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l'identification de populations. Les données du premier article ont été récoltées lors des 

opérations de baguage de bernaches du Canada effectuées par le Service Canadien de la 

Faune dans le nord ct le sud du Québec entre 1996 ct 2004. J'ai principalement récolté les 

données pour le second article durant l'été et ['automne 2004. Une introduction générale 

entame le mémoire et porte sur les réalités modernes ct l'implication de la chasse en gestion 

des populations animales de même que sur la bernache du Canada dans la voie migratoire de 

l'Atlantique. Une conclusion générale illustre les points principaux relatés dans !cs deux 

articles et souligne les implications futures associées à mon mémoire. Un appendice relatif à 

des données non-publiées portant sur les signatures isotopiques de différents sites 

d'échantillonnage est présenté en toute fin de mémoire. 
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RÉSUMÉ 

Les systèmes écologiques se modifient sous l'influence des activités anthropiques. Alors 
que eeltaines espèces sauvages sont défavorisées par ces modifications, d'autres en tirent 
avantage et s'adaptent avec succès. Au cours des dernières décennies, de nombreuses 
populations d'oies ont vu leurs effectifs augmenter de façon exponentielle suite, entre autre, à 
des changements dans l'utilisation du territoire agricole. La bernache du Canada résidente 
(Branla canadensis maxima) s'est particulièrement bien adaptée aux habitats anthropiques 
après sa réintroduction dans le nord-est des États-Unis. Considérant les conflits causés par la 
surabondance de cette sous-espèce de bernache dans plusieurs états et provinces, son 
expansion préoccupe les gestionnaires d'ici. Les activités cynégétiques étant 
traditionnellement utilisées dans la gestion des populations de sauvagine, l'implication de la 
chasse sur la population nicheuse nouvellement établie dans le sud du Québec est le sujet 
principal de cc mémoire. Le premier chapitre a pour objectif le développement d'un outil de 
caractérisation des populations présentes dans la voie migratoire de l'Atlantique afin d'estimer 
de façon plus précise leurs paramètres démographiques. Deux sous-espèces sont 
principalement représentées (B. c. inleriOl' ct B. c. maxima), lesquelles sont distinctes 
morphologiquement. De plus, les populations estivent et muent sous différentes latihldes. En 
utilisant la morphométrie et les signatures isotopiques des plumes primaires (0 13C, 015N), il 
est possible d'établir la population source des individus. Des modèles ont d'abord été 
développés afin de caractériser les oiseaux lors des opérations de baguage permettant ainsi 
une meilleure estimation des taux de survie de ces populations. Nos résultats permettent 
également de classifier les oiseaux récoltés durant la chasse d'automne. Alors qu'il subsiste 
une hétérogénéité de populations pendant la migration automnale, l'estimation de la 
contribution de chacune d'elles dans la récolte améliorera l' cstimation des taux de mortalité 
duc à la chasse. Le deuxième chapitre vise à décrire la dispersion des bernaches à l'automne 
afin d'évaluer le rôle potentiel de la chasse comme outil de contrôle de la croissance de la 
population de bernaches résidentes qui nichent dans la région péri-urbaine de Montréal. En 
utilisant des méthodes de capture-marquage-recapture, nous avons documenté leur 
distribution post-reproduction et démontré que les individus se déplacent dans des secteurs où 
la décharge d'arme à feu est interdite et cela avant même l'ouverture de la saison de chasse. 
Les individus quittent les sites de reproduction et d'élevage situés dans la région de Varennes 
et de Repentigny, et sc réfugient à Laval ct TelTebonne. Nos résultats montrent qu'après la 
dispersion, les milieux naturels demeurent l'habitat principalement utilisé par les bernaches ct 
que ces dernières résident sur le territoirc jusque tard en automne. La gestion actuelle du 
territoire limite considérablement l'utilisation de la chasse sportive traditionnelle comme 
moyen de contrôle de la population résidente du sud du Québec. Des stratégies alternatives 
telles que la chasse contrôlée limitée dans le temps et l'espace devront être considérées. Par 
contre, l'implantation de telles mesures nécessiteront une sensibilisation du public à la 
problématique et l'établissement de politiques visant à optimaliser la valeur globale de cette 
espèce faunique. 

Mots clés: Aménagement de la faune, bernache du Canada, Branla canadensis, chasse, 
isotopes stables, morphométrie, péri-urbain, refuge, voie migratoire de l'Atlantique 



INTRODUCTION GÉNÉRALE 

L'expansion de la population humaine change les habitats, altèrc les fonctions 

écologiques et réduit la biodiversité. Néanmoins, l'étalement urbain favorise dc nombreuscs 

espèces animales qui survivent et se reproduisent dans ces environnemcnts en tirant avantage 

de la disponibilité des ressources qu'on y retrouve (Ankney 1996; Boal ct Mannan 1998; 

Conover et Conover 2003; DeStefano et DcGraaf 2003; Marzluff el al. 2001; Ticer 1998). 

Selon la répartition ct la taille qu'ont ces populations, elles peuvent profondément affecter 

l'intégrité des écosystèmes (Jano et al. 1998; Tafangenyasha 2001) en plus d'imposer des 

coûts substantiels aux sociétés humaines (Filion 1998; Palterson 1991; Wagner et al. 1997; 

Yodzis 2001). Conover (1997) estime que Je coût annuel des dommages causés par la faune 

dans les 100 plus grandes villes américaines atteint près de 4 milliards de dollars. D'un autre 

côté, nos sociétés retirent des bénéfices associés à la présence de la faune. Par exemple, les 

ornithologues et les chasseurs contribuent au développement économique ct plus 

particulièrement autour des régions urbanisées (Atlantic Flyway Couneil 1999; Service 

cdnadien ùe la faune 2005). 

La présence d'une espèce faunique n'a pas que des conséquences socio-économiques ou 

récréatives. Citons, entre autres, la valeur écologique qui est le bénéfice que l'espèce apporte 

au fonctionnement de l'écosystème en interagissant avec les autres organismes et 

l'environnement physique. Il y a aussi la valeur scientifique représentant le rôle de l'espèce 

sur l'avancement du savoir humain incluant la création ct la dissémination de la connaissance 

ct, aussi, la valeur historique, c'est à dire le rôle qu'a joué l'espèce autrefois. Les implications 

découlant de la présence d'une espèce indigène en danger ne sont pas les mêmes que pour 

une espèce surabondante en expansion. Face à la complexité des implications de la faune sur 

nos sociétés contemporaines, le défi en aménagement des populations animales est d'élaborer 

des stratégies de gestion visant à optimaliser la valeur de la faune (Decker et al. 1987; Gilbert 

et Dodds 2001). 

La gestion des populations sc définit comme étant la conservation, l'exploitation ct le 

contrôle des populations animales ou végétales (Shea 1998). Les ressources naturelles ont été 

exploitées de façon variable au cours de l'histoire, allant d'une exploitation chasscur­

cueilleur à tlnc exploitation intensive des ressources à haute valeur commerciale. L'homme a 
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donc fait subir différentes modifications aux milieux naturels telles que les extinctions ou 

introductions d'espèces (Donald et Greenwood 2001; Manchester ct Bullock 2000) mais 

aussi l'explosion démographique de certaines populations sauvages (Frederiksen et al. 2001; 

Gauthier et al. 2005; Wagner et al. 1997). Chez ces dernières, la transformation du territoire 

permet aux individus d'adapter leur utilisation de l 'habitat. Ils sont alors en meilleure 

condition physique, ce qui fait augmenter leur taux de reproduction et de survic. Devant les 

problèmes engendrés par la surabondanec et l'expansion d'une population, plusieurs mesures 

de contrôle peuvent être envisagées, allant de la prévention à l'abattage massif (Ankney 

1996; Boyd et Canadian Wild life Service. 2000; Leader-Williams et al. 2001; MeComb et al. 

2001). 

Rôle de la chasse en gestion des populalions 

La chasse sportive est un exemple de solution traditionnellement utilisée par les 

gestionnaires pour contrôler les populations en expansion. Bien que contestée par les 

organismes humanitaires, elle est socialement acceptée ct génère des bénéfices soeio­

économiques. De plus, le contrôle par la chasse permet de récolter une certaine proportion 

d'individus adultes ct est donc particulièrement efficace pour modifier la dynamique de 

population d'espèces opportunistes qui vivent longtemps (Menu et al. 2002; Schultz et al. 

1988). 

En contre partie, les activités cynégétiques sont de plus en plus réglementées afin d'éviter 

la surexploitation de certaines espèces (Anonyme 1979, 1994) mais cela contribue d' autanl 

plus à la croissance de plusieurs populations sauvages (Ankney 1996; Madsen 1991). 

Toutefois, des exemples démontrent qu'en modifiant les modalités de chasse, il est possible 

d'atteindre les objectifs qui visent à minimiser les problèmes engendrés par ces populations 

surabondantes. Citons l'amendement à la Convention sur les oiseaux migrateurs permettant la 

chasse de printemps de la grande oie des neiges (Chen caerulescens; Canadian Wildlife 

Service 2001) et qui a considérablement affecté la dynamique de ces populations. En fait, les 

taux de reproduction ont diminué étant donné que les adultes arrivaient sur les sites de 

nidification en moins bonne condition physique suite au dérangement occasionné par cette 

chasse exceptionnelle en période prénuptiale. Notons, aussi, les saisons hâtives ct tardi ves de 

chasse à la bernache du Canada (Branla canadensis) instaurées dans le nord-est des États­
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Unis ct qui sont cn partie responsables de la stabilisation de la population de bernaches 

résidentcs (Atlantic Flyway Couneil 1999; Heusmann 1999). Étant donné les patrons dc 

migration qui diffèrent entre les bernaches migratrices et résidentcs (B. c. inlerior, B.e. 

maxima; MaJecki el al. 2001), les saisons spéciales de ehassc ont pcrmis de récolter une plus 

grandc proportion dc bernaehes résidentes sans toutefois affecter le statut de la sous-cspèce 

migratrice moins abondantc (Hindman el al. 2003). 

Afin de comprendre comment la chassc sportive influcnce la dynamiquc dcs populations, 

il est primordial d'intégrer l'écologie eomportementale à ce typc de gcstion de la faune 

(Sutherland 1996; 1998). La répartition ct j'abondance dcs animaux sont influencées par la 

compétition pour les ressourecs (Sutherland 1983) ainsi que par le dérangement (Béchet el Cil. 

2004; Hill et Frederiek 1997) et le risque de prédation (Houston 1993; Lima et Dill 1990). À 

ee titre, la chasse joue donc un rôle prédominant dans l'utilisation de l'habitat par les 

animaux. Il a souvent été démontré que les animaux évitent les zones dérangécs (Bélanger 

1989; Bélanger et Bédard 1990; Riddington el al. 1996; Sutherland et Crockford 1993; Tuite 

1984). Or, les milieux urbains sont des zoncs à haut niveau de dérangcment mais où la 

prcssion de chasse y cst peu élevée. Les animaux peuvent donc y retrouver un compromis 

adaptatif entre le risque de prédation et le taux de dérangement. Ceci rchausse l'importance 

d'étudier l'écologie comportemcntale pour micux comprendre comment la gestion par la 

chasse affecte la dynamique des populations, cet aspect étant particulièremcnt pertinent dans 

les régions façonnées par l'étalement urbain. 

Syslème à "élude 

La bernache du Canada (Branla canadensis) est une espèce très divcrsifiée ct 

cosmopolite avec de nombrcuscs populations dans chacune des quatre voies migratoires de 

l'Amérique du Nord (Bellrose 1980). Dans la voic migratoire dc l' Atlantiquc, dcux sous­

espèccs sont principalement représentées et, bien qu'clles partagent les mêmes aires 

d'hivernage, ellcs ont dcs sites dc nidification distincts. On retrouve d'abord la sous-espècc 

migratrice (B. c. inlerior) dont les plus grandes densités d'individus nieheurs se situent dans 

la péninsule d'Ungava (Malecki ct Trost 1990). Cette sous-cspècc est traditionnellcmcnt 

observée sous nos latitudes lors des migrations du printcmps et de l'automnc. 
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La sous-espèce résidente (B. c. maxima) est pour sa part définie comme étant constituée 

par les bernaches nichant au sud du 48" parallèle ct à J'est du 80c méridien (Atlantic Flyway 

Counci 1 1999). Cette sous-espèce se distingue de la sous-espèce migratrice par sa 

morphologie et son comportement (Hanson 1965). Les bernaches résidentes sont issues de 

programmes de reloealisation instaurés dans les années 1960. Les taux de survie ct de 

recrutement de cette population sont favorisés par le fait que les individus utilisent 

fréquemment des environnements urbains où la chasse est restreinte. De plus, elle réside sous 

des latitudes méridionales où la production primaire est élevée, ce qui permet un meilleur 

suceès de nidification, un développement accéléré ainsi qu'une maturation sexuelle hâtive 

(Bell rose 1980; Hanson 1965; Nelson et Oetting 1998). 

Devant la diversité qui existe chez la bernache du Canada, les gestionnaires font face au 

défi d'estimer eOITeetement les paramètres démographiques de chacune des populalions 

(Hindman et al. 2003). Avant les années 1990, le statut des populations de bernaches dans la 

voie migratoire de l'Atlantique était évalué à l'aide d'inventaires effectués sur les aires 

d'hivernage. Cette méthode a conduit à une estimation biaisée de l'augmentation du nombre 

de bemaehes résidentes étant donné que les deux sous-espèces hivernent en sympatrie. Des 

taux de récolte élevés ont réduit le taux de survie de la population des bernaches migratrices 

(I-1estbeek 1995). De plus, un faible taux de recrutement (saisons de reproduction diffIciles en 

1994 et 1995; Harvey et Bourget 1997), a accentué le déelin de la sous-espèce migratrice 

(Hindman et al. 1996). La fermeture de la saison régulière de chasse fut imposée en 1995 

pour permettre à la sous-espèce migratrice de regagner un statut moins vulnérable. 

Depuis la réouverture de la chasse en 1999, les politiques visent à réduire le nombre de 

bernaches résidentes tout en maintenant le statut de la sous-espèce migratrice stable. Les 

inventaires sont maintenant effectués durant Je période de nidification ce qui permet une 

meilleure connaissance du statut de la sous-espèce migratriee. De plus, des saisons spéciales 

de chasse permettent de récolter une plus grande proportion de bernaches résidentes sans 

toutefois affecter la population migratrice. D'autre part, la migration de mue des bernaches 

résidentes est un phénomène d'importance qui vient compliquer l'estimation des différents 

paramètres démographiques. Des bernaches résidentes sous-adultes ou ayant échouées leur 

nidification migrent avant la mue pour rejoindre des habitats de la forêt boréale et du 

Nouveau-Québec (Abraham et al. 1999; Salomonscn 1968). Lors de la migration automnale, 
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trois populations sont donc présentes sous nos latitudes; les bernaches résidentes qui ont 

nichées dans la région, les bernaches migratrices qui ont nichées dans le nord du Québec et 

les bernaches résidentes qui ont muées dans le nord du Québec. Ainsi, la récolte de chasse est 

hétérogène cc qui rend problématique l'estimation des taux de récolte de chacune des 

popu lations. 

Dans la voie migratoire de l'Atlantique, la population totale de bernaches résidentes est 

estimée à plus de 1 million d'individus dont une proportion importante effectue une 

migration de mue dans le nord du Québec (Atlantic Flyway Couneil 1999; Comité sur la 

sauvagine du service canadien de la faune 2004). Actuellement, les objectifs du plan 

d'aménagement adopté par l'Atlantic Flyway Council (1999) visent à réduire l'effectif à 650 

000 individus en récoltant environ 400 000 bemaches résidentes annuellement (Hindman et 

al. 2003). Cependant, ces objectifs sont difficiles à atteindre étant donné le nombre 

décroissant de chasseurs (Heusmann 1999). Afin d'élaborer des stratégies adéquates de 

contrôle, davantage d'études sur la dynamique de population de la bernache résidente sont 

nécessaires notamment dans les régions où celle-ci prend de l'expansion. 

Dans le sud du Québec, les premiers individus nicheurs de la sous-espèce résidente ont 

été recensés au début des années 1990 sur \cs îles de Varennes (Québec, 45°40' N, 73°27' 

W). Plus de 3000 individus ont été dénombrés dans le sud-ouest du Québec lors de relevés 

aériens effectués à l'été 2003 (l Rodrigue, SCF, comm. pers.). Le taux de croissance élevé de 

celle nouvelle population (À= 1,41; Giroux et al. 2001) semble démontrer que l'habitat de 

reproduction n'est pas limitant. Afin de prévenir \cs conflits véeus en Ontario ct dans de 

nombreux états américains (problèmes de santé publique liés à la concentration de fiente, 

nuisance sur les terrains de golf ct les parcs, déprédation des cultures et danger sur les sites 

aéroportuaires), des mesures spéciales devront être adoptées par les gestionnaires du Québec. 

Afin d'orienter des stratégies de gestion de façon adéquates, il est nécessaire de mieux 

connaître le comportement des bernaches établies dans le sud du Québec et ce, en relation 

avec les différents paramètres qui affectent la dynamique de population. 

Objectifs du mémoire 

Le premier objectif de ce mémoire est de caractériser les différentes populations de 

bernaches dans la voie migratoire de l'Atlantique. Puisqu'il existe un dimorphisme de taille 
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entre les bernaches résidentes et migratrices, la morphométrie devrait permettre de classifier 

les individus selon leur sous-espèce. De plus, étant donné que les différentes populations 

muent dans dcs habitats distincts, 1cs ratios isotopiques de carbone ct d'azote contenus dans 

les plumes primaires devraient varier entre ces populations. 

Le dcuxième objectif vise à évaluer le rôle potentiel de la chasse sportive pour contrôler 

la croissance de la population de bernaches résidentes établie dans le sud du Québec. La 

répartition des individus qui nichent dans la région péri-urbaine de Montréal devrait être 

influencée par le gradient de pression de chasse qu'on y retrouve. De plus, l'utilisation de 

l'habitat durant la chasse devrait être influencée par le risque de prélèvement. 



CHAPITRE 1 : IDENTIFICATION DE POPULATIONS DE BERNACHES DU CANADA 

À L'AIDE DE MESURES MORPHOMETRIQUES ET D'ISOTOPES STABLES 

Ce chapitre scra soumis pour publication SOllS le titre suivant: 

Identifying populations of Canada geese using morphometric measuremcnts and stable 

isotopes. 

Matthieu Beaumont, Jean-François Giroux, Jean Rodrigue, Richard Cotter, Jack Hughes, 

and Ted Nichais 
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Abstract: Population starus of Canada geese (Branla canadensis) in the Atlantic Flyway has 

evolved through time and managers need demographie information and harvest assessment 

for eaeh population. We used a eombination of morphometrie measurements and isotopie 

signatures of feathers (o,sN, ol3C) ta assign individual Canada geese aeeording ta their 

subspeeies and mailing sites. Wc first eompared different sub-samples of birds eaught in the 

same area ta determine those that were the most representative by providing the best 

discriminant funetions. We distinguished >89% of after hatehing year (AHY) B. c. inlerior 

and B. c. maxima using skull measurements ajonc. B. c. inlerior From the west and cast eoasts 

of Ungava peninsula were also weil assoeiated ta their respective breeding area (>84% with 2 

or 3 morphoJogieal variables). The ISN isotope was more useful than 1JC ta diseriminate 

gecse From different molting areas. For ARY individuals, û'sN o[ feathers was greatcr [or B. 

c. maxima that bred and molted in southern Quebee (>8.3%0) than for those that molted on 

the west coast o[ the Ungava peninsula. For hatehing year (HY) individuals, D'sN of feathers 

was greater for B. c. maxima (>7.6%0) than for B. c. inlerior. Our study provides an 

economieal and reliable tool for identifying subspeeies and populations of Canada geese 

during large-seale banding operations and harvest survcys. 

Key words: Atlantic Flyway, Branla canadensis inlerior, Branla canadensis maxima, Canada 

goose, discriminant funetion, malt migration, morphometrie, populations, Quebee, stable 

isotopes 
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Introduction 

ln the Atlantic Flyway, Canada goose populations mix on wintering areas in north­

eastcrn United States but have distinct breeding ranges. The migratory Canada gccse (Branla 

canadensis interior) nest throughout the Nunavik (northern Quebcc) with concentrations 

along the East and West coasts of Ungava peninsula (Malecki and Trost 1990). The 

tempcrate goosc population (B. c. maxima) is defincd by its breeding range south of the 48° 

N latitude and cast of 80° W longitude (Atlantic Flyway Council 1999). Howevcr, a portion 

of B. c. maxima sub adults and failcd breeders migrate to northern latitudes up to the B. c. 

inlerior brccding range to molt (Hanson 1965; Abraham ct al. 1999). In addition, local 

breeding populations of B. c. maxima are becoming establishcd in southern Quebcc and arc 

harvcstcd in fall along with the rcturning moult migrant B. c. maxima and the migratory B. c. 

inlerior (Giroux et al. 2001). 

Beforc the 1990s, the status of the Atlantic Flyway population of Canada gcesc was 

assesscd by surveys conductcd throughout the wintering area (Hindman and Ferrigno 1990; 

Atlantic Flyway Couneil 1999). Thcse asscssments were biascd by the increase and 

expansion of B. c. maüma geese. Coneomitantly, poor brecding conditions and high harvest 

rates caused the deeline of the migratory Canada goose population (B. c. inlerior) lcading to 

elosure of sport hunting in 1995 (Hindrnan et al. 1996). Following the increase in the number 

of B. c. inlerior breeding pairs, restrictions have now been lifted but managers need tools to 

aceurately estimatc demographic paramcters of cach population. 

Inereases in population size have brought new hunting measures aimed at eontrolling 

overabundant resident geese while preventing over harvest of the less abundant migratory 

subspeeics (Atlantic Flyway Couneil 1999). To aehieve this goal, it is cssential to precisely 

charaeterize the geese banded on summer range bceause harvest and survival rates are 

assessed from these marked populations. Furthermore, estimation of the contribution of each 

population in the harvest aeeording to regional units and through time during the hunting 

period is requircd to adapt regulations aimed at achieving management objectives. 

Biologists havc colleetcd measurements of Atlantic Flyway Canada geese du ring banding 

operations for a long time. The morphological diffcrenccs among subspecies or stocks of 

Canada gecse have often bcen exploited to refine management capabilitics (Moser and Rolley 

1990; Merendino et al. 1994). More recently, stable isotope analyses of fealhers and 
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molecular techniques have been suggested for identifying subpopulations of waterfowl 

(Caccamise ct al. 2000; Hobson et al. 2000; Pearee ct al. 2000; Hebert and Wassenaar 2001; 

Scribner et al. 2003). While accurate genetic characterization is difficult when populations 

are panmietic (Cronin et al. 1996), environmental variations in isotopie signatures might be 

used to trace molting origin of bird. Stable isotope ratios in the tissues of an animal depend 

on its diet and its habitat use (Deniro and Epstein 1981). Keratin tissues, like feathers, are 

inert after formation and their isotopie signature ean thus reveal the habitat types where they 

were grown (Mizutani et al. 1990). 

Our main objective was to build classification models that would allow managers to 

associate an individual goose to its population within the Atlantic Flyway. Wc wantcd to 

develop a technique that eombined both morphometrie measurements and stable isotope 

analyses of primary feathers. We used a large data set of mcasuremcnts takcn on birds 

captured in southem and northern Quebee along with isotope signatures of primary fcathcrs 

eollceted on molting birds in the sa me areas. We first detcrmined the most reprcsentative 

samples that provide the best discriminant funetions that separatc (1) AHY)B. c. interior from 

B. c. maxima and (2) AHY B. c. interior from the West and East eoasts of Ungava peninsula. 

Because accurate assignment to a subspecics relies on correct sex determination and precise 

measurements (Rasmussen et al. 2001), we evaluated the extent of measurement and sexing 

errors in these large data sets. Finally, using nitrogen and carbon isotope ratios of primary 

feathers, we wanted to separate individuals of B. c. maxima breeding in southern Quebec 

from those molting in Nunavik and to assoeiate hatehing year (HY) geese to their respective 

subspecies or hatehing grounds. 

Methods 

Studyarea 

Molting Canada geese were eaptured during banding operations in three areas (Fig. 1). 

l'wo areas were loeated in Nunavik and are eharacterized by coastal tundra habitats. l'hese 

areas are spread along the West (WU) and East (EU) eoasts of Ungava peninsula (58°25' to 

60"40' N and 67°10' to 77°50' W). B. c. interiOl' breeds on both eoasts (Malecki and l'rost 

1990; Bordage and Plante 1993), but molting B. c. maxima arc found mainly on the WU coast 

(Harvey and Rodrigue, 2002). The third area is loeated east of Montreal in southem Quebec 
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(SQ; 45°40' N, 73°27' W) and involves a reeently established breeding population of B. c. 

maxima (Giroux ct al. 2001). The SQ study area ineludes both natural and urban habitats that 

arc deseribed in details by Doiron (2006). 

Sample collection 

Banding operations took place between 1996 and 2004 in WU and EU and between 1999 

and 2004 in SQ. Geese were driven into corral traps by ground erews assisted by boats or 

helieopters. AlI individuals were aged (ARY and HY) based on plumage and scxed by 

cloaeal examination. Skull, eulmen and tarsus bone were measured by experieneed measurers 

using vernier eallipers (± 0.1 mm) on a samplc of birds (DzlIbin and Cooeh 1992). Not ail 

birds were measured and not ail morphologieal structures were eollceted on measured birds. 

PrimaI)' feathers in SQ were sam pied in 2003 and 2004, whereas those in WU and EU werc 

eollccted only in 2003. We removed approximately 80 mm of the distal end of the posterior 

vane on the newly grown eighth primaI)' feather (sec Caeeamise ct al. 2000). 

Sample and model selection 

Three independent samples were generated ta determine the best samplcs that would 

minimise the presence of molting B. c. maxima in the WU and EU B. c. interior data sets. 

The first sampie referred ta as "known interior" ineluded birds first banded as HY in WU and 

EU and reeaptured in subsequent years as AHY. Beeause the sample size of "known interior" 

was relativcly small, a second sample was generated by considering catches composed of at 

lcast 75% HY birds. This sample referred ta as "family groups" was based on the 

observations of Hanson (1965) and Didiuk (1979) that malt migrants B. c. maxima generally 

avoid Docks of B. c. interior with goslings. Finally, we pooled the rest of the birds measured 

during the study to compose the "ail birds" sample. ANGVAs were performcd to evaillate 

whether measurcments of each morphological variable differed between the 3 independent 

samples for the WU and EU data sets. 

Aeeording to Giroux et al. (2001), measurements taken on SQ geese could include a fcw 

B. c. interior birds, potentially rcdlleing the aeeuracy of the models established ta 

discrimina.te betwecn B. c. maxima and B. c. interior. Wc thus comparcd measurements taken 

on geese eaptured more than once in SQ ("reeaptured" samp!e) assumed to be B. c. maxima 
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wilh the rcst of the dala sel ("ail birds" samplc). In the "known inferiOl'" and "rccapturcd" 

samples, wc discarded data from birds that were sexed differcnlly in successive captures (sec 

bclow). 

Analyses of variance were performed to compare mcasllrements of B. c. interiOl' geese 

betwecn brceding grounds (WU and EU) for each sample. The same was donc to compare B. 

c. maxima and B c. inlerior measurements using the "recapturcd" and "known inferior" 

samples, respectively. Comparisons were made on males and fcmales separately bccause of 

scxual dimorphism (Hanson 1951). Conditions for normality of the distribulion and 

homosccdasticity wcre met for ail analyses (Kolmogorov-Smimofftests; P>O.OS). 

We pcrformed discriminant function analyses (DFA) on morphomclric mcasuremenls 

(Skllll, culmen, and tarslls) lIsing differcnl samp les to scparatc B. c. maxima and B. c. inlerior 

AHY. Wc firsl compared the "known interior" and the "family groups" samplcs of WU and 

EU with the "recaptured" samplc of SQ. Ncxt, wc compared Ihc "ail birds" samples for the 3 

areas. The samc was done to separale B. c. interior gecse from cach coast of the Ungava 

peninsula (WU vs. EU). Because skull is the most commonly laken measurement during 

banding operations and bccausc it has been considered as Ihc bcst univariale prcdictor in 

othcr studies (Moser and Rolley 1990; Merendino et al. 1994), we did not generate 

discriminant functions based solely on eulmen or tarsus. The percentages of birds weil 

discriminatcd by thc various DFA models werc used to evaluatc thcir accuracy. 

Measurement and Sexing En'ors 

Using birds measured twice during different years, we estimated among- and within-bird 

component of the total variance using a Model II ANOVA for cach morphological variable, 

area, and sex. The total variance among mcasuremcnt values includcs lhe variance due to 

measurcment error (ME) and the variance associated to size variation of the morphological 

structures (Bailey and Bymes 1990). The pcrcentage of the total variance among 

mcasurement values explained by the ME was calculated using the formula presenled by 

Bailey and Bymes (1990): % ME = [s2wilhin / (S2alllong + s2wnilin)] X 100. The rate of errar in sex 

assignment was established by comparing the sex attribution for individuals captured morc 

than once and this was comparcd among the 3 areas with a l test. 
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Isotope analyses 

Feather samples were eleaned of surface oils by floating them during 48 hours in a 2: 1 

mixture of methanol/ehloroform, rinsing twiee with methanol and drying for 24 hours under a 

hood. Betwccn 0.6 and 0.75 mg of feather material was eombusted using a Carlo-Erba auto 

analyser (model NAI500 series 2). The resulting COz and Nz gas from the samplcs was 

separated ehromatographieally and introdueed in a va Optima triple colleetor isotope-ratio 

mass-speetrometer via an open split. Stable carbon (13e) and nitrogen (15N) isotope ratios 

were expressed in delta (8) notation as the deviation in parts per thollsand (%0) from the PDB 

(Pee Dee Belemnite) and the AIR (atmospherie nitrogen) standards, respectively. Using 

internallaboratory and isotopie primary standards, sample repeatability for 81JC and 815N was 

established at ±0.2%0. 

Wc first eompared 813C and 815N betwcen years, sexes, and ages for SQ B, c. maxima as 

weil as bctween areas, sexes, and ages for B. c. interior with ANOVAs. We also eompared 

isotope signatures of feathers between sexes of WU AHY B. c. maxima, between SQ and WU 

of B. c. maxima AJ-IY, and bctwcen the 2 subspeeies of HY geese using t-Iests. DFAs were 

performed to first diseriminate B, c. maxima AHY between SQ and WU and secondly 

between HY birds of eaeh subspeeies. 

ResuIts 

Sample and model selection 

We measured 6,101 and 3,846 B. c. interior J\HY geese in WU and EU, respeetively 

between 1996 and 2004 and 618 B, c. maxima AHY in SQ between 1999 and 2004. Not ail 

measurements were taken on ail birds, thus samplc sizes varied for the different analyses. 

Means of the variables measured for the "known interior" sample were Il times out of 12 

lower than those for the "fami ly groups" and "ail birds" samples (Table 1). These differenees, 

however, were not statistieally signifieant exeept for eulmen of EU fcmalcs (F=JAJ 1; df=l, 

725; P=O.OJJ). 

Samples for the SQ B. c. maxima were eompared for eaeh variable and sex but no 

differenee was observed between the "al! birds" and "reeaptured" samplcs (P>0,05). 

However, means of measurcs for the "recaptured" sample were eonsistently grcater than for 

the "ail birds" sample (Table 1). 
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ANOVAs performed on ail samples of B. c. in/eriar eonfirmed that AHY geese were 

signifieantly smaller in WU than in EU for both sexes (P<O.OOO 1 for all tests; Table 1). 

Based on the "family groups" samples, mean skull measurements of EU females and males 

were laI'ger than those of \VU geese by 3.5 and 3.0 mm, respeetively. Comparisons made 

with the "reeaptured" and "luJOw in/eriar" samples indieated that AHY B. c. maxima were 

larger than geese from WU and EU (P<O.OOO 1 for ail tests; Table 1). Mean skull 

measurements of B. c. maxima were 12.4 and 13.5 mm longer than for WU females and 

males, respeetively while they were 9.2 and 10.7 mm longer than for EU females and males, 

respectively. 

DFA models using morphometrie measurements generally provided good discrimination 

among groups (Table 2). However, classifications performed with the "knowlJ in/criaI''' 

samples were usually more aeeurate to classify the 2 subspeeies while those based on the 

"family groups" samples were better to separate EU and WU B. c. in/erior. The smaller 

differenee between WU and EU B. c. in/erior than between the 2 subspecies resulted in a 

lower proportion of individuals being classified with aeeuraey. Using 3 morphometrie 

variables inslcad of 2 or 1 gave, on average, a better classification (93.4, 91.3, and 87.1 %, 

respeetively). On the other hand, DFAs based on skull and eulmen were sometimes less 

aeeurate than those using skull only. 

To select equations that would minimize the presence of B. c. maxima in the B. c. in/eriar 

data set, we chose the "known in/eriar" sample as the most parsimonious selection exeept to 

separate EU and WU birds for whieh the "family groups" samplcs were used (Table 3). For 

B. c. maxima data set, the "recaptured" sample was ehosen for the DFA analysis based on the 

same prineiple. The various equations ean be used in Nunavik du ring banding operations to 

separate subspeeies on the respective breeding sites and in southern Quebee to eharaeterize 

the harvest composition both at the subspceies Icvel and for the 2 brecding northern sites. The 

nllmber of variables to be measured depends on the time available and the aeeuraey required 

(Table 3). 

A1easuremen/ and sexing errors 

A total of 58 birds were measured twice at WU and EU. In SQ, the sample sizc was too 

limited to carry out the analysis (n<5). On average, % ME was greater for cliimen followed 
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by tarsus and skull. It was also greater for females than males in bath areas and greater in EU 

than WU, espceialJy for femalcs (Table 4). The measuremcnt error of skull for experieneed 

observers was usually <2 mm for live B. c. interior. 

A total of 750,507, and 192 birds were eaptured and sexed two or more times during 

banding operations in WU, EU, and SQ, rcspcctively. Different scx attribution was reeorded 

for 54 of these birds (3.7%). There were a lowcr pereentagc of mistakes for B. c. interior in 

Nunavik (1.6 and 3.7% in WU and EU, respeetivcly) than for B. c. maxima in SQ (12.0%; 

X2=43A4, df=2; P<O.OOOI). 

Is%pe analyses 

Wc analyscd Ile and '5N in newly grown primary feathers of 43 B. c. maxima HY 

eollectcd in SQ as well as of 20 B. c. in/erior HY samplcd in WU and 20 in EU. We also 

analysed primary feathers of 45 and 17 B. c. maxima AHY geesc that have molted in SQ and 

WU, respectively. Finally, we analysed 22 and 19 B. c. in/erior AHY geese lhal have been 

trapped in WU and EU, respcctively. 

In SQ, no difference was found between years (8 D e: 1"=0.715; df=!, 87; P=OAOI; 815N: 
l' 15F=0.202; df=I, 87; P=0.654) or sexes (8 JC: F=0.388; df=l, 87; P=0.535; 8 N: F=0.262; 

df= l, 87; P=0.611) for B. c. maxima. However, primary feathers of AHY were more enriched 

in IJe than those of HY (F=7.657; df= l, 87; P=0.007; Fig. 2). No s\leh differcnee was 

observed for 815N (F=1.959; df= l, 87; P=0.166). In Nunavik, no diffcrcnee was found 

between sexes for AHY B. c. maxima (8 1lc: 1=0.382; df=16; P=0.708; 815N: 1=0.083; df=16; 

P=0.935) nor for B. c. inlerior (8 D e: 1"=0.203; df=l, 80; P=0.653; 815N: F=0.154; df=l, 80; 

P=0.696). On the other hand, area and age signifieantJy affccted delta values of B. c. interior 

[eathers bath for De (area: F=18.786; df=l, 80; P<O.OOl; age: 1"=65.005; df=l, 80; 

P<O.OOOI) and 15N (area: F=12.395; df=l, 80; P=0.007; age: F=18.813; df=l, 80; P<O.OOI). 

However, the patterns were not consistent for IJe (Fig. 2). AI-IY were less enriehed than HY 

in EU with no such differencc in WU. 

Heteroseeclastieity of 8D C in fcather samples bctween southern and northcrn birds (SQ: 

SE=0.331; WU and EU: SE=0.051) precluded the use of parametrie statistics (e.g. DFA) ta 

diseriminatc these groups. For this reason, we only eompared 815N bctween SQ and WU 

AHY B. c. maxima and found that feathers [rom SQ geese were more enriehed in '5N than 
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thosc of WU (t=S.S33; df=GO; P=<O.OOOI). DFA modcl using Ûl5N corrcctly assigncd 95% of 

+ Û
I5NAHY maxima to their respective molling area and y > 0 in the cquation y = -S.3 

indicatcs AHY B. c. maxima [rom SQ. 

Although delta values of feathers were significantly different bctwecn B. c. interior 

eaptured in WU and EU, the DFA had a pOOl' discriminatory power «75% with 2 isotopes) 

for both age groups. Hcnce, wc only compared 515N bctween the 2 subspceies for HY and 

found that fcathers of B. c. maxima had significantly highcr values th an of B. c. interior 

(1=7.780; df=SI; P<O.OOO 1). Individuals were weil assoeiated ta their respective subspccies 

with 90% of the birds being weil c1assified while y > 0 in the equation y = -7.6 + 815N 

designates a HY B. c. maxima reared in SQ. 

Finally, 513 C in feathers of B. c. maxima AHY eaptured in WU were significantly greater 

Ihan those of B. c. interior (t=2.934; df=37; P=O.006) wllile no such difference was found for 

8 15 N (t=1.264; df=37; P=0.2IG). 

Discussion 

Representative samplcs arc required 10 properly eharacterize different populations of 

birds based on morphometric measuremenls. We had idenlified the molt migration of B. c. 

maxima into the B. c. interior brecding range in Nunavik as a potential problem 10 auequatcly 

characterize B. c. interior individuals captured on the West and East coasts of the Ungava 

peninsula. By limiting our analyses to rccaptured AHY birds that had becn banded as HY in 

northern Qucbee (refcrrcd as "known interior"), we reduced our samplc sizc but improved 

the aceuracy of DFA models suggesting that the fu li data set was indeed contaminated by 

molt migrant B. c. maxima. Comparisons of means also support this contention. Moser and 

RoUcy (1990) and Mercndino ct al. (1994) attcmpted to ovcreame this problem by 

considering individuals captured twicc in more lhan 3 years and females with a brood patch 

as B. c. interior. We did not use thesc criteria beeause failed breeders (with a brood patch) 

can also migrate to these latitudes (Abraham et al. 1999). With the inereasing effort at 

controlling the establishment of resident populations at southern latitudes by addling Canada 

goose cggs, this should rcsult in a grealer number of failcd breeders (possibly the sa me 

individuals in successive years) Ihat migrate to northcm Quebcc to molt. 
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Hanson (1965) and Didiuk (1979) argued that molting B. c. maxima did not share the 

sa me habitats as fami ly groups of B. c. inlerior. This is supported by the difference in 

isotopie signatures of birds eaptured in the Ungava peninsula, at least for DC, whieh suggests 

different habitat use or food habits during the molt of these two subspeeies. However, our 

sarnplcs of geese eaptured in family groups were not as helpful as the "known inlerior" 

samples to diseriminate between B. c. inlerior and B. c. maxima. Moreover, the mean values 

of the morphometrie measurements werc often larger for this sample than for the "known 

interior" suggesting the presence of B. c. maxima in these groups. The "family groups" 

sample gave, nevertheless, the best DFA models to classify B. c. inlerior from the respective 

coast of the Ungava peninsula, possibly because of the larger sample size. 

The B. c. inlerior subspeeies is composed of several morphologieally distinct populations 

(Leaflor and Ruseh, 1997; Diekson, 2000). Clinal size variation has also been shown for B. c. 

inlerior in the Mississippi Flyway (Moser and Rolley. 1990). Detailed knowledge of 

geographic variation in body size is thus needed to improve effeetiveness of classification at 

the Flyway Ievel. Although Canada geese eaptured in SQ were comparable in size ta B. c. 

max.ima from southern Ontario and the Mississippi Flyway (Moser and Rolley 1990; 

Merendino et al. 1994), geographieal differenees still exist among populations of B. c. 

maxima within a Flyway. However, eharaeterization of this subspeeies must not be based at 

tbe rcgional seale beeause barvest of surnmer-bandcd individuals indicatcd interehange 

aeross regions (Moser and RoUcy, 1990). 

Population discrimination using morphometrie measurements is subjeet ta diverse biases 

(Leafloor and Rusch 1997; Leafloor et al. 1998; Thompson et al. 1999; Rasmussen et al. 

2001). The impreeision of a measurement depends on the morphologieal variable and the 

experienee of the measurer. To investigate measurement errors (ME), our analyses were 

based on homogenous samples established for eaeb scx class in eaeh region. This reduccd the 

among-birds variation and estimated more aecuratcly the relative contribution of the within­

birds variance assoeiated to the measurers. Morcover, our data were eolleetcd in the field on 

live birds by different cxperieneed measurers, which is different than measuring dead 

immobile birds as donc by Rasmussen et al. (2001). Nevertheless, wc found similar 

magnitude of variability within goose measuremcnt than Rasmussen et al. (2001). Although it 

would be preferable to have the sarne measurers eaeh year, this is rarely possible when the 
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banding programs ex tend over many years and involve several ageneies. Variables with low 

% ME sllch as skllll shollid be privilcged for morphometrie classification to rcdllee the 

likclihood of type II error (Toft 1983). 

This study is the first to investigate the rate of error in sex attribution of Canada goose. 

More than 10% of gecse reeaptured in SQ were sexed difièrently eompared to Jess than 4% in 

the Ungava peninsula. This might be due to the robustness of B. c. maxima that make 

manipulations of the birds more diffieuJt. Brown and Brown (2002) found eITor of II % in 

scx assignment for HY mute swans (Cygnus a/or) banded in UK and the bias was the same 

for males and fcmales. This bias does not influence the aeeuraey of our OFA models beeause 

we only included recapturcd geese that had been sexed identicalJy. However, failure in sex 

assignment may have consequences on classification when the measurcments fall within the 

range of overlap between B. c. maxima femaJes and B. c. inlerior males. For these birds, 

subspeeies classification is more likely to be false if individuals arc wrongly scxed. Our data 

indicated that toleranee intervals (Tl) set at an Ct-lcvel of 95% overlap by 10 mm for skull 

measurements of B. c. maxima femalcs (lower TI= 116.1 mm) and B. c. inlerior males (higher 

TI= 126.\ mm). 

The isotopie signatures carried in primary feathers of a bird reOeet the environment in 

which it molted and this can be used to trace source of elements (Mizutani ct al. 1992; 

Hobson et al. 2000). Howevcr, Iike Graves et al (2002) reeently found in blaek-throated blue 

warblers (Dendroica caeru/escens), enriehment in Canada goose is age-specifie and must be 

eonsidered when using stable isotope to delineate geographie origin of birds. Different 

patterns of isotopie fraetionation between AHY and HY du ring keratin synthesis may explain 

this finding but a distinct diet between goslings and adults may be also important. Ouring the 

rC<lring period on the west coast of the Ungava peninsula, AHY and HY Canada geese 

consumed different varieties of plants and different plant parts (Cadieux et al. 2005). 

Compare to AHY that eonsumed high-cnergy plant part, the diet of goslings is generally with 

higher nitrogen concentration. 

The 13C isotope has a limited eapacity to aet as a general marker to link individual geese 

to their molting area. Unlikc Wasscnaar and Hobson (2000; 2001), this finding may not be 

duc to a similar contribution of C3 and C4 plants betwecn geographic arcas, but rather to the 
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greater variability of the SQ site and the use of both anthropic and natural habitats by broods 

of B. c. maxima along the St-Lawrence river (Doiron 2006). 

Converse!y, different ~itrogen isotope concentrations in goose fcathers reveat different 

sources of nitrogen. Higher 8'sN in the feathers of SQ geese may reflect the cntry of excess 

fertilizer nitrogen into local river systems (Heaton 1986; Kendall 1998; Hebert and 

Wassenaar 2001). Multiple isotope analyses have been proposed to trace the origin of birds 

(Chamberlain ct al. 1997; Caccamise ct al. 2000; Wassenaar and Hobson 2001; Hebert and 

Wassenaar 2005). However, hydrogcn and sulfur isotopie analyses of complex organie 

structure like keratin need extensive and expensivc laboratOlY manipulations and may be less 

suitable for large seale sampling. 

Management implications 

Canada goose management objectives in the Atlantie Flyway have evolved during the 

second ha If of the 20111 century following the expansion of the tcmperate subspecics (B. c. 

maxima). The effective management of this species requires demographie information and 

harvest estimates for each population(Hindman ct al. 2003). Our study shows the 

effeetiveness of using morphometric measurements and isotope signatures to propcrly 

identify the population source of an individual Canada goose. 

First, our results can be used ta discriminatc molting B. c. maxima and breeding B. c. 

interior AHY geese capturcd in the Ungava pcninsula region. Using only skull 

measurcments, the most commonly measure taken during banding operations, wc ean now 

aecurately assign >89% of the geese ta their subspecies. Skulls larger than 118 and 125 mm 

for females and males, rcspeetively, indieate B. c. maxima. More measurements ean be taken 

to inercase aeeuraey but the time to process the birds will lengthen the banding operations, 

whieh ean affect goose survival (Menu et al. 2001). 

Our results are also useful to estimate the contribution of eaeh population in the harvest. 

Morphometrie measurements elassifying subspecies of harvestcd AHY geese might be used 

during fall at southern latitudes. Morphometrie mcasurements arc also valuable to distinguish 

the population source (west and cast coasts of Ungava peninsula) of harvested B. c. interior 

gccse (models' aecuracy >84% whcn using 2 or 3 variables). For AHY B. c. maxima, 8'sN of 

primalY feathers eollected on harvested geese in southcrn Quebee eould help to distinguish 
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ones that have bred in this region l'rom those that have molted in Ungava peninsula region 

(models' aeeuraey >90% using o,sN). However, Caeeamise et al. (2000) found that inland B. 

c. maxima trapped in New Jersey wcre less enriehed in stable isotopes than B. c. maxima 

trapped in southern Quebee. Bence, precaution must be taken when using isotopie signature 

to manage sub-populations of resident Canada geesc. For HY geese, o'sN of primat)' feathers 

eould be helpful to elassify harvestcd geese at the subspeeies level. 

1'0 establish regulations and aehieve specifie management objectives, Part Surveys based 

on wings and tails of bagged waterfowl are used to investigate population contribution 

aceording to regional units and through time. However, to assess subspeeies and sexes of 

individual Canada geese, collection of head and rump ofbirds would have to be addcd to this 

survey, whieh may be diffieult to implernent. On the other hand, several sampling stations 

distributed throughout different hunting districts eould be deployed for specifie and punetual 

surveys. Once a representative sample is aehieved, the eombined use of morphometrie 

measurements and isotope analyses should be eost-effeetive to diffcrentiate populations of 

Canada geese. 
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Table 1. Mean skull, culmen, and tarsus length (mm) of after hatching year male and female Canada geese captured on the West (WU) and East 

coast (EU) of Ungava peninsula, 1997-2004 and southem Quebec (SQ), 1999-2004. See the text for description oftbe samples. 

Female	 Male 

Subspecies (area) Skull Culmen Tarsus Skull Culmen Tarsus 
Sample x se n x se n x se n X se n x se n x se n 

B.	 c. interior (WU) 
Known interior 111.1 0.25 124 48.6 0.33 86 78.4 0.46 85 117.6 0.44 78 50.7 0.57 47 85.1 0.67 47 
Family groups 111.7 0.11 490 48.6 0.12 164 78.8 0.23 162 118.0 0.17 443 51.4 0.22 137 83.9 0.30 137 
Ail birds 111.6 0.08 2597 488 0.35 667 78.7 0.13 659 1178 0.08 2369 517 0.51 538 84.4 016 529 

B.	 c. interior (EU) 
Known interior 114.3 0.46 48 51.4 0.38 42 81.3 051 42 120.4 0.66 35 54.2 0.50 30 88.0 058 30 
Family groups 115.2 0.37 105 52.8 0.34 53 81.9 0.49 42 121.0 0.39 92 55.4 0.42 37 88.6 058 33 
Al! birds 114.6 009 1872 52.1 0.21 633 82.0 0.15 622 120.8 0.09 1694 55.0 0.22 586 883 0.17 578 

B. c. maxima (SQ) 
Recaptured 123.5 0.42 86 558 0.26 85 88.8 0.39 78 131. 1 0.50 67 59.4 0.33 67 95.9 057 44 
AlI birds 123.4 0.27 256 55.7 016 256 88.0 0.30 152 130.7 033 209 59.1 0.22 206 95.4 0.46 94 

IV 
VI 



Table 2. Percent of Canada geese correctly classified to their subspecies or breeding area using discriminant function analyses based on 3 different 

samples of B. c. interior captured on the West (WU) and East coast (EU) of Ungava peninsula and two samples of B. c. maxima captured in 

southern Quebec (SQ). 

Female (%) Male (%) 

Maxima Maxima Maxima Inl. WU Maxima Maxima Maxima Int. WU 
Variable vs. vs. vs. vs. vs. vs. vs. vs. 

Sample of B. c. interior' Interior In!. \VU In!. EU In!. EU Interior Int. WU Int. EU Int. EU 
Skull-Cu\men-Tarsus 

Known interior 94.6 98.\ 93.3 68.5 95.0 98.9 93.2 68.8 
Family groups 94.0 979 87.4 887 92.5 97.8 935 84.\ 
Ali birds 86.3 96.5 82.0 776 872 96.1 85.2 76.3 

Skull-Culmen 
Known interior 94.4 97.7 88.2 68.0 94.4 97.4 907 675 
Family groups 891 956 84.8 85.3 90.0 942 86.5 81.0 
AlI birds 86.8 95\ 81.8 76.4 87.2 938 85.1 75.5 

Skull 
Known interior 94.6 98.[ 88.8 68.6 93.9 94.5 89.2 63.7 
Family groups 919 95. [ 869 70.4 94.0 95.9 89.3 66.2 
Al! birds 90.4 94.5 87.6 67.9 90.9 93.9 89.2 67.2 

*Known interior and Family groups samples of B. c. interiQl' were compared with the recaptured sample of B. c. maxima whi[e the Al! birds samples of both 
subspecies were compared 

N 
0\ 
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Table 3. Selectcd equations for classifying subspeeies of AHY Canada geese based on skull (SK), 

culmen (CU), and bone tarsus (TA) measuremcnts. SQ, WU, and EU indicate Southern Qucbee, 

West coast, and East coast of Ungava peninsula, respeetively. 

Classification (use)" 
Fcmale Male 

Maxima vs. inlerior (Ta be used in SQ for harvest) 
y = -23425 + 143*SK + 0.02*CV + o 77*TA y = -170.68 + 0.65*SK + O.30*CU + 0.80*TA 

y = -20805 + J.64*SK + 0.27*CV y = - J57.67 + J .16*5K + 023*CV 

y=-118.16+5K y=-124.88+SK 

Maxima vs. WU inlerior (Ta be used on WU during banding) 
y = -293.60 + J.59*SK + 045*CU + 1.00*TA y = -239.66 + 1 25*5K + 0.38*CU + 0.70*TA 

y = -245.05 + 1.77*SK + O. 7J *CU y = -19988 + 139*SK + 0.50*CU 

y=-IJ7.J8+5K y=-124.35+SK 

Maxima vs. EV inlerior (1'0 be used on EV during banding) 
y = -196.95 + 100*SK + 0.06*CU + 0.89*TA y = -18825 + 0.69*SK + o 52*CU + O.77*TA 

y = -J6334 + 129*SK + 0.19*CV y = -]5051 + J.II*SK + 0.20*CV 

y = -1 18.64 + SK y= -125.39 + SK 

EV inleriOi' vs. WU inlerior (Ta be used in SQ for harvest) 
y = -87.66 + -03 J*SK + 1.99 *CU + 0.28*TA y = -89. J4 + -0 13*SK+ 1.04*CU+0.57*TA 

y = -63.13 + -0.17*SK + 1.63*CU y = -87.06 + 035*SK+O.85*CU 

y=-114.11 +SK y=-11823+SK 

a Whcrc y > 0 means B. c. maxima for the first 3 series of models and EU B. c. i17lerior for the last 

senes. 
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Table 4. Variance components estimates for Canada gcese morphologieal variables mcasurcd 

(mm) on AHY femalcs and males eapturcd on the west (WU) and east (EU) coasts of Ungava 

peninsula, 1996-2004. 

wu EU 
Females Males Females Males 

Variable Variance eomponent (n=10) (n=12) (n= 17) (n= 19) 

Skull Among geese 2.83 9.89 913 10.33 

Within geese 0.71 2.25 2.04 1.30 

% measurement error 19.9 18.5 18.3 Il.2 

Culmen Among geese 2.77 5.76 2.96 319 

Within geese 0.78 2.22 3.00 2.26 

% measurement error 21.9 27.8 503 41.5 

Tarsus Among geese 5.87 1513 5.03 1055 

Within gecse 3.10 2.13 2.29 1.15 

% measurement error 34.6 12.3 31.3 9.8 
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Fig. 1. Location of sampling areas in northem and southern Quebec. B. c. inlerior geese were 

captured along the west (WU) and east coasts (EU) of Ungava pcninsula whereas Al-IY B. c. 

maxima gcesc were eaptured in southern Quebee (SQ) and WU. Stars rcpresents capture 

sites. 
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Fig. 2. Mean (±SE) delta values [or carbon (bDC) and nitrogen (blsN) isotopes of fcathers 

collccted from hatching ycar (HY) and ufter hatching yeur (AHY) Canada gecse in Quebec, 

2003-2004. Values ure plolted according to subspecics (B. c. maxima and B. c. inlerior) and 

summcr range (SQ = Soulhern Quebec; WU = west coast of Ungava peninsula; EU = cast 

coast of Ungava pcninsula). Sample sizc shown in parenthcscs. 



CHAPITRE 2 : DISPERSION POST-REPRODUCTIVE DES BERNACHES DU CANADA 

RESIDENTES DANS LE SUD DU QUEBEC 

Cc chapitre sera soumis pour publication sous le titre suivant:
 

Posl-brecding dispersal of rcsident Canada gccsc in southern Qucbcc.
 

Matlhicu Beaumont, Jean-François Giroux, Jean Rodrigue 
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Abstract: Individual behavior that reduees vulnerability to sport harvest ean affect population 

dynamies and must be eonsidered when developing management plan. Resident Canada 

geese (Branta canadensis maxima) have inereased steadily throughout the Atlantic flyway 

and have become a nuisance in sorne parts of their range. The objcc..~jve of our study was to 

determine dispersal, movements, and habitat use during the post-breeding period of resident 

Canada geese recently established in southern Quebee. The ultimate goal was to determine 

the potential of hunting as a measure to prevent this population of beeoming over-abundant. 

Wc traeked a sample of geese fitled with radio-eollars or conventional alphanumerie collars 

throughout the fall in 3 zones charaeterized by different habitats and hunting pressure. Before 

the hunting season, geese !eft the breeding area where hunting was allowed to reaeh a 

suburban environment where firearm discharge was totaJly or partially restrieted. This post­

breeding dispersal occurred when juveniles were approximatc!y 3 months old. Distribution of 

radio-collared geese and Dock survcys showed that few birds used the hunting zone. Local 

movements among zones with different hunting pressure were limited once migrant geese 

from northern breeding populations reaehed the study area. Radio-eollared geese used mainly 

natural habitats (75.4 ± 2.6%), followed by urban (14.4 ± 2.7%) and agricultural habitats 

(10.3 ± 0.8%). They were loeated in 73.8% ± 6.2% of the time in areas where hunting was 

prohibited. Geese that atlended juveniles were more prone to use areas where firearm 

diseharge was restrieted than geese that have abandoned or Jost their brood. This study 

showed that under the prevailing regulations, the potential raie of hunting to manage resident 

Canada geese in southern Quebee is limited. 

Keywords: Branla Canadensis maxima, Canada goose, habitat use, hunting disturbanee, 

movement, Quebee, suburb ecology 
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J1\ trod uction 

The choiee of foraging habitats by animais is assumed to be an active proeess with the 

goal of maximizing their net rate of encrgy intake (Stephcns and Krebs J986). Individuals 

face trade-offs between predation risks and foraging opportunities (Lima and DilI 1990). 

They should thus adopt optimal strategies that maintain energy balance and reduce 

probability of mortality. In refuge systems, where groups of individuals disperse radially 

from a central living place to aequire food (Hamilton and Watt 1970), mobile populations 

have the option of moving to a more favorable environmcnt when foraging eosts beeome 

greater than gains (Frederiek and Klaas 1982). Behaviors of individuals that direetly affect 

vital parameters such as survival may thus influence population status. For that matter, 

movements of individuals in reaetion to SPOIt harvest may enhanee survival and be a leading 

feature in population dynamies (Madsen 1995). 

Over the past 40 years, waterfowl managers have favored hunting to control the growth 

of several goose populations in North America (Ankney 1996; Johnson 1997). In the Atlantic 

l1yway, Ihe demographic expansion of resident Canada geese (Branla canadensis maxima) 

has been recently stabilized, in part beeause of higher harvest resulting from special hunting 

scasons in several states and provinces (Atlantic Flyway Couneil 1999; Heusmann 1999; 

Hindman ct al. 2003). However, the ability of this subspeeies to exploit urban environments 

increases eonfliets with humans and may prevent aehievement of management goals beeause 

hunting activities are often prohibited or restrieted around eities (Conaver and Chaska 1985; 

Ankncy 1996). It is th us essential ta investigate the role afhunting on movements and habitat 

use by resident geese in these environments ta refine control strategies and ta help managers 

in taking decisions. 

Resident Canada geese have cxpallued their range in northeastern America and arc naw 

breeding in sauthern Quebec (Giroux et al. 2001). The rapid growth of a populatian reeently 

established near Montreal emphasizes the impartanee of ealleeting information to develop 

strategies that would aim at limiting population growth and minimizing eanfliets experieneed 

in other regions. In this study) wc examined the post-breeding dispersal, l'ail distribution, 

local mavernents, and habitat use of resident Canada geese establisiled in Quebee. The area is 

eharactcrizcd by urban, suburban, and rural settings where different hunting regulations and 
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municipal by-Iaws about firearm discharge prevail. In addition, a special carly hunling season 

has been introdueed few years ago by the Canadian Wildlife Service to specifically control 

resident Canada geese. We took advantage of this spatiotemporal variation in hunting activity 

to evaluale its effect on the post-breeding dispersal of geese. Ultimately, wc wanted to asscss 

the potential of sport hunting as a control measure for this inereasing population. 

Methods 

Sfudyarea 

The study area eneompassed approximately 415 krn 2 within thc region of urban sprawl 

that oeeurred in the lasl 20 years around Montreal (Fig. 1). 11 was eharaclerized by urban and 

suburban developmcnts eneroaehing inlo agrieulturallands. Wc divided the area into 3 zones 

aceording ta hunting aetivity and land lISC. The East zone ineluded the nesling, rearing, and 

molting sites of Canada geese that breed at Varennes (Giroux ct al. 2001). Tt was loeated 

northcast of Montreal along the St-Lawrcnce Rivcr (45°39'30" N, 73°27'30" W) and ineludcd 

several islands Ihat were used as pasture until the end of the 1990's. This has limited the 

growlh of Irecs and shrubs and mainlained an extensive herbaeeous cover (Lapoinle cl al. 

2000). The surrounding mainland, espeeially along the south shore of thc River was 

eomposed of 40% of agricultural lands dominated by small grain eereal and corn fields, the 

lattcr being used to feed livestoek. Waterfow 1 hunting was allowed throughout the area 

except in Ihe urban portions of Montreal, Repcntigny, Varennes, and Bouchervillc and started 

on Ihe fourlh Saturday of September unlil mid Deeember. The special carly goose season was 

limited to agrieultural lands and began 3 weeks before the regular season. 

The Central zone was loeated al Ihe junetion of des Prairics and des Mille Îles Rivers 

(Fig. 1). Agrieultural lands represented <30% of this zone and fields were mainly eultivated 

ta produee human food (sweet corn and vegetablcs). Hunting was allowed along the soulh 

shores of des Prairies River on the island of Montreal and in ail agrieulturallands within the 

municipality of Laehenaie. Firearm diseharge was prohibiled elsewhcre ineluding the enlire 

Ile Jesus (Laval) by municipal by-laws. 

The West zone was charaeterized by extensive urban developmcnts wilh high human 

density. However, the Mille Îles River that crossed thc zone was dotted with many islands 

thal eonstituted natural habitats. Agriculturallands werc scallered on Ile Jesus and in the most 
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northerly portion of the zone. Hunting was not allowed throughout the West zone bceausc 

municipal by-Iaws prohibited discharge of firearms. 

Canada gcese that breed in southern Quebee winter in north-eastern United States (J. 

Rodrigue, unpubl. data). CoJd tcmperatures and frecze-up of most water bodies in winter 

pre vent the geese to stay ail year round. The geese arrive on their breeding sites at the end of 

Mareh but their departure date was unknown. ln addition, molt migrants from other southern 

resident populations join the breeding floeks during the summer. They arrive in the first week 

of June (Giroux et al. 2001) but their departure date was also unknown. Other molt migrants 

pass through the area in June and continue to more northern sites, up to Ungava pcninsula 

(Rodrigue and Harvey 2002). During the fall, a portion of Canada geese (B. c. interiOl') that 

breed in Nunavik (northern Quebee) stage in southern Quebee (Malccki ct al. 2001) along 

with returning molt migrant giant Canada geesc. 

Mm-king and tracking geese 

In the spring 2004, the 4 islands of Varennes (Il 1.5 ha) were scarched for Canada 

goosc nests. USillg a scoop net or a bow-net trap, wc eaptured a samplc of nesting femalcs 

and equipped them with radio-transmitters afflxed to neck eollars (total weight: 56 ± 0.8 g), 

whieh represented <1.5% of body weight (Demers ct al. 2003). Nests werc monitorcd untiJ 

hateh to dctermine sueeess and brood size of eaeh marked femalc. ln early July 2003 and 

2004, we captured pre-fledged juveniles and molting adults using corral traps. Conventional 

alphanumerie plastic neck eollars were put on a samplc of adult femalcs that had a brood 

patch. Howevcr, the presence of a brooel patch docs not mean that a female had bred in 

southern Quebec. Molt migrant gcese that were failed breedcrs from other resident 

populations could also have a brood patch. 

Starting in mid-July, when the geese wcrc still molting, wc loeated the radio-marked 

geese every day by telemetry using a Yagi antenna mounted on a vehicle or from a boat. 

When geese started to disperse, we scarehed eaeh zone twiee a week. Survcy effort among 

zones was balaneed between morning and afternoon periods. Traeking cnded when the last 

radio-tagged goose left the area. Radio-eollared geese were assigncd to a zone on a weekly 

basis. Whenevcr, a bird was loeated in 2 zones during the same week, wc assoeiated it to the 

zone where it had not been observed the previous wccks to maximize information about 
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distribution. Residencc time of each radio-collared goose eluring thc hunting season was the 

number of days that clapsed between the opening of the special hunting season and the date 

of Jast location in the study area. 

Raelio-tagged geese were locatcd by triangulation or visual contact and the locations 

were noted on 1:20,000 topographical maps. For eaeh location, wc recorded habitat aceording 

to 3 broad categories. Natural habitats were mainly riversides and isJands that have not been 

modificd by humans. Urban habitat inelueled man-made habitats such as parks, golf courses, 

ponels, and riversides that hael been transformed by human aetivities. Finally, agriculturaJ 

habitats ineluded fields with different crops. Wc also noteel whether the geese were located in 

areas where hunting or firearm diseharge was allowed or not. 

During the surveys, wc also scarched for neek-collared females with a spotting seope 

(25-60 x) in ail floeks regardless of the presence of radio-tagged females. We rceorded the 

number of individuals in eaeh floek and eomputed the sum for eaeh week and zone. Finally, 

groups of hunters spotted during the surveys were reeordcd, summed for the whoJe season 

and standardized by the l1umber of days with sUl-veys in eaeh zone. 

Statislical analyses 

Survival and movemcnt probabilities of eollared geese werc estimatcd using multi-statc 

capture-rccapture models with program MARK version 4.1 (Brownie et al. 1993; White and 

Bumham 1999). For multi-state models, capture histories reveal both eneounters and 

locations (state). In this study, the first capture consisted of observations of neek-eollared 

geese during the molting period and subsequent captures were the observations made during 

the following periods (see below). Maximum likelihood estimates were obtained for: pT,= the 

probability that an individual was deteeted in zone r at time 1 given that the individual was 

alive at time l, <pr,= the probability that an individual alive in zone r at time 1survived and did 

not permanently emigrate from the study area until 1+1 and IjJrs, = the probability that an 

individual in zone r at time t be in zone s at lime 1+ 1 given that the individual survivcd until 

t+ 1. We assumed that movement probabilities between t and t+ 1 followed a lirst-order 

Markovian proccss, i.e. they only depended on the region at time t. 

To minimize the number of parameters to be ineluded in the models, we grouped 

recapturcs into 8 3-week periods. July 24 was set as the end of the molting period (M) based 
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on the hatehing date of the first nest and a 70-day fledging period (Hans on 1965). Two post 

molting periods (PM 1 and PM2) were set before the beginning of the speeial hunting season 

(SS) that spanned between 6 and 24 September. The regular hunting season opened on 25 

September and 4 3-week periods were established (RSI, RS2, RS3, and RS4). A bird seen in 

more than 1 zone for a given period was assoeiated to the zone where it was most often 

cneountered. When tics oeeurred, the bird was assoeiated to the zone where it has not been 

eneountered during the previous period to maximize information about movements. We 

eonsidered the probability of collar 10ss to be nul! during the study because of its short 

duration. 

The most generaJ model ineluding cp, p, and \jJ as funetion of time (t=7), zone (z=3) and 

eollar types (c=2) was eoded <pz"'" Pz','" and \jJz"'" respeetivcly. Geese tagged with 

eonventional and radio eol!ars were coded distinetively giving full eneounter probability (P', 
= 1) of radio-eollared birds. To reduee the number of parameters, wc tested modcls without 

group eonstraints on <p and \1' and models in whieh p was funetion or not of t and/or s. Our 

main interest was to investigate the effeet of hunting on cp and \jJ using models that had 

biologieal signifieanee. Numerous models were eomputed using eonstraints relevant to the 

hunting regulations that ehanged among periods and zones. 

Goodness-of-fit tests were caleulated using the program V-Care 2.02 (Lebreton 2003), 

whieh does not separate multi-state tests but give assoeiatcd statistie values. We us cd the 

Akaike's Information Criterion (AICJ to seleet the best approximating model (lowest ArCc 

value; Burnham and Anderson 1998). We also used AIC, weight (AIC,Cû), whieh represents 

the weight of evidenee in support of eaeh model in the eandidate set given the data. 

We used eompositionaJ analyses ta investigate how habitat use by radio-eollared geesc 

was affeeted by hunting (Aebiseher et al. 1993). Availability was defined as the proportion of 

each habitat (natural, urban, and agricultural) within the entire study arca. This was 

established l'rom a digitized Landsat thematie map (TM, 30-m pixel) using AreMap 9.1 for 

Windows (ERS! 2005). We excludcd forests l'rom natural habitat and urban settlements l'rom 

the urban habitat beeause gcese do not use these habitats. We also ealculated the areas where 

hunting was allowed and prohibited within the natural and agrieulturaJ habitats (hunting 

being always prohibited in urban habitats). Habitat use was defined as the proportion of radio 

locations in eaeh habitat for eaeh individual. To satisfy unit-sum constraint and independeney 
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conditions, the sampling unit was the log-ratio of the proportion of locations of each 

individual (Aebiseher ct al. 1993). 

Wc first tested that habitat use differed signifïcantly l'rom random use bcfore and 

during the hunting season. For each period, we ranked habitats from the most to the kast 

exploited by geese and tested the signifïcanec of the associated Wilk's lambda (II.) by 

randomization as reeommended by Aebiseher cl al. (J 993). Wc then used a MANOVA to 

investigate whether habitat use by radio-eollared geese ehanged artel' the opening of the 

hunting season. Our second objective was to deteet habitat preference during the hunting 

season by eonsidering five habitat categories (natural with and without hunting, agricultural 

with and without hunting and urban without hunting) in a compositional analysis. We also 

used randomization tests to determine the signifieant differenees between ranks of the 

habitats used by gcesc. Wc used a paired {-test to compare the pereentage of locations of 

individuals in hunted areas betwcen the natural and agrieultural habitats to evaluate whethcr 

geese were more susceptible to encounter hunters when using one of these habitats. Final!y, a 

compositional anaJysis was used to compare habitat use by females that attend cd a brood and 

those that eilher abandoned or lost their broods. A Student t-test was also used to compare the 

pcreentage of locations in areas where hunting was prohibited between attending and non­

atlending femalcs. Ali eompositional analyses and randomization lests were pcrformed with a 

modified SAS program written by Ott and Hovcy 

(hllp://nhsbig.inhs.uiuc.edu/habitat usc/bycomn.sas). Angular transformations were applicd 

ta percentage data. 

Results 

ln 2004, 134 nests were locatcd on the Varennes islands and we captured 19 females 

that were fitted with a radio-collar. Four femalcs left the study area before the molting period 

(between June 6 and June 12) and 3 returned to the study area during the l'al!. The fourth one 

was shot in Massachusetts in November. Among thesc 4 females, one had its nest preyed 

upon and the others abandon cd their young early during the brood-rearing period, a comrnon 

phenomcnon in this population (Doiron 2006). Young that had been web-tagged at hatching 

were captured in July in banding drives that did not incJudc the parents (J-F Giroux, unpubl. 

data). 13ecause wc did nol succced in putting al] radios during the nesting pcriod, we replaced 
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conventional collars by radio collars of 6 females during the banding drives. These females 

had bcen previously located on a nest (aIl were successful in hatching eggs) and observed 

regularJy during the brood rearing and molting periods. Among the 21 radio-collared fcmales 

that moltcd in the study area, 1 had its nest preyed upon, 12 rCUI-ed :::: 1 young and 8 

abandoned or lost Iheir brood. A total of 1044 locations wcre obtaincd including 508 visual 

contacts (48.7%) with an average of 47.1 locations per female (SE = 1.5; min = 29; max = 

58) and a mean interval on.3 days between each location. 

ln 2003 and 2004, wc band cd 288 and 544 molting adults and fitted 91 and 124 females 

with conventional colJars, respectively. We observed 150 females during the fall 2004 for a 

total of 1727 locations or 13.3 per female (SE = 0.46; min =1; max = 36). 

During the hunting season, wc reeorded seven timcs more hunting parties in the East 

(0.34/day) than in the Ccntral zone (0.05/day). As expected, no hunter was observed in the 

West zone throughout the fall. Although wc cou Id not distinguish bctween those that were 

hunting geese and ducks, most waterfowl hunters in southern Quebec will shoot at gecse if 

they have the opportunity. During our surveys, wc did not encounter any hunter during the 

special early season but wc know that some hunters were active. In 2004, 7 birds bandcd in 

2003-2004 were recovered during the special season and 33 during the regular season within 

[he study area, mostly in the East zone (92.5%). 

Dispersion and migration chron%gy 

During the molt and the beginning of the post-molt periods, Canada geese were 

eoncentrated in the East zone (Fig. 2a). Thesc included birds that bred at Varennes and those 

that arrived there during the summer to molt. Thc 21 remaining radio-collared geese were aIl 

loeated in this zone (Fig. 2b). Their numbcrs decreased rapidly by mid-August when the birds 

disperscd towards the Central and West zones. This oceurred when the juveniles were 

approximately 3 months old (Table 1), weil before the opening of the special hunting season 

in early September. 

Concomitant to the dispersal of resident geese to the West and Central zones, alTi va! of 

B. c. inferior and B. c. maxima from northern Quebec inereased the total number of birds in 

these two zones (Fig. 2a). The regular hunting season began at this time and the maximum 

number of birds was rceorded about 3 weeks later. Very few geese uscd the East zone during 
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the hunting period comparcd to numbcrs obscrved in the Central and West zones. Finally, a 

greater number of geese including radio-tagged birds used the West than the Central zone 

during the second half of the hunting season (RS3 and RS4). Only 1 radio-taggcd goose was 

shot during the study and this occurred du ring RS 1 in the East zone. This goose had 

previously spent the PM 1, PM2, and SS periods in the Central zone. 

The ehronology of migration departure was much extended than the post-molt dispersal 

(Table 1). The first radio-tagged geese !cft the area in carly October and the last one on 19 

Deeember. On the other hand, the post-molt dispersal oecurrcd during a period of just over 1 

month. These birds were not loeated further south in Quebcc during sporadic ground tracking 

throughout the area. Residence time during the hunting season lasts on avcrage 88 days, 

whieh represents 78% of the duration of the whole hunting season (J 12 days) 

Movements 

When the data on radio and eonventional collar locations were grouped into 8 periods 

of 3 weeks, 1026 observations were considered including 370 in the East, 357 in the Central, 

and 299 in the West zones. For radio collared birds, wc are confident that the regrouped 

encounters were representative of eaeh zone use beeause individuals were located on average 

91.7% of time in the same zone during a given period. Although ties in thc number of 

locations in more than one zone never occurred, individuals \Vere located in three zones 

during a same period at only nine occasions. For conventional collared geese, 85.4% of 

rcgrouped encounters occurred in a single zone, 14.6% in 2 zones and none in 3 zones. 

Moreover, ties in the number of locations for 2 zones oecurred in only 5.9% of the regrouped 

eneounters. 

The gcneral model fitted the data weil (l102 = 89.3; p > 0.05). The two best models 

indicated that dcteetion probability (P) was time and group dependent while apparent survival 

probability (<p) and movement probability (\v) were related to hunting regulations (Table 2). 

Time eonstraints on <p indieated different survival probability after the opening of the hunting 

season (<Pz": <prl-2_J -1 <pr4.5.6-7) whcreas a weak preference was shown betwecn the model with 

full zone eonstraint on <p (<p,: (pEm" -1 <pCen/ml, -1 <pIYe,,) eompared to one with hunting zone 

constraint on <p (<p/,,: <pEMff =/: <pCenfrnl'W('''f). This last mode! estimatcd that <p for the East zone 

was 98.5'% (SE = 0.01) beforc the hunting season and 64.5% (SE = 0.16) during the hunting 
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season while <jJ for the Central and the West zone together was 99.9% (SE = 0.0 1) and 96.1 % 

(SE = 0.01) before and during the hunting season, respectively. 

The best mode! suggested that eonstraint on \jf due to hunting regulations implied only 

movements toward the East zone and suggested that \jf was eonstant throughout the study 

until the last period (\jfzh: \jf!-2-3-4-5-6 =j:. \jf7 for \jfCenlra!~Eas( and \jf1Yc<1-.!:aSI) whereas no eonstraint 

on other movements was seleeted. Estimates of \jf indieated inereasing movements to the 

Central and West zones before the opening of the regular hunting season (Fig. 3a). 

Thereafter, \jf remained low exeept for a small inerease during RS3 indicating some 

movements from the Central to the West zone. When the opposite transitions were 

considered, movements from the West to the Central zone oceurred at the beginning of the 

hunting season. Movements towards the East zone were negligible during the whoJc period 

cxeept during RS4 when some geese returned to their breeding and molting sites before 

departing for migration (Fig. 3b). 

Habitat use 

During the fall, radio-eollared geese were predominant1y loeated in natural habitats 

(75.4 ± 2.6%), followed by urban (14.4 ± 2.7%) and agrieultural habitats (10.3 ± 0.8%). 

Geese using natural habitats were observed resting on des Mille Îles and des Prairies Rivers 

and were often feeding in shallow water dominated by submerged vegetation along the shores 

of the rivers or around the numerous islands that dotted these rivers. Urban habitats used by 

geese included lawns on private propelties and eity parks locatcd along riversides, corporate 

managed landseapes surrounding petro-ehemieal plants, and golf courses. In agrieultural 

habitats, gcese eoneentrate their feeding on spillcd grains in stubble and plowed eorn fields or 

small grain eereals. Barvest of corn fields in the Central zone (sweet eorn for human use) 

started in mid August and was eompleted by late September. In the East zone, harvest of eorn 

for grain started in late September and ended in Deeember. 

Compositional analysis showed a signifieant departure from random use of habitats 

during the fall both before (n = 21; Wilk's le = 0.332; randomized P < 0.00 1) and during the 

hunting period (n = 24; Wilk's le = 0.353; randomized P < 0.00 1). Natural and urban habitats 

were bath preferred ovcr agricultural lands during the two periods. However, habitat use by 

gecse slightly ehanged after the opening of the hunting season with gècse spcnding more time 
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in agricultural habitats (4.7 vs. 15.0%) and Jess in urban habitats (20.9 vs. 9.2%; MANOVA, 

F2. 3H = 5.49; P = 0.003). 

During the hunting season, radio-colJared geese were loeated mainly in areas where 

hunting was prohibited (73.2% ± 6.2%). For this period, signifieant departure From a random 

use was observed (n = 24; Wilk's À = 0.096; randomized P < 0.001; Fig 4a). Urban habitats 

and nan-hunting areas in natural habitats were the most preferred while agrieulturallands and 

areas accessible to hunters in natural habitats were the Icast preferred. Radio-tagged geese 

were more prone 10 be in a hunling area when lIsing agrieultural (40.6 ± 8.8%) than natura) 

habitats (26.6 ± 6.3%, /23 = 2.18; P = 0.020). 

Geese that had attended a brood during the rearing pcriod and that were most likcly still 

aeeompanied by juveniles after the post-breeding dispersal did not use habitats randomly 

during the hunting season (n = 12; Wilk's À = 0.053; randomized P < 0.001). They 

preferentially used no hunting areas in natural and urban habitats (Fig. 4b). Females that had 

abandoned or last their broad also showed preferential use of some habitats during the 

hunting season (n = 12; Wilk's À = 0.116; randomized P < 0.001). Althaugh they greatly 

preferred nu hunting areas in natural and urban habilats, they also used hunted areas in 

natural habitats ta a greater extent that their availability (Fig. 4c). Attending femalcs were 

more often loeated in areas where hunting was prahibited than nun-attcnding ones (82.0± 

7.9% vs. 64.8 ± 9.2%; /23 = 2.54; P = 0.019). 

Discussion 

In this study, wc shawed the Iimited potential raIe of hunting ta manage the resident 

Canada geese established in sauthern Quebee. Dispersal toward a suburban cnvironment 

redueed the risk of mortality of individuals by limiting the effeet of hunting. In our study 

area, hunling pressure was higher around the main breeding site than few km away wherc 

municipal by-Iaws restrieted firearm diseharge. The Varennes islands arc a popular duek 

hllnting area and few banded geese were recovered by hunters From this area despite its 

limited use by gecse during the fall. Nevertheless, the intensity of goose hunting in the whole 

area was limited as shown by our index of hllnter's eneounter. Our results eonfirm the 

contention expressed by the Atlantic Flyway Couneil (l 999) that harvest of Canada geese in 

urban and suburban areas is gencrally limited. 
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Strong behavioral response to hunting disturbanee has been shown in many species of 

waterfowl (Madsen 1998; Madsen 2001; Béehet ct al. 2003; Brcgnballe ct al. 2004). Madsen 

(1998) found that shooting was the most distllrbing hllman activities that affect distribution of 

waterfowl in Denmark. In migrating snow geese (Anser caerulescens a/lan/icus), an 

inereased of backward movements was observcd after the implcmentation of a spring 

conservation hunt in Quebee (Béchet ct al. 2003). This supports the idea that birds have the 

<lbility to assess the risk of being prcyed upon or shot <lnd that they can incorpor<lte this 

information into thcir dceision making (Lima and Dili 1990; BJumstein <lnd Bouskila 1996). 

In this study, however, the shift by resident Can<lda geese from a relatively high to a low 

hunting pressure area oeeurred several weeks before the opening of the hunting season 

indieating no direct effect of hunting. Individuals may thus use prior knowlcdge of pay-offs 

aequired from early experience and tradition (MeNamara ct al. 2006; Valone 2006). 

On the other hand, changes in resouree availability may also influence the distribution 

of birds in fa!L Compared to the high hunting pressure area where corn is harvested later, 

sweet corn in the low hunting pressure area is colleeted in carly fall providing sorne resources 

for geese before the opening of the hunting season. After the migration peak, few movements 

occurred and geese staycd in areas where hunting pressure was low. Movements took place 

toward the high hunting pressure arca at the end of the hunting season, which coineided with 

improved feeding opportunities in stubble and ploughcd corn fields and with the presence of 

fewer hunters. 

Several goose species [eed on crops (Fredcriek and Klaas 1982; Alisaukas 1988; Hill 

and Frederiek 1997) and significanee of this resouree for population dynamics have been 

clcarly established (Shimada 2002; Gauthier ct al. 2005; Tombre ct al. 2005). However, 

individuals in our srudy were more likely to be in contact with hunters when using 

agricultural than natural habitats. Geese were often obscrved feeding in marshes and shallow 

water in natural habitats and this oceurred throughout the day. The deeision of geesc to 

minimize their predation risk (bunters' encounters) might have consequences on individual 

foraging opportunities. 

Herbivory in geese implies a high proportion of time devoted to feeding (Frederiek and 

Klaas J982; Giroux and Bedard 1990; Ely 1992; Gawlik and SJack 1996). Allhough natural 

habitats provide green vegetation that is Jess digestible than spi lied grains (MeDonald 1995), 
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selective pressure may not require a high rate of energy intake by resident geese at this stage 

of their annual cycle. These large birds may be ablc to maintain body rcscrves during a long 

staging period. Moreover, the distance to the wintering grounds in northeastern Unitcd States 

is relatively short (;;::;250-400 km) and eontrary to the prenuptial period, encrgy rcscrves may 

nol need to be maintained at the maximum lcvel during winter (Wilter and Cuthill 1993). 

Undisturbed fecding sites providing abundant food ean also be found in urban habitais 

(Conover and Kania 1991). Although nuisance prob1cms in southern QlIebee arc currently 

limited (l Rodrigue, unpubl. data), the prcfcrential use of this habitat may gencrate increascd 

conniets with human interests eonsidering that the eurrent limited effeet of hunting is not 

Jikely 10 restrain further inerease of the populalion sizc. Morcovcr, considering that hatching 

ycar birds arc more vulncrable (Chapman et al. 1969; Gricb 1970), the use of arcas less 

accessible to hunters by females accompanied by juveniles may reduce hunting Sllccess, 

improve juvenile survival, and ultimatcly inerease reeruitment. 

Management plans should be developed to reduee potential human-goose conniets 

while preserving optimal value of this resouree. Il has been demonstrated that sport harvesl 

ean somelimes be e[[jeient in eonlrolling populations when specifie regulations arc 

establishcd al a rcgional seale (Bregnballe et al. 2004). We have shown that residenee time of 

resident Canada geese during the hunting period was long and cxtcnùed lIntil late fall, whieh 

should provide opportunities for some harves!. However, urban sprawl has affected hllnting 

aetivilies in suburbs, which eurrently limits the use o[ hunting as a managcment mcasure. 

Innovativc regulations should be implemented to liberalize fircarm dischargc in weil 

de1imitcd areas and ùuring restricted periods lo increase the oppol1unities of harvesting 

residcnt Canada gccsc. As an examplc, high harvest rate was favored in Massachusetts during 

spccial hunting seasons in traditional sites as well as in atypieal sites such as golf courscs 

(Hellsmann 1999). Waterfowlers' participation to the special early season for Canada geese 

in southcrn Quebce is eurrently unknown and their contribution 10 the harvest of resident 

birds necds to be estimated. 

Conversely, we showed Ihat migrant Canada geese were often mixed with resident 

birds when staging in southcrn Quebec. Precaution mus! th us be taken to protec! less 

abundant or more vulnerable populations when drafting management plans (Hindman and 

f'errigno 1990; Atlantic Flyway Couneil 1999). Difference in hunting vulnerability bctween 
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migrant and resident geese is likely to vary with rcgions, time of ycar, and the period that 

gccse rcmained in the area (Leafloor ct al. 1996; Lindberg and Malecki 1994; Schultz et al. 

1988). Wc do not know whether migrant Canada gcesc and resident gccsc returning [rom 

their molt migration use the same habitats than the local resident geese traeked in this study. 

Resident geese that brecd or molt in southern Quebee rcaehed the low hunting pressure area 

before the arrivai of northern populations and this may affect site selection by latc arriving 

birds. While breeders from Ungava peninsula leave their summer sites in late September 

(Maleeki ct al. 2001), migration ehronology of northern molling resident geesc is unknown. 

The LIse of morphologieal and isotope analyses to establish the proportion of differcnt 

populations in the harvest eould help to refine management plans (Beaumont 2006). In 

addition, alternative control strategies that eonsider the behavioral eeology of the speeies 

must be developed and evaluated in relation with their effeets on population dynamies. 
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Table 1. Hatching, molting, and migration chronology of radio-collared resident Canada 
geese marked near Montreal, Quebee, 2004. 

Event n Median date Range 

Hatehing 23 20 May IIMay-12June 

Post-molting dispersal 21 16 August 7 August - II September 

Migration departure 23 3 Deeember 9 Octobcr - 19 Dceember 
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Table 2. Model selection of regional movcments of residcnt Canada gecse near Montreal, 
Quebec, 2004. tlAICc, AIC,CD, and number of parametcrs (k) of the rnulli-state modcls are 
prcsented. 

Model k AIC,CD 

q>z'lh PI'C \JIzh'l 54 o 0.56 
<Dzh'lh PI'C \JIZ},'I 52 0.49 0.44 

Model notation: q> = apparent survival; p = deteetion probability; IV = movemcnt probability; 
z = zonc (East, Central, West); t = time; c = collar type; h refers to modcJs whcre q> or IV is 
time or spatial dependant in relation to hunting (Sce results). 
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Fig. 3. Estimates (±l SE) of movement probability (IV) of neck-collared Canada gcese near 
Montreal, Quebee during 8 3-weeks period in 2004 along a) a decrcasing and b) inercasing 
hunting pressure gradient. Estimates are derived from the best modcl seleetcd with AIC. Sec 
the Methods section for description of the periods. 
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Fig. 4. Habitat use of radio-eollared residcnt Canada geese during the hunting season near 
Montreal, Quebcc, 2004 (a = ail radio-eollared, n = 24; b = attending female, n=t2; e = non­
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CONCLUSION GÉNÉRALE 

Afin de raffiner la gestion de la bernache du Canada dans la voie migratoire de 

J'Atlantique, nous avons produit une méthode d'identification de populations en utilisant la 

morphométric ainsi que les isotopes stables. Dans un premier temps, il est possible 

d'identifier la population source de bcrnaehes capturées sur les sites estivaux. Puisque les 

statuts sont établis à partir de ccs populations, il est essentiel de bicn caractériser les oiscaux 

lors des opérations de baguage. Dans un deuxième temps, il sera possible d'estimer la 

contribution spatio-temporclle de chacune dcs populations à la récolte automnale. 

Ultimement, les modalités de chasse pourront être optimalisées afin d'atteindre les objectifs 

fixés par les gestionnaires. 

Nous avons également documenté la distribution post-reproduction de bernaches qUI 

nichent dans le sud du Québec. L'ensemble des individus qui nichent sur les îles de Varennes 

utilisent une zone refuge afin de sc soustraire aux activités de chasse. Nous avons ainsi 

montré le rôle potentiel limité des activités cynégétiques afin de contrôler la croissance de 

celle population. Nous avons également quantifié l'utilisation des habitats utilisés par !es 

individus ct ce, en relation avec la chasse. Afin de limiter les problèmes vécus dans d'autres 

régions de la voie migratoire, nous suggérons que la chasse demcure un outil privilégié mais 

quc des stratégies alternatives soient adoptées. 

Gestion de la bernache du Canada dans la voie migratoire de l'Atlantique 

Au cours des années 1990, la gestion de la bernache du Canada a subi des modifications 

importantes. Puisqu'il subsiste une hétérogénéité dc populations sur les sites d'hivcmage, les 

inventaires sont maintenant effectués sur les sites de nidification afin d'établir le statut de ces 

populations avec davantage de précision (Hindman et al. 2003). Nos travaux ont par contre 

mis en évidence la présencc de migrateurs de muc de la sous-espèce résidente (B. c. maxima) 

sur les sites de nidification de la sous-espèce migratrice (B. c. interior). En comparant la 

morphométrie de différents échantillons d'oiseaux capturés dans la péninsule d'Ungava 

(référant à la sOLis-espèce migratrice), nous avons pu révéler une contamination de ces 

échantillons par la présence de bernaches résidentes en mue. Chez la bernache du Canada, le 

phénomène de migration de mue J'individus non-nicheurs est traditionnellement observé à 
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travers l'Amérique du Nord (Abraham et al. 1999; Davis 1985; Hanson 1965; Krohn 1979; 

Kuyt 1962; Lawrence 1998; Salomonsen 1968; Sterling 1967; Tacha 1991; Zicus 198Ja, 

198Ib). Cependant, dans la péninsule d'Ungava, l'ampleur actuelle de ce phénomène n'a pas 

été étudiée. Étant donné que dans le sud de la voie migratoire, les conflits causés par la 

surabondance des bernaches résidentes engendrent une intensification des programmes de 

destruction des nids, le phénomène de migration de mue deviendra de plus en plus important. 

En plus de complexifier l'aménagement des populations subarctiques, l'augmentation de la 

présence de migrateurs de mue dans la péninsule d'Ungava peut résul\er en un accroissement 

du niveau de compétition entre ces populations sympatriques (Abraham et al. 1999). 

Advenant une modification des taux de survie ou de recrutement découlant de cc contexte 

écologique particulier, la méthocle de caractérisation des populations que nous avons 

développée améliorera l'estimation des différents paramètres démographiques. 

Lors de la migration d'automne, les chasseurs du sud du Québec récoltent à la fois des 

bernaches migratrices en provenance de la péninsule d'Ungava ct clcs bernaches résidentes 

qui ont niché dans la région ou qui ont mué plus au nord. Bien que ces différentes 

populations possèdent des statuts distincts, leurs taux cie récolte par la chasse demeurent 

inconnus. Il sera maintenant possible de mieux estimer ces paramètres en utilisant les 

modèles que nous avons produits. Avec une enquête aléatoire et représentative de l'ensemble 

cie la province, une analyse de la récolte serait réalisable de façon spatiale en considérant les 

districts de chasse comme unité d'échantillonnage. Dans la voie migratoire du Pacifique, 

certains états ont répmti des stations d'échantillonnage sur l'ensemble de leur territoire afin 

de recueillir des données morphométrique sur les oiseaux récoltés par les chasseurs 

(Subcommittee on Pacifie population of western Canada gcesc 2000). Se/on les patrons 

observés et les statuts des populations, les gestionnaires peuvent, de ce fait, mieux gérer la 

récolte à J'échelle régionale. 

Nous avons montré que l'emploi de la morphométric est sujet à divers biais; erreur de 

mesure et identification du sexe erronée. Pour ce qui est des ratios isotopiques, nous avons 

observé une hétérogénéité des valeurs moyennes pour différents sites d'échantillonnage 

situés à des latitudes semblables (voir Appendice 1). Bien qu'il subsiste des variations dans 

les signatures isotopiques des plumes de bernaches dans la voie migratoire, les modèles ont 

été élaborés à l'aide d'échantillons représentatifs des régions où l'on retrouvait les plus fortes 
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densités d'individus. Néanmoins, afin d'améliorer le contrôle des taux de récolte ainsi que 

son influence sur la dynamique des populations, des politiques de gestion adaptatives 

permettraient de développer des modèles considérant l'effet des variations de 

l'environnement (Johnson 1999). 

Stratégie pour le sud du Québec 

Nos résultats montrent que les bernaches résidentes des îles de Varennes séjournent 

longtemps dans la région durant la chasse mais qu'elles sont concentrées dans les zones où la 

décharge d'armes à feu est interdite. L'évitement des zones de chasse par les individus est un 

eompoliement d'anti-prédation qui réduit les taux de mortalité et influence ainsi la 

dynamique de la population. L'étude du comportement des individus et des populations met 

clone en évidence l'importance des variables qui inf1uencent les paramètres démographiques. 

Sutherland (1996) suggère de lier le comportement animal à la dynamique des 

populations en développant des modèles basés sur la distribution idéale libre (Fretwell 1970). 

Il s'agit de mettre en relation le comportement des individus et les effets de densité­

dépendance dans le but de les associer à la démographie; les réponses observées pouvant 

également être combinées à dcs caractères écologiques, physiologiques ou génétiques. Afin 

de comprendre comment certaines variables affccteni les paramètres démographiques, il est 

nécessaire de quantifier en terme de coûts ct bénéfices les décisions prises par des individus 

identifiables (Lomnicki 1980, 1988). Dans le sud du Québec, de plus en plus de bernaches 

sont marquées permellant ainsi un examen plus approfondi dcs variations comportementales 

entre les individus. Pour contrôler la croissance de cette population en augmentant les taux de 

mortalité, l'emploi de la modélisation en lien avec les activités cynégétiques s'avèrerait un 

outil novateur. 

Subséquemment, une gestion intermittente et spatio-temporelle des activités de chasse 

pourrait être établie (refuge design; Bregnballe et al. 2004). Des modifications aux modalités 

de chasse pourraient être apportées dans le but d'influencer les patrons de mouvement des 

oiseaux et de favoriser le succès des chasseurs. Bien qu'une gcstion encadrée de la chasse à 

l'échelle de la région métropolitaine dc Montréal pourrait être envisagée, il serait complexe 

de permettre cette activité dans des endroits où elle n'est pas traditionnellement pratiquée ou 

dans dcs quartiers où elle a récemment été bannie; la chasse en mil ieu péri urbain demcurant 
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une source de conflit fonctionnel ct social (Fédération québécoise de la l~lune 2001). Des 

stratégies alternatives devront donc être adoptées ct il est nécessaire de sensibiliser la 

communauté à la problématique de l'expansion de la bernache résidente. Pour cc faire, nous 

devons expliquer Je phénomène ainsi que les confl its engendrés ct les moyens dont nous 

disposons afin de réduire le risque que cette population devienne surabondante 

(Environnement Canada 200Ga, 200Gb). Et, au-delà des implications purement économiques, 

la communauté devrait être sensibilisée à la valeur philosophique ct globale de la présence de 

cette faune afin de conserver son respect et son admiration. 



APPENDICE l 

SIGNATURES ISOTOPIQUES DES PLUMES PRIMAIRES RÉCOLTÉES SUR DES 

BERNACHES DU CANADA EN MUE 

Dans le chapitre 1, nous avons présenté les signature isotopiques de 8c primaires 

échantillonnées lors des opérations de baguage à Varennes ainsi que sur la côte Ouest ct Est 

de la péninsule d'Ungava. Des échantillons additionnels ont également été récoltés à l'usine 

Dow Chemical (Québec, 45°43' N, 73°24' W) ct à la Baie James (Québec, 52° 11' N, 76°30' 

W). Ces échantillons ont été analysés conformément à la méthodologie décrite dans le 

chapitre 1 (voir p II). Nos résultats montrent que les ratios isotopiques contenus dans les 

plumes des bernaches qui ont mué à la Dow Chemical ct à la Baie James sc distinguent de 

ceux des bernaches dcVarennes ou de la péninsule d'Ungava. 

Nous avons relevé une déplétion du 13C pour les bernaches migratrices capturées à la 

Baie-James sur le réservoir hydroélectrique Opinaca (Fig. 1). Montgomery ct al. (2000) ont 

rapporté une différence entre les valeurs de 013C trouvées dans le zooplancton des réservoirs 

par rapport à celui des lacs. Suite à l'augmentation des niveaux d'eau dans les réservoirs, il y 

a une augmentation de la matière en suspension et, conséquemment, un accroissement de la 

respiration microbienne (Kelly et al. 1997). Lors de la séquestration du carbone, les 

organismes autotrophes ont une préférence pour le IZC, ct le ratio isotopique de leurs tissus 

est plus faible que celui du COz ambiant (Martinc]]i et al. 1991). La respiration étant, pour sa 

part, accompagnée d'un faible fractionnement isotopique, le COz biogénique relâché est donc 

moins concentré en 13C contribuant ainsi à la déplétion de cet isotope dans le milieu. 

Dans le sud du Québec, des bernaches résidentes échantillonnées sur le terrain de l'usine 

Dow Chemical possédaient des signatures isotopiques distinctes de ce qui a été trouvé pour 

les bernaches de Varennes (Fig. 1). Les oiseaux utilisent des bassins recueillant l' cau issue 

des tours de refroidissement de l'usine pétrochimique (Raymond Paquin, comm. Pers., Dow 

Chemical). Lors de l'évaporation des molécules d'eau, les sels demeurent dans la tour ct sont 

évacués par « Blowdown » ce qui rehausse les concentrations de sel dans les bassins ct altère 

la biochimie de l'environnement (Almeida et al. 1989). 
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Fig. 1. Valeurs moyennes (±SE) de 8'sN ct 8JJC retrouvées dans les plumes primaires de 
bernaches du Canada échantillonnées sur les sites d'été de différentes populations en 2003 ct 
2004. Les cercles représentent les bernaches résidentes et les triangles, les bernaches 
migratrices. Les symboles pleins indiquent les adultes alors que les symboles avec une croix 
indiquent les juvéniles. Les tailles d'échantillon sont présentées entre parenthèse pour chaque 
site en ventilant les nombres d'adultes ct juvéniles, respectivement. 
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