including the inbreeding F as class (Fe,); ¢ Models including the average relatedness
coefficient AR as covariate by breed (i@&*AR.o)-

i) Genetic trend of EBVs for fighting ability

A genetic trend for fighting ability was appraiss&ddying the variations of EBVs for the trait
over years. The time interval 1997-2006 was chasemder to retain a defined period (i.e., a
decade), and to select a consistent number ofwdghén years and as respect to the whole
dataset of participants (n=633 ABP cows, 80% ofttital fighting cattle; 6,272 AC cows,
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84% of the total). Thus, regression analyses (Stah@nd Regression procedures; SAS
Institute, 2004) permitted to estimate the inciden€ the time on fighting ability as linear
regression coefficient (b). Such coefficient attdsa positive trend of average annual EBVs
both in ABP and in AC. The rate was greater in AS+3.1%/yearP<0.001) in comparison
with ABP cows (b=+2.1%/yeaP<0.01), resembling the different fame of the twaetzes in
the traditional competitions. As a matter of facgreater competitiveness, as well as overall
better results achieved in tournaments, are comynattiibutable to AC breed, generally
preferred by farmers for competitions. Hence, ayer&BVs for fighting ability in
participants reveal as greater in AC cows, confignevaluations that farmers have been
assessed just empirically till now (mean EBV in ABIS2+0.31, and in AC=0.78+0.38;
n=8,259 participants).

Figure 1. Annual trend of estimated breeding valli3Vs) for fighting ability estimated on
individual data of fighting cows born in the decati@97-2006. Number of participants
considered: 6,905 cows. Average number of partntgoper year of born: Aosta Black Pied,
63.31£44.9; Aosta Chestnut, 627.2+210.2.
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iif) Kinship coefficients variations over time

Average values of kinship coefficients have beeeaaly provided above (see the first lines of
materials and methods). The trends in inbreedinhauerage relatedness for the two breeds
are shown in Figure 2 and Figure 3, respectively.gfaphs suggest, the increase in kinship
parameters was linear for F as well as for AR bontAosta Black Pied and Aosta Chestnut
breeds. In the course of the time, mean inbreedingABP population shifted from
1.75+1.28% (i.e., in 1990), to 2.96+0.80% (i.e.2009), whereas F values in AC varied from
0.21+1.28% to 1.01+1.02%. Linear regression analy§@egression procedures; SAS
Institute, 2004) carried on year coefficients iradéd an overall increase in inbreeding levels
within both AB and AC populations, revealing astéasn ABP (b = +0.06%/yeaP<0.001)
than in AC (b = +0.03%/yeaP<0.001), according to the smaller population sizABP.

Figure 2. Inbreeding trends in Aosta Black Pied PABand Aosta Chestnut (AC) cattle.
Average inbreeding coefficients were computed anwinole population data accounted in
the pedigree and referred to individual born in lést two decades (i.e., 1990-2009). A total
of 19,554 ABP and 87,967 AC individuals were coastdl. Average number of animals per

year of born: Aosta Black Pied, 977.7+307.3; Ad3teestnut, 4,398.3+1,265.9.
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Figure 3. Average relatedness (AR) trends of A&tk Pied (ABP) and Aosta Chestnut
(AC) populations. Coefficients were computed on thkole pedigree and referred to
individual born in years 1990-2009 (i.e., the sahEigure 2).
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Such level of inbreeding rate could reveal probligeia ABP, since it is greater than the
conventional threshold (F = 0.06%) above whom &dbiie considered as endangered (FAO,
2011). The average relatedness changes over tiloevéal the same shape of F, attesting in
both breeds an overall increase in both paramdters 1990 to 2009: AR varied from
0.60+1.28% to 1.22+1.02% in ABP, and from 0.26+063® 0.43+0.29% in AC cattle. As
well as in inbreeding estimates, mean AR valuesewgeater in ABP as respect to AC
population, as well as the rate of increase infamehts over years (b=+0.05%/ye&x0.001

in ABP; b=+0.01%/year;P<0.001 in AC). Despite their different meaning, &lhship
coefficients are able to sum up some aspects ofilabpn dynamics as variation in size,

assortative mating or migration that are able fecathe genetic structure of a population.
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Figure 4. Genetic values (EBVs) for fighting alyilin lineages of fighting cows plotted on
the associated Average relatedness (AR) and inimg€H) coefficients. All parameters have
been assessed as mean individual estimates. Tidenge of kinship (F and AR) is expressed
by the coefficient of linear regression (b) compluterough linear regression analysis. The
statistical significance of the regression analysialso showed in the graph. Data refer to
lineages including a minimum of 10 participantdadties (No. lineages = 33; No individuals
= 6,087). Due to a partial introgression amongdges over years, data are not segregated by
breed (i.e., ABP and AC).
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iv) Estimation of inbreeding effect on fightingld in cows grouped by founder

The last analysis of this work aimed to investigatey possible incidence of kinship on
fighting ability. Lineages of cows clustered by holers permitted to obtain groups
homogenous in kinship parameters and suitablediwhang eventual differences in F and AR
among different groups. Linear regression analy§egression procedure, SAS Institute,
2004) performed either using F or AR as covariate fighting ability breeding values,
revealed a significant relation among EBVs and tpsfor both inbreeding (b= -21.3,
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P<0.01) and average relatedness (b= -5@40.001). Slopes of regression line (b) well
quantify the incidence of kinship on fighting atyiliResults of both analyses are portrayed in
Figure 4, in reason to depict the different inciceerof the two kinship parameters on the
behavioural trait. As figure describes, fightingiliép genetic values resulted negatively
affected by both F and AR (i.e., inbreeding depogssn the trait). Moreover, increments in
AR have resulted to exert a greater negative effiedEBVs, as the greater value of b attests.
Separate analyses for the two breeds have not pedarmed because a segregation of
founders by breed is almost not possible. In aoldjtipreliminary mixed model analyses
(Mixed procedure, SAS Institute, 2004) carried lo@ Wwhole dataset of fighting cows and also
accounting for founders as category were not abtietect the incidence of kinship in EBVs,
(data not shown) probably be due to the data streciAs interesting, the negative relation
among combativeness and kinship is well reflectethle famous differences among the two
breeds, one smaller in population size, as wethase inbred and worse fighter (i.e., Aosta
Black Pied) and the other one with very excellemtestants, as well as less inbred (also a
reasonable number of parents is still unknown) bigdjer in population dimension. The
appraised inbreeding depression on a behaviowaialpirovides a very interesting subject for
reasoning around inbreeding incidence and its negaffect on different traits, as depicted in

the following discussion over results.

DISCUSSION

Increments in homozygosis may involve either chanigealleles frequencies (i.e., due to
genetic drift or mutation) or redistributions ofnggypes (as after assortative mating), both
phenomena leading to inbreeding depression (KatidrWaller, 2002). Natural and livestock

populations may incur in one or both situationgsttialling in a reductions in fithess and

general performances (Charlesworth and Charleswd®87; Kristensen and Sgrensen,
2005). Due to the occurrence of strong assortaiagng for genetic improvement (i.e., as in
many cosmopolitan breeds) or strong reductionsojpufation size (in autochthonous rustic
breeds), various cattle populations suffer an iediregy depression for some productive or
functional traits (Burrow, 1993; Smith et al., 199Beculiar traits of breeds, and selection
over years for enhancing specific attitudes, hiedeto different situations of inbreeding

depression, affecting either milk production anldtexl parameters (i.e., somatic cells, protein

and fat percentages) or meat and body conformattosits when either dairy or beef cattle
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were involved. Among dairy cattle, reductions inkmwield performances have been already
assessed in both Holstein and Jersey breeds fdfenedit countries (i.e., Canada: Miglior and
Burnside, 1995; USA: Gulisija et al., 2006; IreladdcParland et al., 2007; South Africa:
Maiwashe et al., 2008; Iran: Rokouei et al., 20Bdnilarly, the decreases in traits as meat
and carcass quality or growth rate have been mdstind out in beef cattle breeds as
Alentejana (Carolino and Gama, 2008), Charolais RdMtand et al., 2008), Hereford
(McParland et al., 2008), Nellore (Santana et 2010), and Piedmontese (Fioretti et al.,
2002). Moreover, a notable incidence of kinshiditness performances has been generally
assessed for traits as reproduction (i.e., Sargbah, 2010) or survival (i.e., Thompson et al.,
2000). Inbreeding depression has been well deteadtadfor some physiological aspects as
the adaptation to harsh environments (i.e., Burebval., 1998). Concerning behaviour, the
effects of kinship on temperament have been alr@gadstigated, finding out either cases of
significant influence of F on the trait or not (j.Burrow et al., 1998; McParland et al., 2007,
respectively; see also the introduction paragraph).

Aosta Black Pied and Aosta Chestnut breeds, asaselhe other fighting cattle of diverse
countries, are unique among cattle due to the itapoe of behaviour in breed management,
even if selection is empirical and not the outcoofeplanned breeding programmes.
Moreover, behaviour is the most difficult trait @rich to perform a genetic investigation,
mainly due to a strong plasticity and a complexygehic architecture (Plomin, 1990).
Genetic analyses carried on fighting ability intieabore out that the overall heritability of the
trait resulted not such influenced by inbreedingjdence, as attested by the similar levels of
heritability, estimated through different modelluding kinship (i.e., F or AR; see also
Table 5). However, analysis carried out on an highenetic level (i.e., on lineages of
founders; Lacy, 1996) have permitted to disclose dbcurrence of a negative incidence of
inbreeding also on a behavioural trait. That sHegg on the magnitude of some important
evolutionary forces (as inbreeding depression)fiecting genetic variability and consequent
phenotypic expression of traits. Hence, it is ais@resting to note that, despite a low
heritability and the lack of a planned selectiveerap a variation on the genetic value for a
behavioural trait may be appreciated, and evehdrcourse of a quite small time period (as in
decade 1997-2006).

Inbreeding effects on fighting ability and relateehaviours have been assessed in the course
of the last 15 years in various species. Reductionaggressiveness and achievements of

lower social status have been well recognized limeid strains of house micklgs musculus
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Eklund, 1996; Meagher et al., 2000). Similarly, atbge outcomes in territorial disputes
resulted as more common in inbred shrefsréx araneysvalimaki et al., 2007). As well,
male Antarctic fur sealArctocephalus gazellgdoffmann et al., 2004) displayed a strong
correlation of reproductive success, longevity aochpetitive ability with internal relatedness
(IR, a homozigosity parameter). Inbreeding demansttr able to reduce aggressiveness also
in land-locked salmonSalmo salay Tiira et al., 2003) and irosophila melanogaster
(Sharp, 1984). Hence, fighting ability was resultesl reduced also in inbred strains of
Daphnia magndSalathé and Ebert, 2003). About livestock, rem¢\edfects of inbreeding on
competitiveness have been found out in some caseschickenGallus gallus Cheng et al.,
1984) but in other cases investigations did notipeed significant effects of estimates (i.e.,
horsesEquus caballusDubcova et al., 2009).

Concerning the two ABP and AC cattle, despite tbeuaence of crossbreed practices over
time that have reduced genetic distances (see DeétBal. 2001 for data on distances ),
distinct genetic values for fighting ability can lecognized among the two varieties.
Actually, ABP suffers for a greater inbreeding degsion, that a small population size
enhances. On the other hand, the greater competitss that AC exhibits, induces farmers to
choose almost cows of this breed for traditionahpetitions, hence boosting the selection for
fighting ability. Thus, two opposite forces contesrgrily act thus enhancing the differences
among breeds. In order to preserve the genetidwadrthe two varieties, breeding practices
should take into account the specific featuresragatls of target cattle populations.

At present, selective practices in cattle as weliraother livestock species, have aimed to
take into account the effects of inbreeding bothstrittly productive traits as well on other
important functional traits, as longevity or fatyil(i.e., Thompson et al., 2000; Sewalem et
al., 2006). Moreover, different kinship parametas, inbreeding and average relatedness
should be taken into account when the incidengeopiilation homozigosity is evaluated. As
a matter of fact, low inbreeding levels might uredtimate a great level of kinship due to
mating within groups of close individuals. At thentrary, average relatedness is able to
detect such situations (Goyache et al., 2003). Maws, suitable strategies to check
inbreeding and to preserve breeds from eventuaktivegeffects are available for livestock
(Weigel et al., 2001). For their part, natural papions have already evolved own strategies
of inbreeding avoidance (reviewed in Pusey and YW@&96).

Thanks to their peculiar attitude to fight andhe traditional competitions to which they take

part, Aosta Black Pied and Aosta Chestnut cattier agfn interesting and actual example on
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the noticeable impact that inbreeding may play asoa plastic trait as behaviour, also
highlighting the role of behaviour in breeding grees and population dynamics.
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General conclusions

Aiming to generate genetic indexes suitable foosasfble introduction within the aggregate
index of the breed, the genetics of fighting apilias been investigated in Aosta Chestnut and
Aosta Black Pied cattle. In order to describe tlaé,tagonistic behaviour in cattle was firstly
investigated with the tools and the methods ofroglity approach and the related game
theory. Thus, after recognizing that genes playok iin the outcome of phenotypic
performances, the genetic components of fightingitpbvas estimated, starting with a
classical quantitative genetic model and then mr@agoaround the incidence that the inclusion
of social partners in terms of indirect geneticeet§ (IGEs) may have on the variance
estimates.

The fighting performances of cattle occurring i tbourse of the traditional tournaments
follow the same dynamics taking place at pastutesrer animals fight in couples in order to
establish a dominance hierarchy for grazing (sse tide Introduction of Chapter 2 for more
details). In Chapter 1 of the thesis the confliateong cows are analysed in terms of
behavioural patterns involved and considering haehsbehaviours develop in the course of
the struggles. Hence, the typical dynamics of asalesed contest have been recognized,
consisting in a sequence of actions with increaagunistic intensity that animals perform in
order to transmit honest information about theimofighting ability (or resource holding
potential, RHP; Parker, 1974). Game theoreticat@gghes developed over years (see Arnott
and Elwood, 2009 for a review, and the Introductidrthis thesis, part 1.2) offer a set of
theoretical models able to explain what specifioragtic dynamics two contenders are
following, and why they behave in the way they toreover, they reason around some
factors that may affect a conflict in terms of asyetries in fighting ability (Maynard Smith
and Parker, 1976) or in the light of “winner loseffects” (Hsu et al., 1999). Contests
occurring among fighting cattle seem to follow thdes of a “cumulative assessment”
(Payne, 1998), where both a reciprocal evaluatioiighting ability and an own assessment
act in reason to decide if going on in the conftictretreating. Both asymmetries in fighting
ability and winner loser effect play a role, singeight, age and above all prior contests’
experience may affect the shape and the agonifftict ef the contest. In addition, the

asymmetries in the genetic value of fighting isctaliin determining the outcome of a fight
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(for details, see Chapter 1). That is an empis@dience of the important role the genes play
in depicting the behavioural tactics coming outhita specific environment and under the
action of the occurring selective forces. Thus, twhdransmitted to progeny is the heritable
genetic component of the trait (Falconer, 1989)thBoptimality theories and quantitative
genetic models agree with such aspect; hence, timafity and game theories permit to
reason around what could influence the expressiantmit, quantitative approaches offer a
tool for estimating the magnitude of the genetiecnponents involved. In Chapter 2 and
Chapter 3 such genetic evaluation of fighting &bilias been realised. In Chapter 2 fighting
ability was evaluated through a classical quamigagenetic model; a genetic investigation of
behaviour is typically difficult (Plomin, 1990), dnmore difficulties are created by the
generally low heritability of the trait (Mosseau darRoff, 1987). Traditional agonistic
performances in cattle offer a wide dataset @leout 16,000 records were used) suitable for a
quantitative investigation of a behavioural tratoreover, a phenotype as the Placement
Score (PS; Sartori and Mantovani, 2010), as welindspendent variables as tournament,
herd, weight, age and repeated individual measureneave permitted to build up a genetic
model able to estimate the additive genetic vagaoiccows’ fighting ability (Chapter 2).
Thus, a heritability of 0.08 has been estimatedf th low but consistent with literature
(Mosseau and Roff, 1987; Stirling et al., 2002)islinteresting to point out that both game
theoretical models (Chapter 1) and quantitativeegerapproaches (Chapter 2) call the same
factors (i.e., age, weight etc.) as influencing phenotype. The evaluation of fighting ability
has been then expanded in Chapter 3, that undertime importance of conspecifics as
“heritable environment” (Moore et al., 2002) thrbughodels able to account for indirect
genetic effects. These models have revealed arHdtieg than the classical quantitative
models. As a matter of fact, the phenotypic expoassf own fighting ability mainly depends
by the asymmetries in fighting ability of the irdeting conspecifics, as the game theoretical
approaches highlighted. Already in 1979, before ddgent of interacting phenotypes and
IGEs, West-Eberhard observed that “Conspecificalsiare an environmental contingency
that can itself evolve” (West-Eberhard, 1979).

When an evaluation of genetic components of a igaiarried out, it is important to consider
the overall setting in which such trait subsists.addition to selection, other main forces
occur in addressing the phenotypic expression tfai and the genetic architecture that
underlies it. Above them, inbreeding may be of mapagnitude force. When mating among

relatives is common, as in animal breeding prast@ewhen populations suffer for a reduced
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population size, inbreeding can increase signifigeand inbreeding depression can influence
both productive and behavioural traits. As carred in Chapter 4, the investigation of
inbreeding occurrence in Aosta Chestnut and AottakBPied populations shed light on the
possible incidence of kinship on a behaviouralttes fighting ability. Literature about
inbreeding depression on behaviour is scarce, @tiegetstrong influence that the environment
exerts. However, analyses performed on traditifighting competitions have demonstrated
that inbreeding may slightly affect variance comgmas estimates of fighting ability. In
addition, fighting behaviour suffers the occurren€&inship, with lower genetic values when
inbreeding level (as well as average relatednesgeater. Such result suggest that inbreeding
may be taken into account when breeding programscarried out. Analyses included in
Chapter 4 shed light on another interesting aspect,there is a positive trend for fighting
ability over time. Just a decade of battles has lm@®ugh to notice a general increase in the
average breeding values in newborn fighter: desp#dack of a planned breeding program,
empirical selection by enthusiastic farmers hasnbalgle to drive phenotypes and genes
toward a desired direction. That suggests anothmgoitant consideration, i.e., what a
selection for fighting ability may imply for fighig cows. Both Aosta Chestnut and Aosta
Black Pied breeds are dual purpose cattle, seldotedoth milk (mainly) and for meat. A
provisional investigation on both genetic values fighting ability and genetic indexes for
muscularity has revealed a lack of relation amdmgtivo estimates (Sartori and Mantovani,
2009), but further studies are strongly required. (igenetic correlations). Concerning milk,
the question is particularly interesting, sincetthanegative relation among traits such as
aggressiveness, dominance, fighting ability, versiniers as fertility or milk production is
well attested in animals (i.e., Staub and De B&887; Foerster, et al., 2007). Moreover, a
depression in milk production has been noticed lotitalian and Swiss (i.e., Heréns) cattle
breeds used for fighting, and an urgency for fgytimatters is actual in Switzerland. A
breeding program also accounting for fighting &pilias nowadays planned for Aosta
Chestnut and Aosta Black Pied cattle, should takte account any possible implication
among traits. Thus, a forthcoming study on fightialgility and possible relations with
muscularity, milk production and fithess would kecessary in the next future. Moreover, all
the traits will be studied under the light of a gibke inbreeding depression, allowing a more
and more exhaustive and detailed framework on #reetics of productive and functional

traits in fighting breeds.
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Through the investigation of the dynamics of cafidgats and of the genetic components of
fighting ability, this thesis may offer an examplemultidisciplinary approach in evaluating a
social trait. Literature of quantitative genetick lmehaviours, and, most of all, of social
behaviour is quite scarce, and traditional fightsattle may reveal as animal breeding may
tell a lot in terms of both genetic improvement awblutionary issues. Concerning to the
management of Aosta Chestnut and Aosta Black Rigtkbcthis study reveals that a selection
for productive purposes is possible also on a bebeal trait as fighting ability that has not
traditionally taken into account by domesticatiard ayenetic improvement. The upcoming
introduction of fighting ability in the aggregatelesction index of the breeds, that will join
traditional attitude for meat and milk productiomill show us the magnitude of selective

forces on a behavioural trait in presence of thexitable environment” of conspecifics.
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Batailles de Reines in Gressan (AO) (above) anditia tournament in Aosta.
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Cows waiting for the fight (above) and cows durihg tournament (below): vocalization

(cow on the left), visual display (right) and pugh among two contenders (in the
background). Arena of Nus (AO).
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Vigorous clash among contenders: two Aosta Chestows (above) and an Aosta Chestnut
vs. an Aosta Black Pied cattle (below). Arena of KAO).
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Victory of one contender and retreat of the loserthe arena of Saint. Christophe (AO)
(above); queen of the year 2009, arena of Aostie

All the pictures in the appendix are copyrighteddristina Sartori, Roberto Mantovani, and
the University of Padua, Department of Animal Soéen
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