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SOMMAIRE

En écologie comportementale, la compréhension des facteurs qui affectent la socialité des
espéces est cruciale pour comprendre 1I’évolution des différents types d’organisations
sociales. L’étude de la socialité nécessite cependant I’acquisition d’informations sur les
taux de contacts entre les individus d’une méme espéce. Les contacts et en particulier leur
fréquence et leur durée sont importants dans 1’évolution de la socialité puisqu’ils
affectent, entre autres, la compétition, le succés reproducteur et le succés de quéte
alimentaire. Les contacts sont aussi reliés au taux de transmissions des maladies
infectieuses. Il est donc nécessaire de déterminer les facteurs qui influencent la fréquence
ainsi que la durée des contacts de maniére & améliorer nos connaissances concernant,

entre autres, I’évolution de la socialité et la propagation des maladies infectieuses.

L’objectif de ma maitrise était d’étudier les déterminants écologiques du taux de contacts
chez les femelles ratons laveurs (Procyon lotor). Pour atteindre cet objectif, j’ai capturé,
marqué et effectué le suivi de 15 femelles ratons laveurs dans le parc national du Mont-
Orford en 2010 et 2011. Lors de leur capture, j’ai installé & chacune des femelles un
collier émetteur de type « proximity logger ». L’utilisation de ces colliers m’a permis
d’obtenir des données concernant la fréquence ainsi que la durée des contacts des

femelles.

Tout d’abord, j’ai utilisé les taux de contacts obtenus afin de vérifier 'efficacité du
chevauchement des domaines vitaux comme méthode d’estimation du taux de contacts.
Jai vérifié la relation entre le chevauchement des domaines vitaux et le taux de contacts a
I’aide de 5 indices de chevauchement couramment utilisés. Les résultats montrent que le
chevauchement des domaines vitaux peut étre un bon estimateur du taux de contacts. Ces
résultats sont importants puisque des suivis télémétriques ont été effectués pendant
plusieurs décennies sur une grande variété d’espéces. Ces données sont nombreuses et

accessibles et pourraient donc étre utilisées, par exemple, pour étudier les facteurs qui

il



influencent la structure sociale ou dans des programmes de prévention de propagations de
maladies infectieuses.

Par la suite, j'ai effectué des analyses génétiques aﬁn‘ d’obtenir un indice de
I’apparentement entre les femelles. J’ai utilisé les données de contacts issues du suivi des
15 femelles du printemps 2010 a I’automne 2011 de maniére a étudier les facteurs
environnementaux et individuels qui les influencent. J’ai découvert que les contacts
variaient beaucoup entre les saisons, étant plus élevés durant 1’hiver. Les facteurs qui
influencgaient les contacts étaient différents entre les saisons. L’été, I’apparentement avait
un effet positif sur les contacts. A I’inverse, 1’apparentement n’avait aucune conséquence
sur les contacts durant ’hiver. Cependant, plus les températures étaient froides, plus les
contacts étaient fréquents durant I’hiver. Ces résultats suggérent que les femelles ratons
laveurs utilisent la thermorégulation sociale durant I’hiver pour diminuer les coiits

énergétiques liés au maintien de leur température corporelle.

En conclusion, j’ai montré que le chevauchement des domaines vitaux peut étre un bon
estimateur du taux de contacts. Mes résultats suggérent que les températures froides de-
Phiver ont une influence plus importante que ’apparentement sur la structure des
femelles ratons laveurs au nord de leur distribution. Mes résultats suggerent que des
contraintes environnementales, telles que la température, pourraient avoir une influence
importante sur la formation et le maintien des groupes chez certaines espéces. L’étude de
facteurs environnementaux et individuels ainsi que de leurs impacts sur la structure
sociale chez différentes espéces pourrait permettre d’améliorer notre compréhension de

I’évolution de la socialité.

iv
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CHAPITRE 1
INTRODUCTION

1.1 La socialité et 'importance de I’étude des contacts

La socialit¢ est un théme important dans 1’écologie comportementale des animaux (Hinde,
1976; Palla et al., 2007; Frére et al., 2010) puisqu’elle est étroitement liée aux stratégies de
reproduction (Clutton-Brock, 1989), de quéte alimentaire (White & Harris, 1994; Klaassen et
al., 2006), ainsi qu'a la propagation de maladies infectieuses (McCallum ef al,, 2001). De
plus, dans le régne animal, on observe une trés grande variabilité de degrés de socialité. Chez
les mammiféres par exemple, on retrouve a un extréme des espéces solitaires comme le
guépard (Acinonyx jubatus) et a ’autre des espéces eusociales telles que le rat-taupe nu
(Heterocephalus glaber). La variabilité de socialité entre les espéces résulte d’un compromis
entre les cofits et les bénéfices qui sont associés a la vie en groupé (Krause & Ruxton, 2002).
Les bénéfices de la vie en groupe incluent une diminution du risque de prédation, par exemple
par Peffet de dilution et une augmentation du succés de quéte alimentaire par le biais de la
chasse en groupe (Krause and Ruxton 2002). Cependant, la vie en groupe engendre aussi
certains cofits tels que I’augmentation de transmission de maladies due aux interactions plus
fréquentes et 3 ’augmentation de la compétition pour les ressources (Krause and Ruxton
2002). Bien que cette variabilité soit plus grande entre les espéces, on la retrouve aussi 3
I'intérieur des espéces (Lott, 1984). Chez le campagnbl des prairies (Microtus ochrogaster)
par exemple, on retrouve, selon la population, des individus solitaires, des paires d’individus
ou méme des groupes (McGuire & Getz, 1998). La socialité intraspécifique est influencée par
pluSieurs déterminants environnementaux (Lott, 1984) et individuels (Hamiltoﬁ, 1964). Chez

le chacal doré (Canis aureus) par exemple, la formation de groupes fluctue en fonction de 4

I’abondance des ressources alimentaires : plus les ressources alimentaires sont nombreuses,



plus les éroupes sont grands (Loveridge & Macdonald, 2001). Cependant, I’étude de la
socialit¢ d’une espéce et des facteurs qui I’influencent passe inévitablement par la
connaissance des contacts (table 1.1) entre les individus. L’accessibilité des espéces est ainsi
trés importante pour I’obtention des connaissances concernant les contacts entre les individus
puisqu’elle nécessite généralement I’observation des animaux. La majorité des connaissances
concernant les facteurs déterminants le degré de socialit¢ intraspécifique a donc été d’abord
acquise par I’étude d’espéces grégaires (Alexander, 1974; Dunbar, 1988; Festa-Bianchet,
1991) via I’observation directe des individus. Les connaissances concernant les contacts des
individus d’espéces solitaires (table 1.1), qui sont généralement plus difficiles & observer, ont
été obtenues plus récemment & partir de suivis télémétriques, suite au calcul des domaines
vitaux (Kenward & Hodder, 1998; Millspaugh et al,, 2000; Bohm ef al., 2008) et a I’aide de
colliers émetteurs de type « proximity logger » (Prange et al., 2006). L’utilisation de ces
techniques a permis de constater que les individus de certaines espéces de carnivores solitaires
montrent de la flexibilité sociale, c’est-a-dire, de la variabilité dans leurs taux de contacts
(Caro, 1994; Gehrt & Fritzell, 1998b; Hays & Conant, 2003).

Chez les camivores, la flexibilité¢ sociale serait un facteur important de I’évolution de la
socialité¢ (Dalerum ef al., 2006) puisqu’elle aurait permis, sous I’influence de différentes
contraintes environnementales, 1’évolution de plusieurs formes d’organisations sociales. Bien
que les espéces solitaires soient généralement caractérisées par un systéme social simple et
soient donc considérées comme étant moins intéressantes pour I’étude de I’évolution de la
socialité, on retrouve chez certaines d’entre elles des structures sociales plus complexes (Caro,
1994; Gehrt & Fritzell, 1998b; Hays & Conant, 2003). Cheé le guépard par exemple, certains
miles forment de petits groupes pour défendre un territoire alors que d’autres vont s’en
occuper seuls (Caro, 1994). Les espéces solitaires qui montrent de la flexibilité sociale sont
donc d’un grand intérét pour les études concernant I’évolution de la socialité puisqu’elles
peuvent nous informer sur les facteurs écologiques qui influencent les contacts entre les

individus.



Tableau 1.1 : Terminologie relative a la structure spatio temporelle des contacts chez le raton

laveur et principaux termes utilisés dans ce mémoire.

Contact (B6hm, Hutchings et al., 2009)

Evénement durant lequel des individus se retrouvent a proximité les uns des autres c’est-a-
dire, a3 moins de 2 métre.
Solitaire (Waser and Jones 1983)

Terme qui désigne la distribution spatiale des animaux relatives & leurs congénéres et non a

leur interactions sociales: les espéces solitaires sont celles dont les animaux sont
‘généralement apercu seul. Un individu qui chasse seul peut diminuer ses interactions avec ses

congénéres, mais peut quand méme vivre a I’intérieur d’un réseau social complexe.

Apparentement (Hardy 2003)

Coefficient décrivant la similarité génétique entre des individus résultant d’ancétres

communs.

Domaine vital (Burt 1943)

Désigne la superficie du milieu qui est utilisée par un animal pour se nourrir, se reproduire et

élever ses jeunes.

1.2 Plan du mémoire de maitrise

Mon mémoire de maitrise débute dans un premier chapitre par une introduction générale
exposant les fondements théoriques sur lesquels mes travaux sont appuyés. Tout d’abord, je
présente les objectifs ainsi que I'importance de mon projet. Par la suite, je présente les
fondements théoriques concernant la relation et les implications des contacts avec socialité, les
domaines vitaux et ’apparentement (table 1.1). Je termine par une description de mon site

d’étude et de mon modéle animal, le raton laveur.




Mon mémoire est ensuite divisé en quatre grands chapitres. Le deuxiéme chapitre présente un
article méthodologique dans lequel j’ai vérifié ’efficacité d’un mélange d’anesthésiant pour
I’'immobilisation chimique du raton laveur. Dans le troisiéme chapitre j’explore & 1’aide de
cinq indices la relation entre le chevauchement des domaines vitaux et le taux de contacts de
manieére a vérifier I’efficacit¢é du chevauchement des domaines vitaux comme méthode
d’estimation des taux de contacts. Le quatriéme chapitre, porte sur les déterminants
environnementaux et individuels du taux de contacts chez les femelles ratons laveurs afin
d’explorer leurs impacts sur la socialité de cette espéce. Finalement, dans le cinquiéme
chapitre, je présente un bref retour sur les principaux résultats de mon mémoire et je discute de
I’importance de mon projet et de pistes de recherches futures concernant 1’étude des contacts

et des contraintes écologiques qui les influencent.
1.3 Objectifs et importance de mon projet

L’objectif principal de mon projet de maitrise était de caractériser les déterminants
écologiques des femelles ratons laveurs de la population du parc national du Mont-Orford,
Québec, Canada. Pour ce faire, j’ai d’abord capturé 15 femelles ratons laveurs sur lesquelles
j’ai installé des colliers de type « proximity logger ». J’ai ensuite effectué un suivi
télémétrique des individus du printemps 2010 a P’automne 2011. Les captures effectuées
m’ont aussi permis de vérifier les effets du mélange d’anesthésiant ketamine/médétomidine
sur la survie et le succés reproducteur du raton laveur. Voici spécifiquement les deux .objectifs

de mon projet de maitrise :
(1)  Explorer la relation entre le chevauchement des domaines vitaux et le taux de contacts.
(2)  Caractériser les déterminants environnementaux et individuels des taux de contacts.

Chez les espéces solitaires, il est généralement difficile d’observer les contacts entre les
individus. En effet, certaines espéces sont nocturnes, vivent dans des milieux denses ou sont
difficiles & capturer. Par conséquent, chez certaines espéces les contacts entre les individus

4



sont estimés a partir de différentes méthodes dont I’efficacité de certaines n’a jamais été
vérifiée ou est impossible & étudier. Les contacts réels sont donc rarement quantifiés sur le
terrain. De plus, les facteurs écologiques qui influencent les contacts, et donc la socialité, sont

peu étudiés.

Mon étude est parmi les premiéres & vérifier I’efficacité du chevauchement des domaines
vitaux comme méthode d’estimation des taux de contacts. De plus, si cette méthode s’avérait
efficace, elle pourrait étre utilisée pour estimer les contacts a partir de données issues de suivis
télémétriques réalisés chez plusieurs espéces. J’innove aussi en obtenant des données
concernant les taux de contacts réels chez une espéce de carnivore solitaire, ce qui demeure
encore peu fréquent. Ces données me permettent aussi d’étudier un théme encore peu connu
‘chez les espéces solitaires, c’est-a-dire les facteurs écologiques qui influencent les taux de
contacts et donc la sociali‘té. Les connaissances acquises permettront d’ailleurs d’améliorer les
méthodes de préventions de maladies infectieuses. En effet, en ce qui concerne les maladies
infectieuses qui nécessitent un contact pour se transmettre, le taux auquel une nouvelle
infection se produit & P’intérieure d’une population est dépendant du taux de contacts
(McCallum, Barlow et al., 2001). La fréquence des contacts est donc un facteur fondamental
de la transmission de maladies infectieuses (White & Harris, 1995) et une variable clé des
modeles épidémiologiques. Bien que les contacts entre les animaux soient un facteur essentiel
en épidémiologie (McCallum, Barlow ef al,, 2001; Lloyd-Smith et al, 2005), les études sur
le sujet demeurent peu nombreuses. Finalement, mon projet de recherche est innovateur
puisque j’ai utilisé des colliers spécialisés pour quantifier les taux de contacts réels sur le

terrain.



1.4 Fondements théoriques

1.4.1 Les contacts et ’organisation sociale

Les contacts entre les individus sont cruciaux en écologie comportementale puisqu’ils
définissent 1’organisation sociale des populations, et donc leur socialité (Hinde, 1976). De
plus, lors des interactions sociales, le choix des individus avec qui un individu aura des
contacts n’est généralement pas effectué de fagon aléatoire. En effet, la fréquence ainsi que la
durée des contacts entre les individus sont influencées par différents facteurs individuels
(Hamilton, 1964) et environnementaux (Leuthold, 1979; Rowell & Rowell, 1993). 1l a
d’ailleurs été montré que, chez des espéces grégaires, différents facteurs écologiques
influencent I’organisation sociale des populations. Chez le mouflon d’Amérique (Ovis
canadensis) par exemple, les groupes sont séparés en fonction du sexe et de 1’age. A Dage de
trois ans, la majorité des jeunes méles quitte le groupe natal, formé de femelles adultes et de
subadultes, pour rejoindre un groupe de maéles adultes (Festa-Bianchet, 1991). Les facteurs
environnementaux tels que I’abondance de nourriture (Loveridge & Macdonald, 2001) et les
températures froides (Willis & Brigham, 2007) peuvent aussi avoir des effets non négligeables
sur I’organisation sociale. Chez la graﬁde chauve-souris brune (Eptesicus fuscus) par exemple,
les contacts entre les individus sont plus nombreux lorsque les températures sont plus froides
(Willis & Brigham, 2007). A fine échelle, les contacts entre les individUS sont aussi influencés
par la maniére dont les individus sont distribués dans I’espace (Wolf & Trillmich, 2007). Chez
’otarie des Galapagos (Zalophus wollebaeki) par exemple, plus la distance est élevée entre les
animaux, moins les contacts sont fréquents. Cependant, en ce qui concerne les espéces
solitaires, étant donné les problémes logistiques liés 4 leur observation, il est difficile d’obtenir
les taux de contacts réels. Par conséquent, les études concernant les déterminants écologiques
des contacts sont peu fréquentes chez ces espéces. Il est donc nécessaire, pour obtenir des
informations concernant !’organisation spatiale des individus, d’utiliser des méthodes qui
permettent d’estimer les taux de contacts. Que ce soit & partir des données réelles ou

d’estimations de celles-ci, il demeure essentiel d’obtenir des informations concernant les
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contacts entre les individus pour effectuer des études fondamentales et appliquées de maniére
a comprendre I’évolution de la socialité et prédire la propagation de maladies infectieuses.
Bien que les analyses de réseaux sociaux soient fréquemment utilisées dans la littérature
(Borgatti, Everett ef al,, 2002; Boshm, Hutchings et al., 2009; Krause, Lusseau et al., 2009) et
spécialement en ce qui & trait a4 1’épidémiologie (Cauchemez, Bhattarai et al., 2011), elles
requiérent une taille d’échantillon élevée et une grande variabilité des caractéristiques
_ individuelles (sexe, masse, dge, contact...). De plus, elles n’apportaient pas d’informations
complémentaires pertinentes aux résultats obtenus 4 Paide d’autres analyses durant cette

étude, les analyses de réseaux n’ont donc pas été effectuées durant cette étude.

1.4.2 Le domaine vital reflet de I’organisation sociale

Le domaine vital, défini comme étant la superficie du milieu qui est utilisée par un animal
pour se nourrir, se reproduire et élever ses jeunes (Burt, 1943; table 1), est un outil important
en écologie comportementale puisqu’il permet d’obtenir des informations concernant les
contacts entre les individus (Kenward & Hodder, 1998; B6hm, Palphramand et al., 2008). En
effet, le calcul du chevauchement des domaines vitaux est une méthode couramment utilisée
pour obtenir une estimation des taux de contacts entre les individus (Kenward & Hodder,
1998; B6hm, Palphramand et al, 2008; Habib ef al., 2011). L’utilisation fréquente de cette
méthode pour estimer les taux de contacts, chez les espéces solitaires, s’explique par les
difficultés logistiques a quantifier leurs contacts sur le terrain. Les facteurs qui influencent le
chevauchement des domaines vitaux sont étroitement liés a ceux qui affectent léur taille
puisque pour une superficie donnée, une augmentation de la taille des domaines vitaux, par
exemple, va induire inévitablement un chevauchement plus élevé. Chez les carnivores, la
disponibilité de nourriture et la variabilité de I’abondance de celle-ci dans le temps ont un effet
substantiel sur la taille des domaines vitaux et par conséquent sur leur chevauchement (Maher
& Lott, 2000). Des ressources trés abondantes et trés prédictibles ainsi que des ressources peu
abondantes et peu prédictibles ont pour effet de diminuer la territorialité. A I’inverse des



ressources moyennement abondantes et prédictibles, ont pour effet de maintenir la territorialité
(Maher & Lott, 2000). Cette variation serait expliquée par le fait que lorsque la nourriture est
trés abondante, ou a I’inverse trés rare, les coiits associés & la défense des ressources sont plus
élevés que leurs bénéfices (Maher & Lott, 2000). Cependant, les ressources essentielles a la
survie des animaux ne se retrouvent généralement pas de fagon homogéne dans I’habitat, et la
distribution spatiale des ressources a donc aussi un effet important sur le chevauchement des
domaines vitaux (Maher & Lott, 2000). Chez les espéces se retrouvant dans un habitat
fragmenté par exemple, le chevauchement des domaines vitaux est beaucoup plus élevé dans
les zones ol on retrouve les ressources essentielles (Atwood & Weeks, 2003). Toutefois, les
facteurs qui influencent le chevauchement des domaines vitaux n’ont peut-&tre pas
nécessairement des effets sur I’organisation sociale des individus. Bien qu’une augmentation
_de la superficie de la zone de chevauchement des domaines vitaux entraine une probabilité
plus élevée de rencontre entre les individus, elle peut aussi entrainer de 1’évitement temporel.
En effet, deux individus montrant un fort chevauchement de leur domaine vital pourraient
visiter les zones d’habitats partagées 4 des moments différents et n’avoir ainsi aucun contact.
I a d’ailleurs ét¢ montré,. chez le cerf de virginie (Odocoileus virginianus), que le
chevauchement des domaines vitaux n’étaient pas représentatif des contacts entre les individus
(Schauber et al., 2007). Les facteurs écologiques qui influencent le chevauchement des
domaines vitaux n’aurait donc, pas nécessairement d’effet sur ’organisation sociale des
animaux. C’est pourquoi il est important d’obtenir les taux de contacts réels, de maniére a les
utiliser pour étudier la relation entre le chevauchement des domaines vitaux et I’organisation

sociale des populations animales.

1.4.3 L’influence de I’apparentement sur ’organisation sociale

Bien que moins évidentes que les facteurs environnementaux, certaines caractéristiques
individuelles ont des effets sur I’organisation sociale des animaux. Le degré d’apparentement
entre les individus est I’une de ces caractéristiques qui depuis la derniére décennie est de plus
en plus étudiée (Bacon ef al., 1999; Pomeroy et al., 2001; Spong et al, 2002; Coltman et al.,
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2003). L’intérét de I’apparentement dans I’étude de la socialité est liée, entre autres, a la
théorie de sélection de parentéle (Hamilton, 1964). Selon cette théorie, il y aurait des bénéfices
indirects sur la valeur adaptative d’un individu & aider des individus avec lesquels il est
apparenté (Hamilton, 1964). Par conséquent, le degré d’apparentement pourrait avoir une
influence sur le choix des individus avec lesquels un animal a des contacts ainsi que la
fréquence de ceux-ci. Un effet positif de 1’apparentement sur lés contacts entre les individus a
d’ailleurs été montré chez différentes espéces. Chez le mouton domestique (Ovis aries) par
exemple, le degré d’apparentement entre les individus qui ont des contacts plus fréquents est
plus élevé qu’entre ceux qui ont peu ou pas de contacts (Nituch et al., 2008). Le méme
phénomeéne a été observé chez des espéceé sauvages d’animaux grégaires (Bacon, Dallas et
al, 1999; Pomeroy, Wilmer et al., 2001; Buston et al, 2009; Frére, Kriitzen et al., 2010).
En ce qui concerne les animaux solitaires, un effet positif de 1’apparentement sur les contacts
entre les individus a été obseﬁé chez certaines especes (Schenk et al., 1998; Ramayeke etal,
2002; Stoen et al., 2005). Chez I’ours brun (Ursus arctos) par exemple, on retrouve une
structure matriarcale qui serait engendrée par la capacité des individus & reconnaitre les

individus avec lesquels ils sont apparentés (Steen, Bellemain ef al.,, 2005).

Bien que les études traitant de ’effet de 1’apparentement sur la structure sociale soient
nombreuses (Bacon, Dallas ef al., 1999; Ratnayeke, Tuskan et al., 2002; Coltman, Pilkington
et al, 2003; McEachern et al., 2007; Buston, Fauvelot et al., 2009), la majorité d’entre elles
utilisent le chevauchement des domaines vitaux comme proxy du taux de contact pour étudier
son effet sur les contacts entre les individus. L’efficacité du chevauchement des domaines
vitaux pour estimer les taux de contacts étant peu étudiée, il est d’autant plus important de
documenter les effets de I’apparentement sur les contacts a partir de quantifications de ceux-ci

sur le terrain.



1.5 Aire d’étude et population

Mon aire d’étude se situe dans le secteur du lac Stukely du parc du Mont-Orford en Estrie. Le
parc du Mont-Orford a une superficie de 58,37 km? et est situé a environ 35 km a l'ouest de la
ville de Sherbrooke. Le secteur du lac Stukely du parc du Mont-Orford comprend une aire de
camping de 321 sites ouverte au public de mai a octobre. Le suivi de la population de ratons
laveurs du parc national du Mont-Orford a débuté au printemps 2009. Depuis, 117 ratons
laveurs ont été capturés. Puisque les animaux sont anesthésiés lors des captures, cela nous a
permis de prendre plusieurs données morphologiques (masse, circonférence de la poitrine,
circonférence du cou, longueur totale, etc.), comportementales et physiologiques (température

corporelle). Dans le cadre de ma maitrise, soit de 2009 & 2011, des colliers émetteurs ont aussi

été installés sur les ratons laveurs.

Figure 1.1 Etang Fer-de-Lance, Parc national du Mont-Orford. Crédit photo : Pierre-Olivier

Benoit.
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1.6 Le raton laveur comme sujet d’étude

Le raton laveur est un mammifére nocturne de taille moyenne de la famille des procyonidés,
chez lequel la philopatrie est biaisée envers les femelles (Gehrt & Fritzell, 1998a). Sa
distribution géographique s’étend de I’ Amérique du Nord a I’Amérique centrale (Gehrt, 2003).
Son régime se compose principalement d’aliments qui sont disponibles dans I’environnement
selon la saison : crustacés, bivalves, poissons, ceufs, fruits, noix, plantes et petits animaux
(Johnson, 1970; Gehrt, 2003). Le raton laveur utilise principalement des arbres creux comme
taniéres de repos, mais lorsque ceux-ci se font rares, il utilise plutét des terriers d’autres
mammiféres, des arbres, des cavités dans le sol ou dans le roc, des bitiments ou simplement le
sol (Zeveloff, 2002). En période de gestation (de février a avril), les femelles vont chercher
une cavité, habituellement un arbre creux, pour mettre bas et pour y laisser les jeunes pendant
les premiéres semaines. En Amérique du Nord, la reproduction s’effectue entre le mois de
janvier et le mois de mars, ayant sont apogée au niois de février. La gestation est d’une durée
moyenne de 63 jours, et la mise bas a lieu majoritairement pendant le mois d’avril. Les portées
ont une taille variant entre 1 et 8 jeunes, et les jeunes pésent entre 60 et 75 grammes a la
naissance. Les femelles allaitent leurs petites pendant 8 & 16 semaines. Durant la période
hivernale, les taniéres sont généralement des cavités de grande taille partagées par plusieurs
individus (Rosatte, 2000). Durant 1’été, les ratons laveurs sont plutdt solitaire et utilisent

principalement les arbres comme site de repos (Zeveloft, 2002).

Bien qu’il soit établi que le raton laveur est un carnivore solitaire (Fritzell, 1978), des groupes
stables d’individus adultes ont été observés chez cette espéce (Gehrt & Fritzell, 1998a; Gehrt
& Fritzell, 1998b; Chamberlain, 2002; Pitt et al,, 2008a). Cependant, les facteurs affectant la
formation et le maintien de ces coalitions demeurent peu documentés (Gehrt & Fritzell, 1997,
Pitt, Lariviére et al., 2008a). En ce qui concerne les femelles adultes, le comportement de
philopatrie aurait comme effet d’augmenter la fréquence des contacts entre les individus
apparéntés. En effet, Ratnayeke (2002) a observé que chez le raton laveur la philopatrie

entraine, & fine échelle, un apparentement plus élevé des individus voisins. Bien que
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I’apparentement semble étre un facteur important dans I’organisation sociale des ratons
laveurs, les connaissances concernant la fluctuation des contacts entre les saisons et les

facteurs écologiques qui les influencent demeurent encore limitées.

Le raton laveur est aussi une espéce intéressante en épidémiologie et en gestion de la faune
puisqu’il est le principal hote de la maladie de la rage. Au Québec, la variante du raton laveur
du virus de la rage est présente seulement depuis 2006 (MRNF, 2009). Celle-ci a initialement
été identifiée dans le sud des Etats-Unis (en Floride) en 1950 et s’est répandue dans le reste du
pays entre les années 1970 et 1990 (Rupprecht et al, 1995; Fu, 1997; Zeveloff, 2002). La
dispersion de cette maladie aurait été entrainée, entre autres, par la translocation de milliers de
ratons laveurs dans les Etats de la Virginie et de la Caroline du Nord (Rupprecht, Smith ef al.,
1995; Zeveloff, 2002). La distribution rapide de cette maladie inquiéte les autorités publiques
puisqu’elle peut étre mortelle chez ’homme (Rubin ef al, 1970). Les variations que 1’on
retrouve dans son organisation sociale ainsi que la maladie infectieuse dont il est le principal
héte font du raton laveur un modéle idéal pour étudier les déterminants écologiques des taux

de contacts
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CHAPITRE 2
IMMOBILISATION CHIMIQUE DE RATONS LAVEUR AVEC UN
MELANGE DE KETAMINE-MEDETOMIDINE

Introduction de ’article

Durant ma matrise, j’ai participé a la capture ainsi qu’a I’anesthésie de prés de 117 ratons
laveurs. Etant la premiére étudiante sur le projet ratons laveurs au parc du Mont-Orford, j’ai
participé a I’élaboration des protocoles de captures et de suivis des individus. De plus,
puisqu’il existe plusieurs types d’anesthésiants et que leurs impacts peuvent étre différents
entre les animaux, il est important de les explorer en fonction des espéces. Les effets du
mélange d’anesthésiants utilisé lors de mon projet de maitrise (Kétamine-médétominide)
n’étant pas connus chez le raton laveur, nous avons récolté des données lors de chacune des
captures en vue de les étudier. J’ai donc été en mesure de tester P'efficacit¢ du mélange
d’anesthésiants chez le raton laveur. De plus, j’ai exploré ’impact de 1’anesthésie sur la survie
a court terme, le succés reproducteur et I’habituation aux anesthésiants. L’article qui suit
présente en détail le protocole de captures et les analyses. Ma contribution & cet article a été
substantielle puisque j’ai effectué les analyses, écrit I’article et coordonné le processus de
publication. J’ai été encadrée lors de ce projet par la Pre. Fanie Pelletier. De plus, plusieurs
versions de chacun des articles ont été révisées par la Pre. Fanie Pelletier et par le Pr. Dany
Garant.

13



Chemical immobilization of raccoons with ketamine-medetomidine mixture and reversal

with atipamezole

Par
Karine Robert, Dany Garant et Fanie Pelletie;

Journal of wildlife diseases, 2012, 48 (1) : 122-130

Abstract

Safe and reliable capture techniques for wild animals are important for ecologic studies and
management operations. We assessed the efficiency of ketamine-medetomidine (K:M)
injection and reversal with atipamezole. We anesthetized 67 raccoons (34 males, 33 females)
103 times (individuals captured between one and five times) from April 2009-October 2010 in
Mont-Orford Provincial Park, Quebec, Canada. We administered a 1:1 mixture by volume of
ketamine (Vetalar, 100 mg/ml, Bioniche Canada Inc., Belleville, Ontario, Canada) and
medetomidine (Domitor, 1 mg/ml, Pfizer Canada Inc., Kirkland, Quebec, Canada) by
intramuscular injection. Mean (£SD) induction times for males and females were 6.1+2.8 and
6.6+3.7 min, respectively. Mean induction time was 2 min longer for juveniles than adults
(7.8+£3.9 and 5.8+2.9 min, respectively) and longer in autumn than spring for adults (7.7+3.8
and 5.44+2.9 min, respectively). Recovery time after administration of atipamezole was 9.6+3.8
. and 8.4+4.4 min for males and females, respectively. Recovery time was longer in spring than
autumn (10.244 and 7.443.8 min, respectively) for adults. Induction time increased by 166 %
after five captures of the same individual. Immobilization did not affect body mass, adult
survival, or female reproductive success. We suggest the K:M mixture used is a safe and
reliable method for anesthetizing raccoons in field conditions.

Key words: Immobilization, ketamine, medetomidine, Procyon lotor, raccoon.
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Introduction

Chemical immobilization of wild mammals is frequently required in ecologic research and
wildlife management. Several research programs depend upon safe handling procedures under
field conditions to mark, measure, vaccinate, or sample wild animals (Gannon & Sikes, 2007).
The efficacy of chemical immobilization depends on the type of drug, dosage, season, species,
and characteristics including sex, age and size of target animals (Jalanka & Roeken, 1990).
Drug mixtures may have synergistic effects on induction and recovery times compared to
individual drugs and these effects may vary among species (Kreeger et al, 2002). It is thus
important to characterize the efficacy of each drug or drug mixture when used for a new

species.

Potential consequences of capture, immobilization, and handling on individuals should also be
assessed. There is mounting evidence that such manipulations may increase stress on animals
(Harper & Austad, 2001; Fletcher & Boonstra, 2006; Lynn & Porter, 2008), which could lead
to undesirable effects on individual performance on short and long-term scales. Several studies
have reported negative consequences of capture and marking on behavior (Pelletier et al.,
2004), foraging efficiency (Saraux et al, 2011), rates of production and abandonment of
young (Ballard & Tobey, 1981; Coté et al., 1998), and survival (Oosthuizen et al., 2009). For
example, Cattet ez al., (2008) found that repeated immobilizatien reduced mobility and body
condition of grizzly bears (Ursus arctos horribilis) and black bears (Ursus americanus).
Frequently, animals must be anesthetized more than once to change telemetry collars,
download data, or measure growth. While the effects of repeated immobilization on the
efficacy of anesthesia have often been studied in laboratory animals such as rats (Rartus
norvegicus; Fassoulaki et al., 1994; Hedenqvist et al., 2000) or dogs (Bert et al., 2008), they
have rarely been assessed in wild species (Field ef al, 2002; Wheatley ef al., 2006). While
there is no obvious reason to expect that drug effect would be different for captive versus wild
animals of the same species, it is possible that the effect of repeated immobilization on the
efficacy of anesthesia may be undetectable in the wild given that the number of repeated

immobilizations for wild animals is typically lower than for captive animals. Although some
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previous studies have found no effect of repeated immobilization on wild animals (Poole et
al, 1993; Thil & Groscolas, 2002; Storms et al., 2005), others suggested that animals can
become habituated to drugs (Field, McMahon ef al., 2002; Wheatley, Bradshaw et al., 2006).
However, it is unknown whether an increase in drug tolerance due to repeated use of

anesthesia is applicable to a wide range of species.

- Medetomidine hydrochloride is a selective o,-adrenoreceptor agonist with dose-dependent
muscle relaxant properties, as well as analgesic and sedative effects (Kreeger, Arnemo et al.,
2002). Its effects can be reversed by the antagonist atipamezole hydrochloride (Jalanka &
Roeken, 1990). Ketamine hydrochloride is a dissociative anesthetic that reduces sensibility
while keeping the animal immobile (Kreeger, Arnemo et al., 2002). Used alone, it can cause
superficial analgesia and muscle rigidity; however, when used in combination with
medetomidine there is a reduction of side effects and overall drug volume required (Kreeger,
Amemo et al, 2002). A ketamine-medetomidine mixture (K:M) has provided safe and
effective immobilization of numerous species (Kreeger, Amemo ef al., 2002). Although K:M
mixture is apparently effective for immobilizing other carnivores, its efficacy to immobilize

raccoons has not been examined.

Raccoons are widely distributed from Mexico to Canada (Gehrt, 2003), are common in urban
areas (Roscoe, 1993), and frequently live in proximity to humans. As raccoons can carry
several zoonoses, including rabies (McLean, 1975), and often occur at high densities
(Zeveloff, 2002), several management programs and studies in Canada and the USA (Rosatte
et al, 2007) involve raccoon capture, which may also require anesthesia. It is thus important
(to have a safe, effective, and reliable immobilization method with as few short-term
physiologic effects as possible and no consequences on reproductive success and survival of

animals.

Several drugs have been used for immobilization of raccoons, including ketamine (Gregg &

Olson, 1975; Beck, 1976; Norment ef al., 1994), succinylcholine chloride (Hoilien & Oates,

1981), saffan (Clutton & Duggan, 1986) and tiletamine-zolazepam (Pitt ef al,, 2006). The use
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of tiletamine-zolazepam mixture leads to an uncommon side effect that affected raccoon
behavior (Pitt, Lariviére ef al., 2006), leading them to frequently approach researchers during
recovery, which can be problematic as raccoons may ‘carry rabies (McLean, 1975). This
behavior was also observed in arctic foxes (Vulpes lagopus) immobilized with tiletamine-
zolazepam (Samelius ef al, 2003). Although some of these drugs, used alone or in
combination, have been shown to provide safe and effective immobilization, they have yielded
long recovéry times due to the lack of a reversal agent (Belant, 2004). The ketamine-
medetomidine mixture is currently one of the most commonly used drugs for immobilizing
small carnivores (West ef al., 2007). It requires smaller doses, has quicker recovery times, and
the availability of the antidote (atipamezole) allows reversing the effect of the medetomidine.

We are not aware, however, of any study that has documented its use with raccoons.

We needed to capture and mark raccoons using live traps for a study of individually
recognizable animals. Raccoon aggressive behavior and risk of rabies transmission made
chemical immobilization essential. We report the effects of age, sex, season, and repeated
immobilization on induction and recovery times of raccoons anesthetized using the K:M
mixture. We also report the efficacy of reversal using atipamezole. Finally, we explored the
consequences of capture, immobilization, and handling on short-term body mass changes and

on short and long-term survival and reproductive performance of raccoons.

Study area and captures

We captured raccoons for 20 days in spring and autumn (April and October) 2009 and 2010.
Raccoons were followed by radiotracking from April 2009 to October 2010 on a 58-km? study
site in Mont-Orford Provincial Park, Quebec, Canada (72°14’18°°W, 45°21°39°°N). Raccoons
were caught in live traps (Havahart® Products, Lititz, Pennsylvania, USA) baited with a
mixture of fresh mackerel (Scomber scombrusand) or canned sardines (Sardina pilchardus)
and canned corn (Zea mays). Traps were opened daily in late afternoon (5:00 PM-7:00 PM),
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checked at sunrise, and closed during the day. During the four trapping sessions, we set 66
traps 100 m apart over a 1000 x 500-m grid.

Materials and methods

Captured raccoons were weighed in the trap, then immobilized with a 1:1 mixture by volume
of ketamine (Vetalar, 100 mg/ml, Bioniche Canada Inc., Belleville, Ontario, Canada) and
medetomidine (Domitor, 1 mg/ml, Pfizer Canada Inc., Kirkland, Quebec, Canada)
administered by intramuscular injection with a hand syringe. We determined our starting
dosage using those suggested by West et al., (2007): 5 mg/kg bo&y weight of ketamine and
0.05 mg/kg of medetomidine. Following the observation that raccoons maintained some
reflexes during anesthesia (ears twitching) at this dosage, we adjusted the dosage to 5.5 mg/kg
of ketamine and 0.055 mg/kg of medetomidine. After drug injection, we left the raccoon in the
trap in a quiet place until it was unresponsive to touch (induction time). If the raccoon was not
immobilized after 10 min, we administered a second dose at half of the initial dose. If the
animal was still not immobilized .10 min after the second injection, we again administered half
of the initial dose. Once the animal was immobilized, we applied ophthalmic ointment to eyes
to prevent desiccation. Raccoons were then sexed, measured, and marked with a pit tag (AVID
Canada, Calgary, Alberta, Canada) and two colored plastic ear tags (Dalton ID Systems Ltd.,
Henley-on-Thames, Oxon, England). Adult raccoons (>5 kg) were fitted with a VHF collar
(Sirtrack, Havelock North, Hawkes Bay, New Zealand or Holohil Systems Ltd., Carp, Ontario,
Canada). For a subset of the captures (n=13), we monitored three physiologic parameters
during the anesthesia: rectal temperature (C), heart rate (beats per min [bpm]), and respiration
rate (breaths/min). These parameters were recorded at the beginning and end of the processing
period while the animal was still immobilized. Pregnancy status was assessed by abdominal
palpation and observation of developed mammae as a sign of lactation. The effect of
medetomidine was reversed by an intramuscular injection of 0.375 mg/kg atipamezole
(Antisedan, 5 mg/ml, Pfizer Canada) 30 min postinduction. After the atipamezole injection,
we placed the raccoon back in the trap for recovery. ‘Head-up’ time was measured as the time
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between atipamezole injection and when the animal first lifted its head. After recovery from
anesthesia (approximately 1 hr), raccoons were released at their capture site. We waited at
least six mo between immobilization events for the same animal and if the animal was
recaptured within this period, it was weighed and released immediately on site. We collected
repeated body maés data for 44 animals measured within 7 days of initial capture. We chose a
time period of 7 days because, despite animals gaining mass rapidly in both spring and
autumn, the mass gain of captured animals that were not drugged was negligible over 7 days
(= 1.04, df=43, P=0.31). We thus used that window of time to test whether capture and

chemical immobilization have short-term effects on individual mass changes.

We assessed the effect of chemical immobilization on animal weight by comparing the weight
measured the day of immobilization with a measurement within 7 days postimmobilization.
To monitor survival, radio-collared animals were located one to five times per week for at
least 3 mo after each chemical immobilization during capture sessions in 2009 and 2010. We
followed every collared female daily by radio tracking and identified den location for females
that were found in the same den for at least four consecutive days. We checked each den for
cubs with a SeeSnake micro™ Inspection Camera (RIGID, Elyria, Ohio, USA). We used the
presence of young as an index of the proportion of known pregnant females that successfully
. weaned their litter. All procedures were approved by the University of Sherbrooke's Wildlife
Animal Care Committee (FP2008-02).

Statistical analyses

Multiple linear regressions were used to test whether induction and head-up times varied with
age, sex, season (spring and autumn), drug dose, and number of immobilizations. We used a
generalized linear mixed model with binomial error structure to determine if immobilization
affected adult survival. Individual identity was included as a random effect in the model to
avoid pseudoreplication. It is logistically unfeasible to compare survival of noncaptured

animals with captured ones, as we cannot follow raccoons accurately without telemetry
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equipment, which requires an initial capture and use of anesthesia. We thus assessed the effect
of anesthesia on survival by comparing collared raccoons not anesthetized during a given
capture session (spring/autumn 2009/2010) with collared raccoons that were anesthetized in a
given session. Overall, 56 of the 67 raccoons captured were fitted with collars. Of those 56
raccoons, 23 were not immobilized during at least one trapping session and were used as
reference individuals for survival and reproductive success analyses. We used a paired #-test to
determine if anesthésia had an effect on individual body weight by comparing weight the day
of the immobilization with weight measured within 7 days postimmobilization. If required,
data were log transformed prior to analysis to-respect the assumption of normality. All
analyses were performed in the R statistical environment (version 2.10.0; R Development
Core Team, 2009).

Results

We captured 67 raccoons (34 males, 33 females) and performed 103 chemical
immobilizations. Second and third injections were necessary for 15 (15%) and two (2%)
immobilizations, respectively. We excluded immobilizations requiring repeated injections
from data analysis on induction ‘and head-up times, but included them in other analyses. Of the
86 immobilizations achieved with a single dose, 62 were performed on animals captured once,
12 on animals captured twice, 7 on animals captured three times, 4 on animals captured four
times and 1 on an animal captured five times. Rectal temperature of immobilized raccoons
ranged 36.2-39.4 C (meantSD, 37.5+0.8 C) at induction time and-35.3—39.8 C (36.9+1.2 C)
just prior to atipamezole injection. Heart rate ranged from 56—120 bpm (82.8+20.0 bpm) at
induction time and 56-120 bpm (71.7+20.6 bpm) just prior to atipamezole injection.
Respiration rate of anesthetized raccoons ranged 12--52 breaths/min (28.5+10.6 breaths/min)
at induction time and 8-40 breaths/min (21.0+9.8 breaths/min) just prior to atipamezole
injection. On average, induction time was 2 min longer for juveniles than for adults (+=2.55,
df=77, P=0.01; Table 2.1). Season also affected induction time whereby autumn induction
times were 2.6 min longer than those recorded in spring for adults and juveniles (=-3.37,
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df=77, P 0.01; Table 2.1). As the number of repeated immobilizations increased, we observed
an increase in induction time (+=3.03, df=77 P<0.01; Figure 2.1), but no effect on the dose
required to immobilize an individual (animal recapture more than one time did not required
additional injection more often compare to animal capture only once, =0.73, df=101, P=0.47).
There was no effect of sex on induction time (+=-0.12, df=77, P=0.90). Head-up time averaged
2.8+0.9 min longer in spﬁng than in autumn (#=3.15, df= 8, P<0.01). We found no effect of .
sex (=1.30, df=78, P=0.20), age (+=-1.58, df= 8, P=0.12), number of immobilizations (t=-
1.48, df=78, P=0.14) or dose (+=0.49, df=78, P=0.62) on head-up time.
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Table 2.1 Weight, induction and head-up times of raccoons immobilized with a single dose of
ketamine-medetomidine (K:M) mixture. Sample sizes (n) refer to the ﬁumber of
immobilizations in each category. Immobilizations were performed in April and October
2009-2010, at Mont-Orford Provincial Park, Quebec, Canada.

Induction Head-up

Weight
time time
mean+SD
&) mean+SD mean+SD
(min) (min)
All seasons
Juveniles
46+1.6 7.8+3.9 7.8+£3.8
(n=25) .
Adults
5.9+1.6 5.842.9 9.4+4.2
(n=61)
Total (n=86) 5.5%¢1.7 6.4+3.3 9.0+4.2
Autumn
Males (n=14) 5.4+2.4 7.7+3.2 9.344.1
Females '
6.41+2.1 7.744 .2 6.4+3.3
(m=26)
Total (n=40) 6.0+2.2 7.7+£3.8 7.4+3.8
Spring '
Males (n=22) 5.3+0.7 4.7+1.2 9.8+3.7
Females
4,7+09 5.442.5 10.6+4.4
(n=24)

Total (n=46) 50409  5.1+2.0  10.244.0

We did not observe short-term effects of chemical imm;)bilization on body weight change (=
1.04, df=43, P=0.31, n=44). Initial capture and subsequent capture mean weight +SD were
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5.02+1.6 kg and 5.05+1.6 kg, respecﬁvcly. We did not observe any immobilization-induced
mortality during captures. We found no effect of chemical immobilization on the surviQal of
56 collared raccoons immobilized during a given capture session compared to 23 animals not
immobilized but monitored by telemetry (Generalized linear mixed model: (estimate + SE)
20.74£270, z=0.08, P=0.94). Following anesthesia, the 11 collared females we identified as

pregnant successfully weaned their litters.
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Figure 2.1 Relationship between log transformed induction time (min) and the number of
immobilizations for 86 single dose anesthesias of 67 raccoons captured in April and October
2009-2010 at Mont-Orford Provincial Park, Quebec, Canada (effect: t=3.03, df=77, P<0.01).
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Discussion

The K:M mixture provided reliable anesthesia of raccoons with predictable induction and
recovery times, giving a handling time of at least 30 min. The high potency of medetomidine
(Kreeger, Arnemo ef al.,, 2002) minimizes the volume of anesthetic required and the use of
- atipamezole provides complete reversal of medetomidine at completion of processing.
Although no reversal agent is available for ketamine, animals recovered quickly once the

atipamezole was administered.

An effect of age on induction time is often reported and is typically longer for adults
(Jorgenson et al., 1990; Travaini et al., 1992; Dematteis et al., 2009). However, in our study,
we observed the inverse relationship, with juveniles showing a longer mean induction time.
The reason for this difference is unclear but could be explained by juveniles having higher
anxiety related to the capture and proximity of humans, since immobilization of nervous
animals can be i)rolonged using alpha-adrenergic agonists like medetomidine (Kreeger,
Amemo et al, 2002). The longer head-up time for juveniles compared to adults might be
explained by a difference in sensitivity to drugs between age classes (Cline ef al, 1969;
Roughton, 1975). The seasonal differences in induction and head-up times are likely due to the
difference in subcutaneous fat deposits, which are greater in autumn (Mech et al,, 1968; Pitt
et al., 2008b). With thicker adipose tissue, there is a greater probability that some anesthetic
will be injected into fat rather than muscle. Fatty tissues absorb anesthetics poorly (Kreéger,
Amemo et al., .2002), which could lead to longer induction and shorter recovery times in

autumn and the reverse in spring.

We did not observe any side effects of ketamine immobilization like convulsions, muscle

rigidity, or excessive salivation during processing. Induction times were similar to those

observed in previous studies where ketamine was used alone (Gregg & Olson, 1975; Norment,

Elliott et al., 1994). Although both ketamine and the K:M mixture appear to have slightly

longer induction times than those observed previously with other anesthetics, it is unclear

whether this is due to the drugs used, animal condition, trapping method, or trapping time, as
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these factors greatly differed among studies (Norment, Elliott et al,  1994; Belant, 2004).
Because season affects efficiency of chemical immobilization, it is important to include this
factor when comparing physiologic responses of animals. Furthermore, differences in the
definition of recovery time among studies make comparisons of this parameter difficult. For
example, some defined it as “the ability of an animal to maintain an upright position” (Belant,
2004), others as “standing and ambulating but with some minor, residual anesthetic-related
ataxia” (Lewandowski ef al., 2002; Pitt, Lariviére et al., 2006), and in most cases reco?ery
was not defined. Rectal temperatures and respiration rates of the raccoons immobilized in this
study were similar to those obtained for small to medium carnivores also anesthetized with
ketamine and medetomidine (Dzialak et al, 2001; King ef al, 2008; Shilo ef al, 2010).
However, ihe heart rate was found to be lower than those obtained for other carnivores of
similar size anesthetized with the same drug mixture (Dzialak, Serfass. et al., 2001; King,
Lapid et al., 2008; Shilo, Lapid et al, 2010) and lower than the normal heart rate for
raccoons (Evans, 2002). This might be explained by the utilization of medetomidine which

can lead to a decrease in cardiac rate (West, Heard et al., 2007).

To our knowledge, only Field et al., (2002) and Wheatley et al., (2006) assessed the effect of
repeated immobilization on induction and recovery times in wild animals. Wheatley et al.,
(2006) suggested that frequent and repeated immobilizations might increase drug tolerance in
the Weddell seal (Leptonychotes weddellii) and Field et al., (2002) showed the same pattern in
the elephant seal (Mirounga leonina). Our results support their findings, as we observed an
increase in induction time with the number of immobilizations suggesting that individual
tolerance increased with repeated exposure to drugs. The average difference in induction time
between an individual's first and fifth immobilization was 10 min. Although longer induction
times for animals first contained in a cage might not be a problem for safe handling, it could
be important for other species that are immobilized using dart guns or other projectiles.
Indeed, longer induction times might potentially increase the chances that an observer might
lose sight of a targeted animal and increase the length of time over which the animal is
stressed. The observation of drug tolerance might also be related to the type of anesthetics

used. In the studies whe;e an effect of the number of immobilizations on the induction or
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recovery time was observed (Field, McMahon ez al,, 2002; Wheatley, Bradshaw et al., 2006),
the drug mixture used always included at least one dissociative anesthetic. This is consistent
with our observations, since ketamine is a dissociative anesthetic (Frey & Conover, 2007).
Thus, possible effects of drug tolerance should be considered when repeated chemical
immobilization of animals is required and dissociative anesthetics might be more prone to lead

to tolerance.

Finally, we found no effects of anesthesia on short-term body weight, survival, or reproduction
and we observed no noticeable effects of the immobilization with K:M on raccoon behavior,
unlike what was reported following immobilization with tilethmine—zolazepam (Pitt et al.,
2006). We conclude that the K:M mixture is a safe and reliable method for anesthetizing
raccoons for handling procedures under field conditions, although drug tolerance can be

-developed for animals who are frequently immobilized.
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| CHAPITRE 3
COMPARAISON DES INDICES DE CHEVAUCHEMENT DES
DOMAINES VITAUX POUR L’EVALUATION DU TAUX DE

CONTACTS INTRASPECIFIQUES CHEZ LE RATON LAVEUR.

Introduction de ’article

" Puisqu’ils sont difficiles a quantifier sur le terrain, il existe plusieurs méthodes pour estimer
les contacts entre les animaux. Une des méthodes les plus couramment utilisées est le
chevauchement des domaines vitaux, mais les études portant sur la relation entre le
chevauchement des domaines vitaux et le taux de contacts sont trés peu fréquentes. Lors de ma
maitrise j’ai quantifié les taux de contacts réels chez les femelles ratons laveurs en utilisant des
colliers de type contacts loggers. De plus, j’ai effectué un suivi télémétrique des individus
durant I’été et I’hiver. Les données récoltées a I’aide des colliers et des suivis télémétriques
m’ont permis d’exploref la relation entre le chevauchement des domaines vitaux et le taux de
contacts. De plus, lorsque cette relation est étudiée dans la littérature, c’est généralement
effectué avec seulement un indice de chevauchement des domaines vitaux, et ce, bien qu’il en
existe plusieurs. Dans I’article qui suit, j’ai exploré la relation entre le chevauchement des
domaines vitaux et le taux de contacts en utilisant les cinq indices de chevauchement des
domaines vitaux les plus couramment utilisés. L’article présente la méthode de suivi
télémétrique ainsi que la relation entre le chevauchement des domaines vitaux et le taux de
contacts. Encore une fois, ma contribution a cet article a été¢ importante puisque j’ai effectué le
terrain, les analyses, écrit 1’article et coordonné le processus de publication. La Pre. Fanie
Pelletier et le Pr. Dany Garant m’ont encadré durant le projet et la préparation de cet article, et

ont judicieusement commenté toutes les versions préliminaires.
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Keep in touch: does spatial overlap correlate with contact rate frequency?

Par
Karine Robert, Dany Garant et Fanie Pelletier

Journal of Wildlife Management, soumis décembre 2011

Abstract

Quantifying animal contact rate is crucial both in fundamental and applied studies to
understand the evolution of sociality and predict the spread of infectious diseases. Researchers
typically use home range overlap among individuals as a proxy of contact rate, assuming a
positive correlation. However, very few studies have assessed how the correlation of home
range overlap and contact rate may vary with ecological context. We used proximity proximity
loggers to quantify intraspecific contact rate among wild raccoons and explored the correlation
between contact rate and home range overlap in different seasons. We monitored 15 female
raccoons that formed 121 dyads during summer 2010 and winter 2011. We compared contact
rate with the 5 most common overlap indices: home range overlap proportion (HRP), home
range overlap probability (PHR), utilization distribution overlap index (UDOI), volume of
intersection index (VI) and Bhattacharyya’s affinity index (BA). Our results generally
supported the contention of a positive and significant correlation between home range overlap
and intraspecific contact rate in raccoons. The strength of the relationship differed among
seasons and indices, being lower during winter than summer for HR and PHR. When contact
rates were high, their frequency had stronger correlations with the UDOI and VI indices than
with the other indices. Our results suggest that the UDOI performs better than other indices, as
we obtained a good contact rate — home range overlap correlation with this index with animals

both aggregated and randomly distributed in space.
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Introduction

Understanding why animals live in groups and with whom they associate is a topic of great
importance in behavioral ecology (Hinde, 1976, Madden et al., 2009, Frére et al., 2010). The
identification of factors that affect animal contact rates is essential to understand the evolution
of sociality. Recently, epidemiologists and population ecologists have also become interested
in how animal contact rates may affect the dynamic of infectious diseases (C6té and Poulin,
1995, Dexter, 2003, Grear et al., 2010). Transmission of disease such as rabies, hantavirus,
lyme disease, brucellosis, or monkeypox often requires close contact between infected and
susceptible hosts and should be faster within social than solitary species (Craft et al., 2008).
As a result, researchers are interested in quantifying contact rates under field conditions both
in humans (Cauchemez ef al., 2011) and wild animal populations (Dexter, 2003, Béhm et al.,
2008, Habib et al., 2011).

As intraspecific contact rates are very difficult to measure, several studies have used
radiotracking data to estimate home range overlap as a proxy for contact rates (Kenward and
Hodder, 1998, Millspaugh et al., 2000, B6hm et al., 2008). Although it seems reasonable to
aésume a positive correlation between home range overlap and contact rate, the strength of this
association has rarely been assessed (but see Schauber ef al., 2007). The relationships
between home range overlap and contact rates might vary among species and could be
affected by season or sex-age class. For example, females of a species are often more solitary
when lactating and more social during non-reproductive periods (Creel and Creel, 1991,
Eberle and Kappeler, 2006). This change and others in social behaviour could affect the
relationship between contact rate and home range overlap across different seasons and can

vary by sex-age class.
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A wide range of analytical techniques can be used to calculate home range overlap (reviewed
by Fieberg and Kochanny 2005). There are 2 principal methods to calculate home range, one
that takes into account the animal utilization distribution (UD) (Van Winkle, 1975), based on
animal space use, and one that does not (Fieberg and Kochanny, 2005). Thus, the home range
overlap that takes into account the UD should provides a better estimation of intraspecific
contacts, as it gives a more accurate estimation of the overlapping area. The widespread use of
kernel home range estimators has led to the development of multiple UD-based overlap
indices (Fieberg and Kochanny 2005). -

Proximity loggers (Prange ef al., 2006) now allow researchers to record when individuals
come within a predefined distance from each other (Prange et al., 2006). These devices can be
used to test the assumption that home range overlap correlates with the rate of animal contacts.
Collars with proximity loggers can efficiently record continuous contact data. Our objective
was to assess the relationship between contact rates and home range overlap using raccoons as
a model system. Raccoons are a good model species to assess whether the relationship
between overlap and contact rate changes according to the level of sociality of a species, as
some individuals use communal dens during winter (Prange, Gehrt ef al., 2011) which may
lead to higher contact rate than during summer (Rosatte et al., 2006). Raccoons-are also of
epidemiological concern as principal host of the raccoon variant of rabies (McLean, 1975).
We also have good behavioral data suggesting that females are philopatric (Gehrt and Fritzell
1998), form associations (Gehrt and Fritzell 1998) and can have extensive overlap between
home range (Gehrt and Fritzell 1998). Thus, exploring the correlations between home range
overlap and contact rate in raccoons can bring additional information on their ecology as well

as knowledge useful for wildlife managers.

We compared the relationship between spatial overlap and contact rate using different home
range overlap indices. As several home range overlap indices have been proposed, we
calculated all indices reviewed by (Fieberg and Kochanny, 2005). We also tested the
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relationship between contact rate and overlap among seasons. Raccoon sociality ranges from
largely solitary during summer to highly gregarious in winter dens (Gehrt, 2003). As raccoons
considerably reduce their activities during winter (Gehrt, 2003), their space use also differs
greatly among seasons. We therefore expected that seasonality in space use may influence the

relationship between contact rate and home range overlap.

Study area

Our study area 55 km2 Mont-Orford Provincial Park, Québec, Canada (72° 14’ 18”°W,

45°21°39°°N). The climate was characterized by relatively short summers, long and cold
winters, with a mean low of -13.4° C, and mean high of 20.9° C (Environment Canada, 2011).
The study area consisted of a continuous mature forest dominated by sugar maple (Acer

saccharum) with a campground of more than 300 sites.

Methods

We captured raccoons during spring (April 2010 and April 2011) and autumn (October 2010)
using cage traps (Havahart® Products, Pennsylvania, USA) baited with fresh mackerel or
canned sardines and canned corn. Traps were opened daily in late afternoon (1700-1900),
checked at sunrise and closed during the day during. During each trapping session (April
2010, October 2010 and April 2011), 66 traps were set 100 m apart over a 1000 m x 500 m
grid and opened during 30 nights. We concentrated our trapping and monitoring efforts in the
Stukely sector of the park using the trapping grid, in order to capture every raccoon and to
install a radiocollar to every adult female residing in that zone. Once we did not capture new
individual we expanded our trapping to peripherals zones, in order to install remaining collars.
Captured raccoons were weighed in the trap, then immobilized with a 1:1 mixture by volume
of ketamine (Vetalar® 100 mg/ml, Bioniche Canada Inc., Belleville, Ontario, Canada) and
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medetomidine (Domitor® 1 mg/ml, Pfizer Canada Inc., Kirkland, Québec, Canada)
administered by intramuscular injection with a hand syringe (details in Robert ef al, 2012).
Once the animal was immobilized, we applied ophthalmic ointment to eyes to prevent
desiccation. Raccoons were then sexed, measured, and marked and 2 colored plastic ear tags
(Dalton ID Systems Ltd., Henley-on-Thames, Oxon, England). All animals also received a pit
- tag (AVID Canada®, Calgary, Alberta, Canada) which was injected subcutaneoﬁsly on the left
shoulder with a syringe applicator. Adult females (> 5 kg) were fitted with a proximity data
logger placed within a VHF collar (Sirtrack©, Havelock North, Hawkes Bay, New Zealand).
After processing '(30 min post-induction), medetomidine was reversed by an intramuscular
injection of 0.375 mg/kg atipamezole (Antisedan® 5 mg/ml, Pfizer Canada Inc., Kirkland,
Québec, Canada). Following antidote injection, the raccoon was placed back in the trap until
recovery and then released at its capture site. All procedures were approved by the Université
de Sherbrooke's Animal Care Committee (FP2008-02).

We programmed proximity loggers were programmed to register every time an animal was
within 1.87 m (+ 0.20) of another animal with a logger. The collar settings are not flexible, the
2 smallest distances were 0.50 m and 1.87 m. We chose 1.87 m since raccoons are able to see
each other and interact at that distance. A new encounter was logged when 2 units were
separated for at least 30 seconds by > 1.87 m. The logger recorded the collar ID, date, time,
count and duration of the contacts. Data were stored in the collar until the animal was
- recaptured. They were then downloaded for analyses. The contact rate was defined as the
number of contacts per week for a given dyad. Also, since most raccoons had their collars
installed on different days, the total number of contacts of a given dyad was divided by the
number of weeks when both individuals were simultaneously collared.

Proximity data loggers were equipped with VHF transmitters, which permitted weekly
relocations dixring summer 2010 (April through August) and winter 2010-2011 (November
through March). During summer, we located radiocollared raccoons at least 5 times a week
(once during day time and 4 times during the night) for 32 £ 1.1 mean * SE locations per
individual. During the day, we located raccoon on foot with a portable 3-element Yagi antenna
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(ATStrack, Minnesota) and receiver (Communications specialists inc., California). Daytime
locations were taken with a GPSmap 76CSx (Garmin®). At night, we located raccoons from 1
hour after sunset until 1 hour before sunrise by triangulation (White and Garrott, 1990) from 3
fixed stations. The 2 or 3 directional bearings were taken within 5 minutes. We used the
program LOCATE III to determine each. location of an individual (Nams, 2006). We obtained
1 nighttim¢ location per day for every animal during 4 days per week systematically. During
summer, 2 nighttime locations per week were taken between 1 hour after sunset and midnight
and the other 2, between midnight and 1 hour before sunrise. The order in which animals were
tracked was randomly changed every day. To ensure biological independence (Lair 1987) of
the location data, we recorded only one daytime and nighttime location per raccoons per day.
Summer home range were calculated from at least 1 daytime location per week and 2
nighttimes location per week for a mean + SE of 32 + 0.3 number of locations. During winter,
we located radiocollared individuals on foot once a week at their den with a portable antenna
. for a mean + SE number of locations of 19 + 0.6. Bearing precision was estimated to be SD =
3.52° based on 75 bearings on 5 test transmitters placed randomly in the radiotracking zone.
We conservatively estimated error associated with locations to be <8 m for daytime locations

and <100 m for nighttime locations.

We estimated summer and winter home ranges using the fixed kernel (hr) (Worton, 1989). It
have been shown that using kernel estimator it is possible to obtain accurate estimate using as
few as 10 fix per month (Borger, Franconi et al, 2006), we thus used 10 locations per
month/individual. However, as the females did not always had their collars at the same time
and that some individual died during the study the mean number of locations for the summer
period we used a minimum of 30 locations as the criterion for home-range estimation during
summer and 19 during winter. We calculated home ranges with the Adehabitat package
(Calenge, 2006) for R software (version 2.10.0, R Development Core Team 2009) at 95% and
50 % isopleths. The 50 % and 95 % isopleths are most widely used in the literature and

represents respectively the core area and the full home range.
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All 5 indices reviewed by Fieberg and Kochanny (2005) typically range between 0 (no
overlap) to 1 (complete overlap) unless stated otherwise. Below, we briefly describe each
index (but see Fieberg and Kochanny, 2005). The Home Range overlap proportion (HR) is
equal to the proportion of home range overlap area of animal A and B divided by the home
range area of animal A. This index is calculated for each individual of the dyad. The Home
range overlap probability (PHR) index estimates the probability finding animal A in animal’s
B home range according to the animals UD. This index is also calculated for each individual
of the dyad. The Utilization distribution overlap index (UDOI) quantifies overlap based on the
product of the UD of 2 individuals. It generally ranges between 0 (no overlap) and 1 (100 %
uniform distribution), but it can be >1 if the UDs of the 2 individuals are aggregated in space
and show much overlap (Fieberg and Kochanny, 2005). The Volume of intersection index
(VI) assesses overlap by comparing the shape and the location of the UD of 2 individuals and
calculating the volume of intersection from the 3-dimensional surface of the home ranges
(Seidel, 1992). This method provides a single measure of overlap that is calculated from the
full UD of both individuals. Finally, Bhattacharyya’s affinity (BA) index estimates the extent
of overlap by measuring the similarity between the UD of 2 animals (Bhattacharyya, 1943,
Fieberg and Kochanny, 2005). We calcﬁlated home range ovei'lap indices were using the
Adehabitat package (Calenge, 2006) for R software (version 2.10.0 R Development Core
Team 2009).

Statistical analyses

We first tested the difference in contact rates between winter and summer using a linear
mixed-effects model with Gaussian error distribution. As the contact rate differed greatly
among seasons, we standardized contacts data (zero mean and unit variance) prior to analysis.
As an individual can be represented in several dyads we included dyad identity as a random
effect in each mixed model. We also used a linear mixed-effects model with dyad identity as a
random effect to test for seasonal changes in the relationship between contact rate and home
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range overlap by fitting an interaction between overlap and season. We conducted Mantel tests
between contact rates and home range overlap indices to test the strength of the relationship
between contact rate and the overlap index at each isopleths during each season. To assess
whether an overlap index performed better than others, we compared the Mantel test
correlation coefficients using pairwise comparisons. We used the same épproach to assess, for
each index, whether the correlation differed according to the percentage of the localizations
used to calculate the home range (core area or home range). We also determined if the slope of
the contact rate — home rage overlap relationships differed among indices and according to the
percentage of the localizations used to calculate the home range (core area or home range). We
used a Bonferroni correction to account for multiple comparisons (Rice 1989). All analyses

were performed in the R statistical environment.

Results

~

During the trapping sessions conducting in April 2010, October 2010 and April 2011, we
captured 26, 34 and 16 raccoons respectively. On average 92 % of the marked adult female
raccoons were fitted with a proximity logger. During the study, 87 % (23/27) of the proximity
logger were recovered with data we did not observe any logging errors or battery failure

(Table 3.1).
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Table 3.1 Proximity loggers utilization installed on 15 female raccoons during summer 2010
(April through August) and during winter 2010-2011 (November through March) in the Mont-
Orford provincial park, Québec, Canada.

Loggers Loggers Loggers
used recovered with data

Summer 2010 12 11 11
Winter 2010-2011 15 12 12
Total 27 23 23

We monitored contacts and space use of 15 females throughout the year, including 55 dyads
during summer and 66 during winter. Each collar recorded between 7 and 16383 contacts, for
a mean (+ SE) of 4332 + 1051. Contact rates were higher in winter (35.0 + 4.21) than summer
(15.0 + 2.58) (linear mixed model:[estimate + SE] 0.71 £ 0.23, ¢ =3.07, P < 0.01). We found a
significant interaction between season and home range overlap for HR (Table 3.2a) and PHR
(Table 3.2b) at 50 isopleths (core area) as a predictor of contact rate, suggesting that the
correlation between contact raté and home range overlap was lower in winter than summer for
these 2 indices at this isopleths. The interaction was not significant for the HR and PHR
indices at the 95% isopleths (home range) and for the other 3 indices at 50 and 95% isopleths
(see Table 3.4 and 3.5 for results).
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Table 3.2 Effects of home range overlap on contact rates (contacts/week) obtained from 55
dyads of female raccoons during summer 2010 (April through August) and from 66 dyads
during winter 2010-2011 (November through \March) in the Mont-Orford provincial park,
Québec, Canada. Parameter estimates were from a linear mixed effect model including dyad

identity as a random effect and are presented for the home range overlap proportion (HR) and
home range overlap probability (PHR) at core area (isopleths 50), for which we found an

interaction between season and home range overlap. Sample size was 121 dyad from 15

female raccoons.
Coefficient SE t value P value

’ (adjusted)
a) HR .
Intercept -0.36 0.14 -2.55 0.012 »
Season (winter) 0.20 0.20 1.03 0.313
Home range overlap  2.83 0.54 5.22 <0.001
Season x overlap -2.19 0.66 -3.30 0.003
b) PHR
Intercept -0.49 0.14 -3.47 0.001
Season (winter) 0.06 0.21 0.29 0.777
Home range overlap 4.92 0.84 5.82 <0.001
Season x overlap -3.24 0.94 -3.46 0.002
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In summer, Mantel tests revealed a positive relationship between contact rate and home range
overlap regardless of the index used (Table 3.3a). The percentage of locations used to
calculate home range that were also used to estimate home range overlap had little influence
on the relationship between contact rate and home range overlap. The correlation coefficient

was similar among isopleths for a given index (Table 3.3a).

During winter, the correlation between contact rate and home range overlap was lower using
the HR index at core area (Table 3.3b) and higher using the VI and UDOI indices at home
range. During winter, the isopleths at which the home range overlap was estimated affected
the correlation only if the index used did not account for animal space use (HR index), being

lower at core area (3.3b).
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Table 3.3 Mantel tests for the correlations between contact rate (contacts/week) and home
range overlap calculated using 5 methods: home range overlap proportion (HR), home range
overlap probability (PHR), utilization distribution overlap index (UDOI), volume of
intersection (VI) and Bhattacharyya’s affinity (BA)at core area (50%) and full home range
(95%). Data were obtained from 55 dyads of females raccoons during summer 2010 (April
through August) and from 66 dyads during winter 2010-2011 (November through March) in
the Mont-Orford provincial park, Québec, Canada. The correlation coefficients (+ SE) (r) are
reported and values in bold were statistically significant. Differences among correlation

coefficients are indicated by a letter.

Seasons Isopleths
A) Summer
50% 95%
HR 0.64" (0.11)  0.59"(0.08)
PHR  0.65"(0.11)  0.55 (0.08)
UDOI  0.59*(0.11)  0.63"(0.10)
VI 0.65* (0.08)  0.65" (0.08)
BA 0.62* (0.08)  0.62" (0.08)
B) Winter
HR 0.10%(0.03)  0.40"(0.06)
PHR  0.45°0.06) 0.37°(0.06)
UDOI  0.50™ (0.16) 0.82°(0.11)
VI 0.58°(0.12) 0.58™(0.12)
BA 0.49° (0.12)  0.49"(0.12)
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Table 3.4. Linear mixed effect models of the effects of season, the home range overlap
calculated using 5 indices: home range overlap proportion (HR), home range overlap
probability (PHR), utilization distribution overlap index (UDOI), volume of intersection (VI)
and Bhattacharyya’s affinity (BA) on contact rate of females raccoons at Mont-Orford
prdvincial park, Québec, 2010-2011, giving estimates, standard errors and t value. Sample size
was 191 observations from 93 different dyads. Dyad identity had significant effect and was

included as a random term.
Coefficient SE t value P value
(adjusted)
HR 95
Intercept -0.66 0.17 -3.91 <0.001
Season (winter) . 0.08 0.25 0.31 0.759
Home range overlap 2.33 0.43 5.39 <0.001
Season x overlap -0.75 0.61 -1.24 0.228
PHR 95
Intercept -0.60 0.17 -3.60 <0.001
Season (winter) -0.01 0.26 -0.04 0.966
Home range overlap 1.83 0.36 - 3.09 <0.001
Season x overlap -0.43 0.52 -0.83 0.416
UDOI 50 .
Intercept -0.29 0.12 -2.36 0.021
Season (winter) 0.10 0.16 0.63 0.533
Home range overlap 10.61 199 533 <0.001
Season x overlap -1.75 2.53 -0.69 0.494
UDOI 95
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Intercept
Season (winter)
Home range overlap

Season x overlap

V150
Intercept
Season (winter)
Home range overlap

Season x overlap

VI95
Intercept
Season (winter)
Home range overlap

Season x overlap

BA 50
Intercept
Season (winter)
Home range overlap

Season x overlap

BA 95
Intercept
Season (winter)
Home range overlap

Season x overlap

-0.44
0.09
1.99
-0.57

-0.57
0.22
2.83
0.73

-0.57
0.22
2.83
0.73

-0.64
0.27
1.93
0.19

-0.64
0.27
1.93
0.19

0.11
0.14
0.29
0.33

0.14
0.18
0.47
0.77

0.14
0.18
0.47
0.77

0.16
0.21
0.35
0.58

0.16
0.21
0.35

0.58

-3.91
0.59
6.78
-1.73

-3.98
1.22
6.02
0.95

-3.98
1.22
6.02
0.95

-3.92
1.30

545

0.33

-3.92
1.30
5.45
0.33

<0.001
0.560

<0.001
0.095

<0.001
0.233

<0.001
0.349

<0.001
0.233

<0.001
0.349

<0.001
0.206

<0.001
0.742

<0.001
0.206

<0.001
0.742
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Table 3.5 Slopes of the Mantel tests results for the correlations between the overlap of home
ranges calculated using 5 different indices: home range overlap proportion (HR), home range
overlap probability (PHR), utilization distribution overlap index (UDOI), volume of
intersection (VI) and Bhattacharyya’s affinity (BA) at calculated at 2 isopleths core area
(50%) and full home range (95%) and the contact rate (contacts/week) obtained from 55 dyads
of females raccoons during summer 2010 (April through August) and from 66 dyads of
females raccoons during winter 2010-2011 (November through March) in the Mont-Orford
provincial park, Québec, Canada. The slopes (+ SE) are reported. Values in bold are

significant. Differences among slope are indicated by a letter.

Season Isopleths
a) Summer ‘
50% 95%
HR 0.17* (0.04) 0.14*" (0.03)
PHR 0.29" (0.06) 0.11" (0.02)
UDOI 0.62* (0.25) 0.12* (0.13)
VI 0.17** (0.03) 0.17** (0.03)
BA 0.11° (0.02) 0.11° (0.02)
b) Winter _
HR 0.66° (0.68) 2.72* (0.70)
PHR - 3.03* (0.80) 2.41% (0.79)
UDOI 3.82* (0.53) 42.46° (6.94)
VI 6.13* (2.11) 6.13* (2.11)
BA 3.66* (1.35) 3.66™ (1.35)
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- Discussion

Quantifying contacts rate in the field is often difficult, thus proxies such as home range
overlap can be useful to estimate contact rates. However, the relationship between home range
overlap and contact rate have rarely been assess in the field (but see Schauber et al., 2007).
We found that contact rate is positively and significantly correlated with home rangé overlap.
However seasonality had a strong effect on the magnitude of this relationship, which changed
with the distribution of animals in space. We observed higher contact rates during winter than
in summer, supporting observations that female raccoons are more gregarious in winter
(Gehrt, 2003). We also found that when raccoons were widely spaced (summer), the 5 indices
performed similarly as predictors of contact rates. However, when the animals were more

~ gregarious (winter), VI and UDOI were better predictors of contact rate than other indices.

Two indices were more influenced by the distribution of the animals in space: HR and PHR.
Since HR index is an area-based measure and does not take into account the UD (Fieberg and
Kochanny, 2005) the HR home range overlap estimation will be similar for 2 overlapping
zone of a same area regardless of the animals overlapping utilization. Although raccoons had
larger overlap in winter than in summer, according to their home range they were more
aggregated in space. Thus, the estimation of the home range overlap with the HR index did not
take into account the higher probability of contact in winter, which has probably led to a
weaker home range overlap — contact rate relationship in winter. The PHR index is based on
the probability to find animal A in animal’s B home range (Fieberg and Kochanny, 2005). The
PHR index is not an quantification of the space use sharing but an estimation of the probability
to find animal A in animal’s B home range and thus, might be more influenced by the
distribution of animals in space.
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To our knowledge, only one study (Schauber et al., 2007) explored the relationship between
home range overlap and contact rate in the field. They reported that home range overlap,
estimated from VI index, was not a good estimator of direct contacts among white tailed deer.
Our results do not support their finding as we found a strong relationship between home range
overlap estimated from VI index and contact rates in raccoons. There are 2 potential
explanations for these'contrasting results. First, the biology of the species (an ungulate versus
a medium-size carnivore) might lead to difference in the correlation between contact rates and
spatial overlap. Although sociality among raccoons and white tailed deer seems different, they
share many similarities as they are more solitary in summer (Nixon ef al, 1992, Bertrand et
al., 1996, Gehrt, 2003) and gregarious in winter (Hirth, 1977, Gehrt, 2003). Thus, we suggest
that the difference among species is unlikely to explain the differences among results. The
second explanation is methodological. Schauber et al, (2QO7) used GPS collars to estimate
contact rates. With this approach, direct contact rates were estimated from distances ranging
from 10 m to 100 m with a median positioning error of 8.8 m. In addition, contacts rates
obtained using GPS collars were based on hourly data recordings, which do not account for
frequency of relocations. Thus, not every dyadic contact was recorded which might have led to
a weaker estimation of contact by the joint space use. In contrast, proximity loggers allowed
us greater resolution in space and time by recording contacts every time 2 raccoons were
within less than 2 m and the duration of the contacts in second. More studies are required to
evaluate the strength of the relationship between home range overlap and contact rate for

different species.

During summer, animals were less aggregated than in winter and the 5 indices performed
equally well. This suggests that when space use is relatively uniform, the correlation between
contact rate and home range overlap is little affected by the method used. This suggestion is
supported by our results comparing the HR index to other indices. As the HR index does not
account for animal distribution in space (Fieberg and Kochanny, 2005), it will provide a home
range overlap results similar to those éstimated by other indices if space use is uniform

(Fieberg and Kochanny, 2005). The contact rate — home range overlap relationships were also
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equivalent among isopleths for each index, suggesting that when individuals are well
distributed in space, the size of the home range used to calculate overlap had little influence on
the estimation of contact rate.

In winter, when animals were aggregated, the correlation obtained between home range
overlap and contacts rate was stronger using the VI and UDOI indices. Although the
correlation between home range overlap and contact rate was not statistically different using
these 2 indices, the correlation coefficient was 24% higher with the UDOI index at home
range, but was 8 % lower at core area. Thus, when estimated over the entire home range our
results support the suggestion by Fieberg and Kochanny (2005) that the UDOI index was a .
better estimator of space use sharing than VI. We also found that the degree of space use can
affect the correlation between contact and overlap, but only when using the HR index, which
does not account for the UD (Fieberg and Kochanny, 2005).

Our results are surprising for a largely solitary animal as raccoon as we would expect
avoidance among congeners during summer. These results however could be explained by
female biased philopatry in raccoons. Previous studies have shown that females often share
dens and forage together (Gehrt 1994) and that they exhibit extensive overlap (Gehrt and
Fritzell 1998; Gehrt and Fritzell 1998). Social tolerance in female raccoons probably occurs
between related individuals (Gehrt and Fritzell 1998) which are generally found in their
neighborhood following philopatry.

Our results could be affected by different environmental and individual factors. In fact, the
size of the home range and the overlapping zone are influenced different environmental
factors such as resources abundance and distribution (Maher and Lott 2000) and landscape
fragmentation (Atwood and Weeks 2003). Scarce resources will generally lead to extensive
home range overlap (Maher and Lott 2000), thus to an higher probability of encounter.
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Moreover individual characteristics such as genetic relatedness can influence social tolerance
among individuals (Gehrt and Fritzell 1998). It have been reported in solitary mammal species
that individuals were more tolerant toward their kins than unrelated individuals (Rogers 1987;
Koprowski 1996; Gehrt and Fritzell 1998). In gregarious species others factors might affect
contact rate among individuals (Vander Wal, Yip et al,, In press). It has been shown in elk, for
example, that density affected differently male and female contact rate (Vander Wal, Yip et al.,
In press). At high density male contact rates were higher than at low density in contrast,
. female contact rate did not differ (Vander Wal, Yip et al., In press). Although the factors that
affect contact rate and the home range size are different as we move along the continuum from

solitary to gregarious species we expect to find similar results as ours.

Management Implications

Home range analyses are widely used in field studies (White ef al., 1994, Dexter, 2003, Bohm
et al., 2008). Our results support the assumption that increase in home range overlap lead to
higher contact rate and thus, in absence of detailed behavioral data, home range overlap can be
used as a proxy of contact rate among animals. This is an important result because standard
telemetry data have been collected for decades and are more widely available than contact
rates data. However, our results also showed much variability in contact rate (summer : CV =
193%; winter : CV = 231%) between individuals as well as seasonal variation. Researchers
should therefore be cautious when making inference about contact rate based on indices of
home range overlap alone. The choice of the overlap index as proxy of contact rate must be
done thoroughly according to the purpose or the study, the species, the environment and the -
period of the year. Thus, we suggest that home range overlap can be use as a proxy of contact

rate for wildlife disease management, but managers should also be aware of the large error

margin.
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CHAPITRE 4
DETERMINANTS INDIVIDUELS ET ENVIRONNEMENTAUX DU
TAUX DE CONTACTS CHEZ LES FEMELLES RATONS LAVEURS

Introduction a ’article

L’objectif de cet article était d’explorer les facteurs environnementaux et individuels qui
influencent la structure sociale chez les femelles ratons laveurs. Pour ce. faire, j’ai vérifié
comment les taux de contacts changeaient en fonction des saisons. Par la suite, j’ai étudié les
effets de la température et de 1’apparentement sur les taux de contacts. Cette étude est parmi
les premiéres & étudier I’impact des effets écologiques sur le taux de contacts en utilisant les
colliers de type « contacts loggers » pour quantifier les contacts. Les résultats de cette étude
permettent d’apporter des indices sur les facteurs, tels que des contraintes environnementales,
qui pourraient avoir une influence sur la variabilité de socialité que I’on observe entre les
populations animales. Ma contribution & cet article a été considérable puisque j’ai effectué la
récolte des données, les analyses, et la rédaction. J’ai été encadrée lors de ce chapitre, comme
pour les précédents, par la Pre. Fanie Pelletier et par le Pr. Dany Garant qui ont également
révisé plusieurs versions de cet article. Eric Vander Wal, étudiant au post-doctorat dans le
laboratoire de la Pre. Fanie Pelletier, m’a fournit des codes du logiciel statistiques R qui m’ont

permis d’organiser et d’analyser mes données.
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Environmental and individual determinants of contact rate in female raccoons.

Par

Karine Robert, Dany Garant, Eric Vander Wal et Fanie Pelletier

Abstract

Animals are organized in a wide range of social structures. Variability in sociality is found
both within and among species and is influenced by environmental and individual factors. To
identify the factors influencing sociality in wild species, it is crucial to obtain quantitative data
on animal interactions, including their frequency and duration, over long periods of time.
While the majority of mammals are solitary, studies on pairwise interactions have generally
been conducted on gregarious species. Mammals considered solitary, however, often exhibit
context-specific social behaviours; although these social behaviours are less common and
harder to observe than within gregarious species. In this article, we used proximity-logging
biotelemetry collars to quantify intraspecific contact rate among raccoons. We tested the effect
of extrinsic (season and temperature) and intrinsic (individual relatedness) variables on contact
rate. We monitored 15 female raccoons from April 2010 to August 2011 which comprised 120
dyads. We found that female raccoons had higher contact rates during winter (mean + SE:
24.1 £ 4.2) than summer (3.0 + 2.6). We also found a negative relationship between ambient
temperature and contact rate, which suggested that female raccoons use social
thermoregulation as a mechanism to reduce energetic costs in cold environments. Finally, we
found that relatedness was positively correlated with contact rate during summer and winter.
Studies on solitary species that show social flexibility, such as raccoons, provide insights on

factors that might play a major role in the evolution of sociality.
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Introduction

Animal social systems range from predominantly solitary to eusocial species. For decades,
researchers have been interested to identify the factors shaping sociality at the inter-specific.
level (Eberhard 1975; Schwarz et al., 2007) as well as quantifying the costs and benefits of
social behaviours. Social structures of animal populations are closely linked to conspecifics
interactions (Krause and Ruxton 2002). Thus, animal interéctions can be used to explore how
variation in sociality affects specific behaviours, such as mating (Clutton-Brock 1989; Gehrt
and Fritzell 1999) and foraging (Beauchamp 2005; White and Harris 1994). Interactions and
contact rates are also very important factors in epidemiology (Lloyd-Smith et al., 2005; White
and Harris 1995) as infectious diseases will spread more rapidly in gregarious species that in
solitary one (Begon et al, 2002). Thus, understanding the factors affecting the degree of
sociality is crucial for both fundamental and applied research.

There are many benefits associated with group living, such as dilution of predation risk
(Hamilton 1971), reduction of heat lost (Hwang et al.,, 2007), increase in foraging success
(Giraldeau and Caraco 2000) and reduced movement costs (Krause and Ruxton 2002).
However, group living also involves a number of costs: increase of transmission of pathogeris
and parasites (C6té and Poulin 1995) and of competition for resources (Krause and Ruxton
2002). Thus, sociality has evolved as a result of a trade-off between the benefits and the costs
of grouping for the fitness of the animals (Silk 2007). Intraspecific variation in sociality, also
known as social flexibility, occurs in a wide range of species (Lott 1984). Context-specific
variation in sociality has been observed in solitary species. Fdr example, complex social
structure was observed in mammals known to be solitary such as cheetahs (Caro 1994), small
Indian mongoose (Herpestes javanicus) and raccoons (Gehrt and Fritzell 1998a, b).
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Environment variability (Lott 1991) and individual genetics characteristics (Hamilton 1964)
have been posited to explain intraspecific variation in social systems. For endotherms, such as
mammals, variable temperatures have been shown to influence social structure (Hwang ef al.,
2007; Willis and Brigham 2007b). Endotherms need to maintain high and constant internal
body temperature (McNab 2002), which leads to greater energetic costs especially at low
temperatures. The cost of maintaining high and constant body temperature is reduced when the
animals group (Hwang ef al., 2007; Willis and Brigham 2007b). Indeed, communal denning
can lead to a reduction of thermal conduction and body fat lost (Hwang et al., 2007; Merritt
and Zegers 2002). Thus, in cold environment animals that den communally potentially save
energy that can be allocated into survival and/or reproduction. The occurrence of communal
denning should increase with a decrease of ambient temperature (Ebensperger 2001). Thus,
group formation of solitary species in cold ‘temperature could therefore be explained, at least

partially, by social thermoregulation.

Kin selection theory predicts that relatedness is a major factor in the evolution of sociality
(Eberhard 1975; Hamilton 1964). Fitness advantages are accorded to individuals that
cooperate with related conspecifics in activities such as foraging and alloparenting.
Cooperating individuals also receive indirect fitness benefits via the reproductive success of
their kin. However, for sociality to persist both direct and indirect fitness benefits need to
outweigh the costs of cooperating. Related individuals have been observed to cooperate more
frequently than unrelated individuals, and thus have more interactions, in a wide range of
mammals, such as rodents (Lacey and Wieczorek 2004; Viblanc et al., 2010), carnivores
(Gompper et al., 1997; Packer et al., 1991) and ungulates (Nituch et al., 2008).

Although more species of mammals are solitary than gregarious (Jarman and Kruuk, 1996),
group-living mammals have been the focus of most studies of social behaviours, as they are
more easily observed (Alexander 1974; Dunbar 1988; Festa-Bianchet 1991). The aim of this
article is to investigate the environmental (extrinsic) and individual (intrinsic) factors affecting

51



sociality in a meso-carnivore, the raccoon. Raccoons are typically solitary carnivores
(Kaufmann 1982), where the peaks of their activity is thought to involve infrequent contacts
with other adult conspecifics (after Waser and Jones 1983). However, raccoons are known to
form family groups consisting of a female and her yearling (Gehrt 2003). Raccoons have also
been observed forming winter denning groups consisting of adults and juveniles of both sexes
(Whitney 1952). Furthermore, exclusive male coalitions have been observed in raccoons
(Gehrt and Fritzell 1998b; Pitt et al., 2008). Thus, raccoon social structure appears to be more
complex than previously reported.

Radiotelemetry data revealed that raccoon dispersal occurs predominantly in males (Gehrt and
Fritzell 1998) while females are more philopatric. Several studies have shown extensive
overlap between female’s home range, females associations (denning and traveling together)
and behavioral tolerance (Gehrt and Fritzell 1998). Females associations and tolerance could
be explained by genetic relatedness and spatial proximity of related individuals as it have been
shown that females that were more related were more spatially closer (Coté ef al.,, 2012) and
that genetic similarities was positively correlated with home range overlap (Ratnayeke ef al.,

2002).

In this study, we specifically assess the social flexibility of female raccoons by investigating
factors affecting their contact rates among seasons and by assessing whether they form kinship
associations during winter. Quantifying the level of sociality for a species or a population can
be done using different approaches. One of them is to measure fine-scale interaction rates
(hereafter contact-rates) (Frére et al., 2010; Hinde 1976; Palla et al., 2007). Due to advances in
bioteleme&y technology, it has recently become possible to quantify pairwise animal contacts
using proximity-based data-logging biotelemetry collars. This technology is an objective and
accurate method to quantify contact rate within a predefined range, which has been
successfully employed on various species including raccoons (see Prange et al, 2006,
Goodman 2007, Walrath ef al., 2011, Vander Wal et al., 2012). As raccoons den communally
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at low temperatures we expect to find higher contact rates during winter than summer.
Because temperature is variable during winter we also predict that contact rate will vary within
that season, increasing at lower temperatures. Given the probability of kin-based social
groups, we further predict that contact rate will increase among relatives, particularly during
winter. As raccoons are solitary during summer, however, we do not expect'relatedness to

influence contact rate during this season.

Materials and methods

Study area and captures

We radiotracked female raccoons from April 2010 to April 2011 on a 58 km? study site in
Mont-Orford Provincial Park, Québec, Canada (72° 14’ 18°W, 45°21°39>°N). We captured
raccoons on three occasions: spring (April 2010 and 2011) and autumn (October2010). During
each trapping session (lasting for 20 days), 66 traps were set 100 m apart over a 1000 m x 500
m grid. Traps were opened daily in late afternoon (1700-1900), checked at sunrise, and closed
during the day. Raccoons were caught in live traps (Havahart® Products, Pennsylvania, USA)

baited with a mixture of fresh mackerel and/or canned sardines and/or canned corn.

Captured raccoons were weighed in the trap, then immobilized with a 1:1 mixture by volume
of ketamine (Vetalar® 100 mg/ml, Bioniche Canada Inc., Belleville, Ontario, Canada) and
medetomidine (Domitor® 1 mg/ml, Pfizer Canada Inc., Kirkland, Québec, Canada)
administered by intramuscular injection with a hand syringe (For more details on the capture
procedures see (Robert et al., 2012). Females raccoons (> 5 kg) were fitted with a proxirnity
data-logging biotelemetry collars (hereafter, proximity collars; Sirtrack©, Havelock North,
Hawkes Bay, New Zealand) allowing us to register fine-scale contact rates and to relocate
animals for spatial analyses (see below). During the anaesthesia, ear tissue was taken from all
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individuals for genetics analyses with a 2 ‘mm diameter punch plier (Maun industries,
England) and kept in ethanol 95% until analyses. After the manipulations (30 min post-
induction), the effect of medetomidine was reversed by an intramuscular injection of 0.375
| mg/kg atipamezole (Antisedan® 5 mg/ml, Pfizer Canada Inc., Kirkland, Québec, Canada). All
procedures were approved by the University of Sherbrooke's Wildlife Animal Care Committee
(FP2008-02). '

Contact rates and duration

We used proximity collars to collect data on contact rates and durations. We programmed the
proximity data-loggers to register data every time an animal was within 1.87 m (x 0.20, SE) of
another collared animal. We choose 1.87 m for technical and biological reasons. First,
raccoons can detect conspecifics in a forest environment at that distance. Second, using such
range prevents from recording small distance movement (within a den) during winter, thus
avoiding to fill up the collars memory quickly and allowing us to have continuous recording
data. A new encounter was logged every time two units were separated for at least 30 seconds
at a distance > 1.87 m. When the loggers were within this range, the logger recorded the other
collar identity, date, time, count, and duration of the contacts. Contact rate was defined as the
number of contacts/day for each dyad by season. Also, since most raccoons had their collars
installed on different days, the total number of contacts of a given dyad was divided by the
number of days during which both individuals had an active collar simultaneously. Contact
duration was defined as the total duration of the contacts/day for each dyad by season. Contact
duration was also divided by the number of days during which both individuals of a dyad had
an active collar simultaneously. We defined two principal seasons based on raccoon biology
and radio-tracking constraints: summer (May-August) and winter (November-April).
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Air temperature

We used temperature data-loggers (Thermochron iButton DS1921, Dallas Semiconductor,
Dallas, TX, USA; accuracy+0.5°C; 17 mm x 6 mm, 3+0 g) to record ambient temperatures at
our study.site every 4 hours. We placed data-loggers (n = 20) at five recording sites randpmly
selected on our trap grid. At each recording site two data loggers were installed in a tree cavity
and two were attached on the exterior of the tree. We determine the average daily temperature
by calculating the mean for all loggers per day.

Home range

We obtained estimates of the summer and winter home range via fixed kernel analysis (hyer)
(Worton 1989). According to Borger et al (2006), this method is accurate, robust and does not
overestimate home rangé size at low sample size. Home ranges were calculated with the
adehabitat package (Calenge 2006) for R software (version 2.10.0, R Development Core Team
2009) at 95% isopleths. Home range overlap was calculated using the utilisation distribution
overlap index (UDOI) which quantifies overlap based on the product of the utilisation
distribution (UD) of two individuals. It generally ranges between 0 (no overlap)and 1 (100 %
uniform distribution),. but it can be >1 if the UDs of the two individuals are not uniform in
space and show much overlap (Fieberg and Kochanny 2005).

Genetic data

We performed DNA extraction using a modified version of the salting-out method as
described in Chambers and Garant (2010). Microsatellite loci amplification was obtained by
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employing primer sets chosen from (Siripunkaw et al., 2008) (PLM 6, PLM 10, PLM 20),
(Cullingham et al., 2006) (PLO2-14, PLO2-117, PLOM 2, PLOM 3, PLOM 15, PLOM 17,
PLOM 20) and (Fike et al.,, 2007) (PLOT-5). Amplifications were performed in a GeneAmp
PCR System 9700 thermocycler (Applied Biosystems). Amplification products were
visualized using an AB 3130 capillary DNA sequencer (Applied Biosystems) (For details on
the amplification conditions and procedures (see C6té et ai., 2012).

Microsatellites polymorphism and relatedness coefficients

We tested all loci for departure from Hardy-Weinberg equilibrium and linkage disequilibrium
using the software GENEPOP version 4.0 (Raymond and Rousset, 1995). We used CERVUS
version 3.0.3 (Marshall er al.,, 1998; Kalinowski et al., 2007) to assess the presence of null
alleles. Finally, we used SPAGEDI version 1.3 (Hardy and Vekemans, 2002) to estimate
pairwise genetic relatedness (Rxy) between studied females using Wang’s estimator (Wang,
2002). ’

Statistical analyses
Environmental determinants

We assessed the correlation between contact rate and duration using a Pearson correlation. To
identify the environmental determinants affecting contact rate, we used the daily contact rate
to test the difference in contact rate among season using a linear mixed-effect model with
Gaussian error distribution. We also used a linear mixed-effect model to test the effect of the
season (summer/winter) and the period of the day (daytime/nighttime) on contact rate. We
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then used a generalised mixed-effect models with binomial error distribution to test the effects
of temperature on contact rate during winter. We used a generalised mixed-effect models with
quasi Poisson error distribution (controlling for overdispersion) to test the effects of
temperature on contact rate only among dyad that had contacts during winter. As an individual
can be represented in several dyads, we included dyad identity as a random effect in each
models. All the mixed-effects models analyses were conducted in Genstat (version 8.0, VSN
International, Oxford, UK, 2005).

Individual determinants

We used mean contact rate per dyad to conduct multiple regression matrices (MRM)
(Lichstein 2007) to assess the relationship between contact rate and home range overlap, and
home range overlap and relatedness. To investigate individual determinants of contact rate and
duration, we also used MRM from mean contact rate per dyad to establish the strength and
significance of the correlations between relatedness, home range overlap, and the contacts
rates among dyads. We build matrices with the mean contact rate per dyad defined as the total
number of encounters divided by the number of days that the individuals of the dyads had a
collar at the same time. We also used the mean contact duration for each dyad to conduct the
MRM with the contact duration as the response variable. All the MRM analyses were
conducted in R (version 2.10.0, R Development Core Team 2009).

Results

Thirty-two proximity collars have been recovered from 120 dyads over two years. We
estimated that 92% of the females that have been marked in our study area had a collar.
During the study, all 15 collared females had an encounter with at least two other females.
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Each collar recorded between 53 and 16383 contacts (9799 + 2376) (mean + SE). There was a
strong correlation between contact rate and duration (r = 0.883, P < 0.001; Figure 4.1) and
thus analyses on these two variable yielded similar results. We thus only report the results for

contact rate in the main text.
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Figure 4.1 Relationship between the contact rate (per day) and duration (s) among 120 dyads
of female raccoons sampléd in the Mont-Orford provincial park, Québec, Canada in 2010 and
2011.

The sampled raccoons were genotyped at eleven microsatellites. No significant deviation from
Hardy—Weinberg equilibrium or linkage disequilibrium was detected after Bonferroni
correction. Null alleles were found at low frequencies within our data (<5%). The relatedness
among members of dyads had a normal like distribution (mean + SD : 0.008 + 0.183; Figure
4.2).
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Figure 4.2 Distributions of estimates of pairwise relatedness among female raccoons sampled
from April 2010 to April 2011 in the Mont-Orford provincial park, Québec, Canada. Mean
relatedness is represented by the dashed line.
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Environmental determinants

Results obtained from analysis made with daily contact rate showed that contact rate differed
among seasons being significantly higher in winter (mean + SE: 24.07 + 4.21) than in summer
(3.02 + 2.58) (linear mixed model: [estimate + SE] 0.70 + 0.13, t = 5.46, P < 0.001). There
was no time-of-day effect on contact rate during the summer (linear mixed-model: [estimate +
SE] 0.09 + 0.05, t = 1.66, P = 0.10). During winter, however, raccoons had higher contact rate
during nighttime (linear mixed-model: [estimate + SE] 0.27 + 0.07, t =3.79, P <0.001).

During winter, daily contact rate was best explained by a model including temperature only as
contact rate was higher when the temperature was low (generalized linear mixed-model:
[estimate + SE] -0.02 + 0.01, t = 12.9, P < 0.001). Our model predicted that a decrease of 1 °C
results in a gain of one contact per day. However, when only the dyads that had contacts were
taken into. account we did not found any effect of temperature- (generalized linear mixed-

model: [estimate + SE] -0.002  0.004, t = 0.16, P = 0.69).

Individual determinants

Multiple regression matrices analysis made from dyads mean contact rate revealed a ﬁositive
correlation between home range overlap and relatedness during summer and winter (Table
4.1). During summer females raccoons had more encounters with females with whom they
were more related (Table 4.2). Multiple regression matrices conducted with contact rate and
home range overlap showed a positive correlation; however, the effect disappeared when the
relatedness variable was added to the model. Multiple regression analysis revealed that during
winter there was also a positive effect of home range overlap and relatedness on contact rate

among female raccoons (Table 4.2).
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Table 4.1 Multiple regression matrices results for the correlations between the relatedness and
the home range overlap among females raccoons sampled in the Mont-Orford provincial park,
Québec, Canada.

Explanatory variable g r P-value
Summer
2010 Relatedness 0.049 0.338 . 0.001
Summer
2011 Relatedness 0.719 0.120 0.020
Winter A
2010-2011 Relatedness 23.103 0.079 0.028
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Table 4.2 Multiple regression matrices results for the correlations between the relatedness and
the home range overlap with the mean contact rate for female raccoon dyads sampled in the
Mont-Orford provincial park, Québec, Canada.

r Explanatory variable 8 - P-value
Summer '

Relatedness 0.041 0.003
2010 :
(”=0.373)

Home range overlap 0.012 0.201
Summer  Relatedness 0.734 0.026
2011 ‘
@=0.121) Home range overlap -0.027 0.874
Winter Relatedness 17.933 0.021
2010-2011
(7= 0491) Home range overlap 0.003 0.004

Discussion
Environmental determinants

The higher contact rates observed during winter support the observations that raccoons are
more gregarious in winter than in summer (Gehrt 2003; Mech and Turkowski 1966). Our
results are also’ consistent with a recent study by Prange et al,, (2011) which shows that
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contacts were affected by seasons and that they were higher in winter and spring than in
summer and autumn. However, the mean female contacts rates we obtained during winter
were much higher than the one reported in Prange et al., (2011); they observed less than 1
contact/day among female dyads and we recorded over 24 contacts/day. Variation between
populations in contact rate could be explained by difference in winter strategy due to the
difference in climatic constraints between study sites. Our study was conducted in southern
Québec — at the northern edge of the raccoon range distribution — whereas Prange et al,
(2011) study was performed in northern Illinois, which is located much farther south (Prange
et al, 2011). In southern Québec winters are relatively long and cold, with a mean low
temperature of -13.4° C in January (Environment Canada 2011). In contrast, mean January
low temperature in Illinois is -2.9° C (National climatic data center, 2012). As the climate is
colder in our study site it could be more advantageous for an individual to share dens with
several raccoons to keep a warmer body temperature. Thus, the social thermoregulation
- hypothesis (Ebensperger 2001; Kerth 2008) may explain the apparent variation in social
behaviours observed ambng study sites. According to this hypothesis, winter aggregations
should occur in cold environments and the frequency of groupings should show a negative
relationship with ambient temperature (i.e., increase with decreases in ambient temperature)

(Ebensperger 2001).

Social thermoregulation has been observed in other species: agile Antechinus (Antechinus
agilis) (Fisher et al., 2011), Abert’s squirrels (Sciurus aberti) (Edelman and Koprowski 2007)
and big brown bats (Willis and Brigham 2007a). Social thermoregulation results in decreased
water loss and energy costs associated with thermoregulation (Hwang et al., 2007; Merritt and
Zegers 2002). For example, in skunks (Mephitis mephitis), individuals that participated in
social thermoregulation during winter had a higher percentage of fat reserves at den
emergence than solitary individuals (Hwang er al, 2007). The percentage of fat at den
emergence is also important for raccoons as their food resources are scarce during that period
(Farley and Robbins 1995). It might be especially important for females because of their
higher reproductive costs incurred during pregnancy (i.e., gestation and lactation). Our results
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suggest the social tlmrmoregulétion hypothesis may have shaped the evolution of sociality

among female raccoons at the northern range of their distribution.

Individual determinants

In raccoons, females are philopatric (Gehrt 2003j. Based on observations of home range
overlap (Kaufmann 1982) and the persistence of females in their natal habitat (Ratnayeke
1997), previous studies suggest that females raccoons are more related to neighbouring
females. Molecular evidences also revealed patterns of isolation by distance such that females
who shared space or were proximally located were also closely related (Ratnayeke er al.,
2002; Coté et al,, 2012). However, unrelated or weakly related females have also been
observed having extensive home range overlap (Ratnayeke er al, 2002). Our results are
consistent with findings supporting a positive relationship between home range overlap and
relatedness during summer and winter. Qur results also suggest that during summer females
raccoons might show temporal avoidance at fine spatial scales, as we found a positive effect of
relatedness on contact rate, but no effect of home range overlap. Thus, our results suggest that
for similar shared areas female raccoons might avoid encounters with unrelated females during
summer. According to the kin selection theory (Hamilton 1964) it would be more beneficial -
for an individual’s fitness to share food resources or shelter, for example, with related
individuals than unrelated individuals. Although contacts were infrequent during summer,
these results could be explained by a higher tolerance of related individuals, which is
reinforced by philopatry as we observed that kin were more aggregated in space.

Female raccoons are known to form groups with their yearling(s) during winter (Gehrt 2003).
Anecdotal observations of adult raccoons in winter dens suggest that raccoons may also form
family groups (Gehrt and Fritzell 1998b). The results obtained from the mean contact rate per
dyad show a positive effect of relatedness on contact rate. Relatedness has been shown to
affect communal nesting in some species (Ebensperger et al., 2004; Thorington and Weigl
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2011). Consistent with our results, however, communal nesting in Abert squirrels was more
common among unrelated individuals during the cold season (Halloran and Bekoff 1994).
Again, at colder temperatures the benefits of social thermoregulation on fitness might
outweigh the indirect fitness benefits obtained by forming denning groups consisting
exclusively of related individuals. For example, in big brown bats, the energy savings related
to social thermoregulation was positively correlated with the number of individual that was
found in the cavity (Willis and Brigham 2007a). To benefits from communal denning at the
northern limit of their range, raccoons might require more individuals than are available from
their kin alone. Thus, as the energetic demand on females are higher due to gestation and
lactation, benefits from forming larger groups might exceed the individual-level benefits that
would be predicted based solely on kin selection theory. Furthermore, such benefits must
outweigh the costs incurred by increased competition or probability of contracting infectious

diseases.
Conclusions

Our results suggest that ecological factors, such as temperature, may affect the evolution of
sociality in female raccoons. They also suggest that female raccoons showed social flexibility
(Lott 1991) as observed in a wide range of species (Caro 1994; Loveridge and Macdonald
2001; McGuire and Getz 1998). We encourage future work to be conducted on the factors that
influence the formation of coalitions among male raccoons. Explicit tests of fitness related
cost/benefit trade-offs resulting from social thermoregulation among communally denning
species would also help to bring new insights on the effect of environmental variation on the
evolution of sociality in mammals. In camnivores, it has been suggested that sociality has
evolved from socially flexible solitary ancestors (Dalerum et al., 2006). Thus, studies on
solitary species that show context-dependent social flexibility, such as raccoons, provide
insights into factors that shape the evolution of sociality in other more gregarious species. We
encourage future work to be conducted on the factors that influence the formation of coalitions
among male raccoons and explicit tests of fitness related cost/benefit trade-offs resulting from
social thermoregulation among communally denning species.
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CHAPITRE 5
CONCLUSION

5.1. Retour sur les résultats du mémoire

Mon projet de maitrise a permis dans de vérifier I’efficacité du chevauchement des domaines
vitaux comme méthode d’estimation des taux de contacts. Bien que les études sur le sujet
demeurent trés peu fréquentes (Schauber, Storm ef al, 2007), on suppose qu’il existe une
corrélation positive entre le chevauchement des domaines vitaux et le taux de contacts.
Contrairement 2 la seule étude qui, & ma connaissance, a exploré cette relation chez le cerf de
virginie (Schauber, Storm ef al., 2007), mes résultats suggérent que le chevauchement des
domaines vitaux et le taux de contacts sont positivement corrélés. Bien que les études aient été
effectuées avec deux espéces différentes (un ongulé vs un carnivore solitaire). Les deux
espéces sont plutdt solitaires durant 1’été€ (Nixon, Hansen ef al., 1992; Bertrand, DeNicola et
al., 1996; Gehrt, 2003) et grégaires durant I’hiver (Hirth, 1977; Gehrt, 2003). Il est donc peu
probable que la différence observée soit expliquée par des différences dans le niveau de
socialité entre les espéces. La non-concordance des résultats serait plutdt expliquée par le
matériel utilisé. Dans 1’étude de Schauber ef al., (2007), des colliers GPS ont été utilisés pour
quantifier les contécts; Avec ces colliers, un contact direct est estimé & partir de distances
pouvant étre trés grandes (variant de 10 m & 100 m). De plus, il n’est pas possible d’obtenir
des données sur chacun des contacts puisque les colliers contraignent la prise de données a des
intervalles de temps donnés. Il est donc possible que ce ne soit pas tous les contacts qui aient -
été enregistrés, ce qui aurait pu mener a 1’absence de corrélation entre le chevauchement des
domaines vitaux et le taux de contacts. Les colliers utilisés lors de mon étude ( de type
« proximity logger ») permettent, au contraire, d’obtenir des données sur chaque contact,
puisqu’un enregistrement s’effectue chaque fois qﬁe deux individus ou plus se retrouvent a

moins de deux métres. Nos résultats suggérent que le chevauchement des domaines vitaux
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peut étre un bon estimateur du taux de contacts. Ces résultats sont impdrtants puisque
. plusieurs données issues de suivis télémétriques effectués sur différentes espéces sont
disponibles, et ce, depuis plusieurs décennies. Ces données pourraient donc étre utilisées de
maniére appliquée lors de programmes de prévention de maladies infectieuses ou lors d’études

concernant I’évolution de la socialité chez les animaux.

Mon projet de maitrise a permis, dans un deuxiéme temps, de mieux comprendre les
déterminants environnementaux et individuels des taux de contacts chez les femelles ratons
laveurs. Mes résultats montrent que les femelles ratons laveurs montrent de la flexibilité
_sociale (Lott, 1991) puisqu’elles ont des contacts trés peu fréquents durant I’été et 2 P’inverse
trés fréquents durant I’hiver. De plus, les températures froides de I’hiver semblent avoir une
influence déterminante sur les taux de contacts. En effet, mes résultats montrent que plus les
températures sont froides, plus les contacts entre les individus sont fréquents, ce qui supporte
I’hypothése de la thermorégulation sociale (Ebensperger, 2001). La thermorégulation sociale a
été observée chez plusieurs espéces (Edelman & Koprowski, 2007; Willis & Brigham, 2007;
Fisher, Nuske ef al., 2011) et procure certains bénéfices tels qu’une diminution de la perte en
eau et une réduction des cofits associés a la thermorégulation (Merritt & Zegers, 2002; Hwang,
Lariviére et al, 2007). Chez la moufette par exemple, les individus qui pratiquent la
thermorégulation sociale durant ’hiver ont des réserves de graisse plus importantes a
I’émergence du terrier que ceux qui ont passé I’hiver seuls (Hwang, Lariviére et al., 2007).
Chez les ratons laveurs, les avantages de la thermorégulation sociale sont particuliérement
importants pour les femelles puisque, durant I’hiver, les coiits associés & la reproduction sont
plus élevés étant donné la gestation, la mise bas et 1’allaitement. De plus, mes résultats
supportent les hypothéses selon lesquelles il y aurait formation de groupes familiaux chez les
ratons laveurs adultes durant ’hiver (Gehrt & Fritzell, 1998b) puisqu’ils montrent un effet de
I’apparentement sur les contacts. Mes montrent suggérent éue des facteurs écologiques tels
que les températures hivernales ont aﬁssi un impact dans I’évolution de la socialité chez les
f:emelles ratons laveurs au nord de leur distribution. Mes résultats suggérent que les ratons

laveur forment des groupes familiaux durant ’hiver et que leur tolérance aux individus non
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apparentés peut étre influencée par des facteurs environnementaux tels que la température.
Durant 1’été, les taux de contacts sont influencés positivement par 1’apparentement des
individus. Bien que les contacts demeurent trés peu fréquents durant cette période, ces
résultats pourraient étre expliqués en partie par le comportement de philopatrie (Gehrt, 2003)
et par la sélection de parentéle (Hamilton, 1964). En effet, puisque selon la théorie de sélection
de parenté¢le (Hamilton, 1964) il serait plus avantageux pour la valeur adaptative d’un individu
de partager .des ressources ou des abris, par exemple, les individus pourraient étre plus

tolérants avec des individus apparentés que non apparentés.

5.2. Importance du projet

Mes travaux ont un impact autant au niveau fondamental qu’appliqué. Tout d’abord, les
résultats obtenus lors de mon projet de maitrise montrent 1’importance de 1’étude des contacts
chez les espéces solitaires puisqu’elle nous permet d’identifier des facteurs ayant un rdle
primordial dans la structure des contacts entre les individus ayant possiblement des effets
importants dans I’évolution de la socialité. De plus, mes résultats montrent une structure
sociale plus complexé que celle attendue chez un animal solitaire. Ce type de structure a aussi
été observé chez plusieurs autres espéces solitaires (Caro, 1994; Sterling & Richard, 1995;
Hays & Conant, 2003). L’étude des espéces solitaires semble donc avoir plus d’importance

que ce que I’on croyait en ce qui a trait & notre compréhension de I’évolution de la socialité.

Ensuite, mes travaux permettent d’effectuer des avanéées en épidémiologie puisqu’ils
apportent des connaissances sur les taux de contacts intraspécifiques d’une population
d’animaux sauvages. En fait, il existe actuellement plusieurs modéles épidémiologiques
élaborés pour les populations humaines qui sont utilisés pour prédire le potentiel de
propagation des maladies infectieuses chez les populations d’animaux sauvages (Anderson,
1995; Grenfell & Dobson, 1995; Fromont ef al., 1998; Fromont ef al.,, 2003; Gudelj & White,
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2004). Cependant, le taux de transmissions des maladies infecticuses est une variable
essentielle pour la modélisation de leur propagation ‘et est trés difficile a quantifier
empiriquement sur le terrain. Pour la majorité des maladies toutefois, le taux de contacts est
corrélé au taux de transmissions, spécialement en ce qui concerne les maladies qui nécessitent
un contact direct pour se transmettre telles que le virus de la rage (Haydon et al., 2003). Le
taux de contacts est donc utilisé dans les modéles épidémiologiques comme une estimation du
taux de transmissions. Cependant, les taux de contacts réels demeurent encore peu
fréquemment quantifiés dans les populations sauvages. Ils sont souvent obtenus, eux aussi, a
partir d’'une méthode d’estimation. I en résulte donc des modéles épidémiologiques simplifiés
dont les résultats obtenus sont plus ou moins représentatifs de la réalité. Pour améliorer les
modéles et générer des résultats plus réalistes, il est nécessaire de quantifier les taux de
contacts réels des populations d’animaux sauvages et de les intégrer aux modeles (Diekmann
et al, 1995; Grenfell & Dobson, 1995). Les résultats issus de mon projet de maitrise pourront
étre intégrés dans un modéle plus général visant & modéliser le potentiel de la propagation de
la rage au Québec et dans I’Est du Canada. Mes résultats sont donc particuliérement
importants dans le cas du raton laveur puisque c’est une espéce se retrouvant souvent a
proximité de I’homme et qui est I’héte d’une maladie pouvant avoir des répercussions
tragiques chez I’humain. En effet, les résultats que j’ai obtenus pourront contribuer a générer
des résultats plus réalistes concernant la propagation de la maladie de la rage dans I’Est du

Canada et de cette maniére améliorer les méthodes de prévention.

5.3. Perspectives futures

Les résultats obtenus laissent la porte ouverte a d’autres études dans lesquelles il serait
pertinent d’explorer de nouvelles pistes de recherche. En effet, il serait important d’étudier,
entre autres, les fluctuations des taux de contacts chez les miles et les facteurs qui les
influencent. De plus, il a été montré récemment que les méles ratons laveurs forment des
coalitions (Pitt, Lariviére et al., 2008a). Il serait donc pertinent de vérifier les facteurs qui

influencent la formation de ces coalitions de maniére & vérifier si les facteurs qui affectent la
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-socialité différent entre les sexes. éomme les températures hivernales semblent avoir un effet
important sur les contacts des femelles ratons laveurs, il serait pertinent d’étudier comment la
thermorégulation sociale influence leur valeur adaptative. Puisqu’il y a de la variabilité dans la
formation des groupes durant 1’hiver, il serait possible, par exemple, de comparer le succes
reproducteur des femelles qui montrent de la thermorégulation sociale avec celui des femelles
qui passent I’hiver seules. De plus, il a ét¢ montré chez la moufette, une espéce de taille
similaire au raton laveur, que certains individus montraient de la torpeur et d’autres de la
thermorégulation sociale. Il serait donc pertinenf de voir si certains individus chez les ratons
laveurs montrent aussi de la torpeur, puis d’étudier les conditions sous lesquelles ce
comportement est observé. Il serait aussi intéressant d’explorer la socialité a plus grande
échelle et a différentes latitudes de maniére a explorer I’effet des différentes contraintes

environnementales sur les taux de contacts, et ce, dans différents climats.
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