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RESUME

Les systemes écologiques se modifient sous l'influence des activités anthropiques. Alors
que ccrtaines espéccs sauvages sont défavorisées par ces modifications, d'autres en tirent
avantage et s'adaptent avec succes. Au cours des dernicres décennies, dc nombreuscs
populations d'oies ont vu leurs cffectifs augmenter de fagon cxponenticlle suitc, entre autre, a
dcs changements dans l'utilisation du territoirc agricole. La bernache du Canada résidente
(Branta canadensis maxima) s'est particuliércment bien adaptée aux habitats anthropiques
aprés sa réintroduction dans le nord-cst des Etats-Unis. Considérant les conflits causés par la
surabondance de cetle sous-espéce de bernachc dans plusicurs états ct provinces, son
cxpansion préoccupe les gestionnaires d'ici.  Les activitds cynégétiques  étant
traditionnellement utilisées dans la gestion des populations de sauvagine, I'implication de la
chassc sur la population nichcuse nouvellement établic dans le sud du Québee est e sujet
principal dc cc mémoire. Le premier chapitrc a pour objectif le développement d'un outil de
caractérisation des populations préscntes dans la voie migratoire de I'Atlantique afin d'estimer
de fagon plus précise leurs paramétres démographiques. Deux sous-espéces sont
principalement représentées (B. c¢. interior ct B. ¢. maxima), lesquelles sont distinctes
morphologiquement. De plus, les populations cstivent et muent sous différentes latitudes. En
utilisant la morphométrie et les signatures isotopiques des plumcs primaircs (5"°C, §"°N), il
est possible d'établir la population source des individus. Des mod¢les ont d'abord été
développés afin de caractériscr les oiscaux lors des opdrations dec baguage permcttant ainsi
unc meilleure estimation des taux de survic de ces populations. Nos résultats pcrmettent
également dec classifier les oiseaux récoltés durant la chasse d'automne. Alors qu'il subsiste
unc hétérogénéité de populations pendant la migration automnale, l'cstimation de la
contribution de chacune d'elles dans la récolte améliorcra I’cstimation des taux de mortalit¢
duc a la chasse. Le deuxiéme chapitre vise a décrire la dispersion des bernaches a l'automne
afin d’évaluer le role potenticl dec Ja chassc comme outil de contréle de la croissance de la
population de bernaches résidentes qui nichent dans la région péri-urbainc dc Montréal. En
utilisant des méthodes de capture-marquage-recapture, nous avons documenté leur
distribution post-reproduction ¢t démontré que les individus se déplacent dans des scctcurs ol
la décharge d'arme a feu est interdite et cela avant méme 'ouverture de la saison de chasse.
Les individus quittent les sites dc reproduction et d'élevage situés dans la région de Varennes
et de Repentigny, et sc réfugient a Laval ¢t Terrebonne. Nos résultats montrent qu'aprés la
dispersion, les milieux naturcls demcurent 'habitat principalement utilis¢ par les bernaches ct
quc ces dernieres résident sur ¢ territoire jusque tard en automne. La gestion actuelle du
territoire limite considérablement P'utilisation dc la chasse sportive traditionnclle comme
moyen de contrdle de la population résidente du sud du Québec. Des stratégics altcrnatives
tclles que la chasse contr6lée limitée dans le temps et I’espace devront étre considérées. Par
contre, P'implantation dc tclles mesures nécessitcront une scnsibilisation du public 4 la
problématique et I'établissement de politiques visant & optimaliser la valeur globale de cette
espéce faunique.

Mots clés: Aménagement de la faune, bernache du Canada, Branta canadensis, chasse,
isotopcs stables, morphométrie, péri-urbain, refuge, voie migratoire de I'Atlantique



INTRODUCTION GENERALE

L’cxpansion de la population humaine change les habitats, alterc lcs fonctions
¢cologiques et réduit la biodiversité. Néanmoins, 1’¢talement urbain favorise dc nombreuscs
espcces animales qui survivent et se reproduisent dans ces cnvironnements cn tirant avantage
de la disponibilité des ressources qu’on y retrouve (Ankney 1996; Boal ct Mannan 1998;
Conover et Conover 2003; DeStefano et DeGraaf 2003; Marzluff et al. 2001; Ticer 1998).
Sclon la répartition ct la taille qu’ont ces populations, elles peuvent profondément affceter
I’intégrité des écosystémes (Jano e al. 1998; Tafangenyasha 2001) en plus d’imposer des
couts substantiels aux sociétés humaines (Filion 1998; Patterson 1991; Wagner et al. 1997,
Yodzis 2001). Conover (1997) estime que le coiit annuel des dommages causés par la faune
dans les 100 plus grandes villes américaines atteint pres de 4 milliards de dollars. D’un autre
coté, nos sociétés retirent des bénéfices associés a la préscnce de la faunc. Par excmple, les
ornithologucs et les chassecurs contribuent au dévcloppement dconomique ct  plus
particulierement autour des régions urbanisées (Atlantic Flyway Council 1999; Service
canadien de la faune 2005).

La présence d’une espcce faunique n’a pas que des conséquences socio-économiques ou
récréatives. Citons, cntre autres, la valeur écologique qui cst le bénéfice que ’espcee apporte
au fonctionnement de I’¢cosysteme en intcragissant avec les autres organismes et
I’environnement physique. 11y a aussi la valeur scientifigue représentant le réle de ’espéce
sur I’avancement du savoir humain incluant la création ct la dissémination de la connaissance
ct, aussi, la valeur historique, c’est a dire le rble qu’a joué I’espece autrefois. Les implications
découlant de la présencc d’une espéce indigene en danger ne sont pas les mémes que pour
une espéce surabondante cn expansion. Face a la complexité des implications dc la faunc sur
nos sociétés contemporaines, le défi en aménagement des populations animales cst d’¢laborer
des stratégies de gestion visant a optimaliser la valeur de la faune (Decker ef af. 1987; Gilbert
et Dodds 2001).

La gestion des populations sc définit comme ¢étant la conservation, I’exploitation ct lc
contrble des populations animales ou végétales (Shea 1998). Les ressources naturclles ont été
exploitées de fagon variable au cours de I'histoire, allant d’une exploitation chasscur-

cucilleur a unc exploitation intensive des ressources a haute valeur commerciale. L’homme a
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donc fait subir différcntes modifications aux milicux naturcls telles quc les cxtinctions ou
introductions d’cspcces (Donald et Grecnwood 2001; Manchester ct Bullock 2000) mais
aussi I’explosion démographique de certaines populations sauvages (Frederiksen et al. 2001;
Gauthier ef al. 2005; Wagner ef al. 1997). Chez ces dernicres, la transformation du territoire
pcrmet aux individus d’adapter lcur utilisation de 1’habitat. Ils sont alors cn meilleurc
condition physique, ce qui fait augmenter leur taux de reproduction et de survic. Devant les
probl¢mces cngendrés par la surabondance et I’expanston d’une population, plusicurs mesurcs
de contrdle peuvent étre envisagées, allant de la prévention a l'abattage massif (Ankney
1996; Boyd et Canadian Wildlife Servicc. 2000; Leader-Williams ef al. 2001; McComb et al.
2001).

Réle de la chasse en gestion des populations

La chasse sportive est un exemple dec solution traditionncllement utiliséc par lcs
gestionnaires pour contrdler les populations en expansion. Bien quc contestéc par lcs
organismes humanitaires, elle est socialement acceptéc ¢t générc des bénéfices socio-
¢conomiques. De plus, Ic contréle par la chassc pecrmet de récolter unc certaine proportion
d’individus adultes ct est donc particulicrement cfficace pour modificr la dynamique de
population d’espéces opportunistes qui vivent longiemps (Mcnu ef al. 2002; Schultz ef al.
1988).

En contre partic, les activités cynégéliques sont de plus en plus réglementées afin d’éviter
la surexploitation de certaines espéces (Anonyme 1979, 1994) mais ccla contribuc d’autant
plus a la croissance de plusicurs populations sauvages (Ankney 1996, Madsen 1991).
Toutcfois, des cxemples démontrent qu’en modifiant {es modalités de chasse, il cst possible
d’atteindre les objectifs qui visent @ minimiser lcs problémes engendrés par ces populations
surabondantes. Citons I’amendement a fa Convention sur les oiscaux migratcurs permcttant la
chassc dc printemps de la grande oie des nciges (Chen caerulescens; Canadian Wildlifc
Service 2001) et qui a considérablement affecté la dynamique de ces populations. En fait, Ies
taux de reproduction ont diminué étant donné que les adultcs 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 hatives et tardives de

chasse a la bernache du Canada (Branta canadensis) instaurées dans lc nord-est des Etats-
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Unis et qui sont cn partie responsables de la stabilisation de la population dc bernaches
résidentcs (Atlantic Flyway Council 1999; Heusmann 1999). Etant donné lcs patrons de
migration qui diff¢rent entre les bermaches migratrices et résidentes (B. ¢. interior, B.c.
maxima; Malecki ef al. 2001), les saisons spéciales de chassc ont permis de réeolter unc plus
grandc proportion dc bernaches résidentes sans toutcfois affecter Ic statut de la sous-cspece
migratrice moins abondantc (Hindman ef a/. 2003).

Afin de comprendre comment la chassc sportive influcnce la dynamique des populations,
il est primordial d’intégrer 1’¢cologic comportementale a ce type de gestion de la faunc
(Sutherland 1996; 1998). La répartition et I’abondance decs animaux sont influcncées par la
compdlition pour lcs ressources (Sutherland 1983) ainsi que par le dérangement (Béchet ef al.
2004; Hill et Frederick 1997) et le risque de prédation (Houston 1993; Lima ct Dill 1990). A
ce titre, la chasse jouc donc un rdle prédominant dans 'utilisation de I’habitat par les
animaux. 1l a souvent été démontré que les animaux évitent les zones dérangées (Bélanger
1989; Bélanger ¢t Bédard 1990; Riddington et al. 1996; Sutherland ct Crockford 1993; Tuitc
1984). Or, les milieux urbains sont des zoncs a haut niveau de dérangecment mais ou la
pression de chasse y est peu élevée. Les animaux peuvent donc y retrouver un compromis
adaptatif entre le risquc de prédation et le taux dc dérangement. Ceci rchausse I’importance
d’étudier 1’écologie comportementale pour micux comprendre comment la gestion par la
chasse affccte la dynamique des populations, cet aspect ¢tant particuliérement pertinent dans

les régions fagonnces par I’étalement urbain.

Systeme a l'étude

La bernache du Canada (Branta canadensis) est unc cspécc trés diversifiée ct
cosmopolite avec de nombreuscs populations dans chacunc des quatre voies migratoires de
I’Amérique du Nord (Bellrose 1980). Dans la voic migratoire dc I’Atlantiquc, dcux sous-
espéccs sont principalement représentées ct, bien qu’clles partagent les mémes aires
d’hivernage, elics ont des sites de nidification distincts. On retrouve d’abord la sous-espece
migratrice (B. ¢. interior) dont les plus grandes densités d’individus nicheurs sc situent dans
la péninsule d’Ungava (Malecki ct Trost 1990). Cette sous-cspécc est traditionnellement

observée sous nos latitudes lors des migrations du printemps et de I’automne.
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La sous-espcce résidente (B. ¢. maxima) est pour sa parl définie comme &tant constituée
par les bernaches nichant au sud du 48° parallele ct & ’est du 80° méridicn (Atlantic Flyway
Council 1999). Cette sous-espéce se distingue de la sous-espece migratricc par sa
morphologie et son comportcment (Hanson 1965). Les bernaches résidentes sont issucs dc
programmes de rclocalisation instaurés dans les années 1960. Les taux de survic ct de
recrutement de cettc population sont favorisés par le fait quc les individus utilisent
fréquemment des environnements urbains ol la chasse cst restreinte. De plus, clle réside sous
des latitudes méridionales ou la production primaire est ¢levée, ce qui permet un meilleur
succeés de nidification, un dévcloppement accéléré ainsi qu’une maturation sexuclle hative
(Bellrosc 1980; Hanson 1965; Nelson et Octting 1998).

Devant la diversité qui existe chez la bernache du Canada, lcs gestionnaires font face au
défi d’estimer correctcment les parametres démographiques de chacune des populations
(Hindman ef al. 2003). Avant les années 1990, le statut des populations de bernaches dans la
voie migratoire de ’Atlantique était évalué a I’aide d’inventaires cffectués sur les aircs
d’hivernage. Cette méthode a conduit & unc estimation biaisée dec I’augmentation du nombre
de bernaches résidentes étant donné que les deux sous-cspéces hivernent en sympatrie. Des
taux de récolte élevés ont réduit le taux de survie de la population des bernaches migratrices
(Hestbeck 1995). De plus, un faible taux de recrutement (saisons de reproduction difficiles cn
1994 et 1995; Harvey et Bourget 1997), a accentué le déclin de la sous-espéce migratrice
(Hindman ef al. 1996). La fermeturc de la saison réguliére de chasse fut imposée cn 1995
pour permettre & la sous-cspéce migratrice de regagner un statut moins vulnérable.

Depuis la réouverture de la chassc en 1999, les politiques visent & réduire le nombre de
bernaches résidentes tout en maintenant le statut de la sous-cspéce migratrice stable. Les
inventaircs sont maintenant effectués durant le période de nidification ce qui permet unc
meilleure connaissance du statut de la sous-espéce migratrice. De plus, des saisons spéciales
dec chasse permettent de récolter une plus grande proportion de bernaches résidentes sans
toutcfois affecter la population migratrice. D’autre part, la migration de mue des bernaches
résidentes est un phénomenc d’importance qui vient compliquer Iestimation des différents
paramétres démographiques. Des bernaches résidentes sous-adultes ou ayant échoudes leur
nidification migrent avant la mue pour rejoindre des habitats de la forét borcale ct du

Nouveau-Québec (Abraham ef al. 1999; Salomonscn 1968). Lors de la migration automnale,



5

trois populations sont donc préscntes sous nos latitudes; les bernaches résidentes qui ont
nichées dans Ja région, lcs bernaches migratriccs qui ont nichées dans Ic nord du Québcec ct
les bernaches résidentes qui ont muces dans le nord du Québec. Ainsi, la récolte de chasse cst
hétérogene cc qui rend problématique I’estimation des taux de réeoltc de chacunc dces
populations.

Dans la voic migratoire de I’Atlantique, la population totale dc bernaches résidentes cst
cstimée a plus de | million d’individus dont une proportion importantc effcctuc unc
migration de mue dans le nord du Québce (Atlantic Flyway Council 1999; Comité sur la
sauvaginc du scrvice canadien de la faune 2004). Actucllement, les objectifs du plan
d’aménagement adopté par I’ Atlantic Flyway Council (1999) visent a réduire I'effectif a 650
000 individus cn récoltant environ 400 000 bernaches résidentes annucllement (Hindman ef
al. 2003). Cependant, ces objectifs sont difficiles & atteindre ¢étant donné lec nombre
décroissant de chasseurs (Hcusmann 1999). Afin d’¢laborer des stratégics adéquates dc
conlrdle, davantage d’études sur la dynamique de population de la bernache résidente sont
néeessaires notamment dans {cs régions ou celle-ci prend de I’cxpansion.

Dans le sud du Québcec, les premiers individus nicheurs de la sous-espece résidente ont
¢té recensés au début des anndes 1990 sur les Tles de Varennes (Québec, 45°40° N, 73°27
W). Plus de 3000 individus ont été dénombrés dans le sud-ouest du Québec lors de rclevés
aériens cffectués a I’¢té 2003 (J. Rodrigue, SCF, comm. pers.). Le taux de croissance éleve de
cctle nouvelle population (A=1,41; Giroux ef al. 2001) semble démontrer que I’habitat dec
reproduction n’cst pas limitant. Afin de prévenir les conflits vécus cn Ontario ct dans de
nombreux ¢tats américains (problémes de santé publique liés a la concentration de ficente,
nuisance sur les terrains de golf et les parcs, déprédation des culturcs et danger sur les sitcs
aéroportuaires), des mesures spéciales devront étre adoptées par les gestionnaires du Québec.
Afin d’orienter des stratégies de gestion de fagon adéquates, il cst nécessaire de mieux
connaitre Ic comportement des bermaches établics dans le sud du Québec et ce, en rclation

avec les différents parameétres 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 I’ Atlantique. Puisqu’il existe un dimorphisme de taille
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entre fcs bernaches résidentes ¢t migratrices, la morphométric devrait permcttre de classifier
les individus selon lcur sous-espéce. De plus, étant donné que les différentes populations
muent dans des habitats distincts, les ratios isotopiques de carbone ct d’azote contenus dans
les plumes primaires dcvraient varier cntre ccs populations.

Lc deuxi¢me objectif vise a évaluer le réle potenticl de la chasse sportive pour contrdler
la croissance de la population de bernaches résidentes ¢tablie dans le sud du Québcece. La
répartition des individus qui nichent dans la région péri-urbainc de Montréal devrait étre
influencée par le gradient de pression de chasse qu’on y retrouve. De plus, 'utilisation de

’habitat durant la chasse devrait étre influcncée par le risque de prélévement.



CHAPITRE 1 : IDENTIFICATION DE POPULATIONS DE BERNACHES DU CANADA
A L’AIDE DE MESURES MORPHOMETRIQUES ET D’ISOTOPES STABLES

Ce chapitre sera soumis pour publication sous le titre suivant :
Identifying populations of Canada geese using morphometric mcasurements and stable

isotopes.

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

and Ted Nichols
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Abstract: Population status of Canada geese (Branta canadensis) in the Atlantic Flyway has
cvolved through time and managers nced demographic information and harvest assessment
for each population. We used a combination of morphometric mecasurcments and isotopic
signaturcs of feathers (8'°N, 8"°C) to assign individual Canada gcese according to their
subspecies and molting sites. We first compared different sub-samples of birds caught in the
same area to dctermine those that were the most representative by providing the best
discriminant functions. We distinguished >89% of after hatching ycar (AHY) B. c. interior
and B. ¢. maxima using skull measurements alone. B. ¢. interior from the west and cast coasts
of Ungava peninsula were also well associated to their respective breeding area (>84% with 2
or 3 morphological variables). The "N isotope was morc useful than “C to discriminatc
geese from different molting arcas. For AHY individuals, §'°N of feathers was greater for B.
¢. maxima that bred and molted in southern Quebec (>8.3%o) than for thosc that molted on
the west coast of the Ungava peninsula. For hatching year (HY) individuals, §"°N of feathers
was greater for B. ¢. maxima (>7.6%0) than for B. ¢. interior. Our study provides an
economical and rcliable tool for identifying subspecics and populations of Canada gecse
during large-scale banding operations and harvest surveys.

Key words: Atlantic Flyway, Branta canadensis interior, Branta canadensis maxima, Canada
goosc, discriminant function, molt migration, morphometric, popuiations, Quebec, stablc

isotopes



Introduction

In the Atlantic Flyway, Canada goose populations mix on wintering areas in north-
eastcrn United States but have distinct breeding ranges. The migratory Canada gcese (Branta
canadensis inferior) nest throughout thc Nunavik (northern Quebcc) with concentrations
along the East and West coasts of Ungava peninsula (Malecki and Trost 1990). The
temperate goosc population (B. c. maxima) is defined by its breeding range south of the 48°
N latitude and cast of 80° W longitude (Atlantic Flyway Council 1999). However, a portion
of B. ¢. maxima sub adults and failed breeders migrate to northern latitudes up to the B. c.
interior brecding range to molt (Hanson 1965; Abraham ct al. 1999). In addition, local
breeding populations of B. ¢. maxima are becoming established in southern Quebcec and arc
harvested in fall along with the returning moult migrant 5. ¢. maxima and the migratory B. c.
interior (Giroux et al. 2001),

Beforc the 1990s, the status of the Atlantic Flyway population of Canada gcesc was
assesscd by surveys conducted throughout the wintering area (Hindman and Ferrigno 1990;
Atlantic Flyway Council 1999). These asscssments werc biased by the incrcase and
expansion of 5. ¢. maxima geese. Concomitantly, poor breeding conditions and high harvest
ratcs caused the decline of the migratory Canada goose population (B. ¢. interior) leading to
closurc of sport hunting in 1995 (Hindman et al. 1996). Following the incrcase in the number
of B. ¢. interior breeding pairs, restrictions have now been lifted but managers need tools to
accurately estimatc demographic paramcters of cach population.

Increases in population size have brought new hunting measurcs aimed at controlling
overabundant resident geese while preventing over harvest of the less abundant migratory
subspecics (Atlantic Flyway Council 1999). To achieve this goal, it is cssential to precisely
characterize the geese banded on summer range because harvest and survival rates are
assessed from these marked populations. Furthermore, estimation of the. contribution of each
population in the harvest according to regional units and through timc during the hunting
period 1s required to adapt regulations aimed at achieving management objectives.

Biologists havc collected measurements of Atlantic Flyway Canada geese during banding
opcrations for a long time. The morphological diffcrences among subspecies or stocks of
Canada gecse have often been exploited to refine management capabilitics (Moser and Rolley

1990; Mercndino et al. 1994). More recently, stable isotope analyses of feathers and
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molecular techniques have been suggested for identifying subpopulations of watcrfowl
{Caccamise et al. 2000; Hobson et al. 2000, Pearce ct al. 2000; Hebert and Wassenaar 2001
Scribner et al. 2003). While accurate genetic characterization is difficult when populations
are panmictic (Cronin ef al. 1996), environmental variations in 1sotopic signaturcs might be
used to tracc molting origin of bird. Stable isotope ratios in the tissucs of an animal depend
on its dict and its habitat use (Deniro and Epstein 1981). Keratin tissucs, like fcathers, are
inert after formation and their isotopic signaturc can 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 wanted to
develop a technique that combined both morphometric measurcments and stable isotope
analyses of primary feathers. We used a large data set of mcasurements taken on birds
captured in southern and northern Qucbcec along with isotope signaturcs of primary fcathers
collected on molting birds in the same areas. We first detcrmined thc most representative
samples that provide the best discriminant functions that separatc (1) AHY)B. ¢. interior from
B. ¢. maxima and (2) AHY B. ¢. interior from thc West and East coasts of Ungava peninsula,
Because accurate assignment to a subspecics relics on correct sex detcrmination and precise
mcasurements (Rasmussen ct al. 2001), we evaluatcd the extent of measurement and sexing
errors in these large data sets. Finally, using nitrogen and carbon isotope ratios of primary
fcathers, we wanted to separate individuals of B. ¢. maxima brceding in southern Quebec
from those molting in Nunavik and to associatc hatching ycar (HY) geese to their respective

subspccies or hatching grounds.

Methods
Study area

Molting Canada gcese were captured during banding operations in three areas (Fig. 1).
Two areas were located in Nunavik and are characterized by coastal tundra habitats. These
arcas are spread along the West (WU) and East (EU) coasts of Ungava peninsula (58°25° to
60°40" N and 67°10° to 77°50° W). B. c. interior brecds on both coasts (Malecki and Trost
1990; Bordagc and Plante 1993), but molting B. ¢. maxima are found mainly on the WU coast

{Harvey and Rodrigue, 2002). The third area is located east of Montreal in southern Quebec
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(SQ; 45°40° N, 73°27” W) and involves a recently established breeding population of B. c.
maxima (Giroux ct al. 2001). The SQ study arca includes both natural and urban habitats that
arc described in details by Doiron (2000).

Sample collection

Banding operations took placc between 1996 and 2004 in WU and EU and between 1999
and 2004 in SQ. Gecse were driven into corral traps by ground crews assisted by boats or
helicopters. All individuals werc aged (AHY and HY) based on plumage and sexed by
cloacal examination. Skull, culmen and tarsus bone were mcasured by cxpericnced measurers
using vernicr callipers (£ 0.1 mm) on a sample of birds (Dzubin and Cooch 1992). Not all
birds were mcasured and not all morphological structurcs were collected on measured birds.
Primary fcathers in SQ were sampled in 2003 and 2004, whereas those in WU and EU werc
collected only in 2003. We removed approximately 80 mm of the distal end of the posterior

vane on the newly grown eighth primary fcather (scc Caccamise ct al. 2000).

Sample and model selection

Three independent samples werc generated to determinc the best samples that would
minimisc the presence of molting B. ¢. maxima in the WU and EU B. c¢. interior data scts.
The first sample referred to as “known inferior” included birds first banded as 1Y in WU and
EU and recaptured in subscquent years as AHY. Because the samplc size of “known interior”
was relatively small, a second sample was generated by considering catches composcd of at
lcast 75% HY birds. This sample referred to as “family groups” was based on the
obscrvations of Hanson (1965) and Didiuk (1979) that molt migrants B. ¢. maxima generally
avoid flocks of B. c. interior with goslings. Finally, we pooled the rest of the birds measured
during the study to composc the “all birds” sample. ANOVAs were performed to evaluate
whether measurements of each morphological variable differed betwcen the 3 indcpendent
samples for the WU and EU data scts.

According to Giroux et al. (2001), mcasurcments taken on SQ geese could include a few
B. c¢. interior birds, potentially rcducing the accuracy of the models established to
discriminate between B. ¢. maxima and B. ¢. interior. We thus comparcd measurements taken

on geese captured more than once in SQ (“recaptured” sample) assumed to be B. ¢. maxima
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with the rest of the data set (“all birds” sample). In the “known interior” and “rccapturcd”
samples, we discarded data from birds that were sexed differcntly in successive captures (scc
below).

Analyses of variance were performed to compare mcasurcments of B. ¢. interior geesc
betwecn breeding grounds (WU and EU) for each sample. The same was donc to compare B.
¢. maxima and B c¢. interior measurements using thc “recapturcd” and “known inferior”
samples, respectively. Comparisons were made on males and females separately because of
scxual dimorphism (Hanson 1951). Conditions for normality of the distribution and
homoscedasticity were met for all analyscs (Kolmogorov-Smimoff tests; £>0.05).

We performed discriminant function analyscs (DFA) on morphometric mcasurements
(skull, culmen, and tarsus) using different samples to scparatc B. ¢. maxima and B. ¢. interior
AHY. We first compared the “known interior” and the “family groups” samples of WU and
EU with the “recaptured” samplc of SQ. Next, we compared the “all birds” samples for the 3
arcas. The samc was done to separate B. ¢. interior gecse from cach coast of the Ungava
peninsula (WU vs. EU). Because skull is the most commonly taken measurement during
banding operations and becausc it has been considered as the best univariate predictor in
other studies (Moser and Rolley 1990; Merendino et al. 1994), we did not generate
discriminant functions based solcly on culmen or tarsus. The percentages of birds well

discriminated by the various DFA models werc used to evaluate their accuracy.

Measurement and Sexing Errors

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,
arca, and sex. The total variance among mcasurement values includes the variance due to
measurcment error (ME) and the variance associated to size variation of thc morphological
structures (Bailey and Byrnes 1990). Thc percentage of the total variance among
mcasurement values explained by the ME was calculated using the formula presented by
Bailey and Byrnes (1990). % ME = [szwi,hin / (szﬂm(mg + szw,min)] x 100. The rate of error in sex
assignment was established by comparing thc sex attribution for individuals captured morc

than once and this was compared among the 3 arcas with a ¥ test.



Isotope analyses

Feather samples were cleaned of surface oils by floating them during 48 hours in a 2:1
mixture of methanol/chloroform, rinsing twice with methanol and drying for 24 hours under a
hood. Between 0.6 and 0.75 mg of feather matcrial was combusted using a Carlo-Erba auto
analyser (model NA1500 serics 2). The resulting CO, and N; gas from thc samples was
separated chromatographically and introduced in a VG Optima triple collector isotope-ratio
mass-spectrometer via an open split. Stable carbon (C) and nitrogen (*°N) isotope ratios
were expressed in delta (8) notation as the deviation in parts per thousand (%) from thc PDB
(Pec Dec Belemnite) and the AIR (atmospheric nitrogen) standards, respectively, Using
intcrnal laboratory and isotopic primary standards, sample repcatability for §'"°C and §"°N was
cstablished at +0.2%o..

We first compared 8"°C and 8"°N between years, scxes, and ages for SQ B. ¢. maxima as
wcll as between arcas, sexcs, and ages for B. ¢. interior with ANOVAs., Wc also compared
isotope signatures of feathers between scxes of WU AHY B. ¢. maxima, between SQ and WU
of B. ¢. maxima AHY, and between the 2 subspecies of HY gecse using t-tests. DFAs were
performed to first discriminate B. ¢. maxima AHY between SQ and WU and sccondly

between HY birds of each subspecies.

Results
Sample and model selection

We measurcd 6,101 and 3,846 B. c. interior AHY geese in WU and EU, respectively
between 1996 and 2004 and 618 B. ¢. maxima AHY in SQ between 1999 and 2004. Not all
measurcments werce taken on all birds, thus sample sizces varied for the different analyses.
Means of the variables measured for the “known interior” sample were 11 times out of 12
lower than those for the “family groups” and “all birds” samples (Table 1). These differences,
however, were not statistically significant except for culmen of EU females (F=3.431; df=1,
725; P=0.033).

Samples for the SQ B. ¢ maxima were comparced for each variable and sex but no
difference was observed between the “all birds” and “rccaptured” samples (P>0.05).
However, means of measurcs for the “recaptured” sample were consistently greater than for

the “all birds” sample (Table 1).
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ANOVAs performed on all samples of B. ¢. interior confirmed that AHY geese were
significantly smaller in WU than in EU for both sexes (P<0.0001 for all tests; Table 1).
Based on the “family groups” samples, mean skull measurements of EU females and males
were larger than those of WU geese by 3.5 and 3.0 mm, respectively. Comparisons made
with the “recaptured” and “know inrerior” samples indicated that AHY B. ¢. muxima werc
larger than geese from WU and EU (P<0.0001 for all tests; Table 1). Mean skull
mcasurements of B. ¢. maxima were 12.4 and 13.5 mm longer than for WU females and
males, respectively while they were 9.2 and 10.7 mm longer than for EU females and males,
respectively.

DFA models using morphometric measurements generally provided good discrimination
among groups (Table 2). Howcver, classifications performed with the “known interior”
samples were usually more accuratc to classify the 2 subspecies whilc those bascd on the
“family groups” samples wecre better to separatc EU and WU B. ¢. inferior. The smaller
difference between WU and EU B. c¢. interior than between the 2 subspccics resulted in a
lower proportion of individuals being classified with accuracy. Using 3 morphometric
variables instead of 2 or | gave, on average, a better classification (93.4, 91.3, and 87.1%,
respectively). On the other hand, DFAs basced on skull and culmen were sometimes lcss
accurate than those using skull only.

To sclect equations that would minimize the presence of B. ¢. maxima in the B. c. interio:
data set, we chose thc “known interior” sample as the most parsimonious selcetion except to
scparatc EU and WU birds for which the “family groups” samples were usced (Table 3). For
B. ¢. maxima data set, the “recapturcd” sample was choscn for the DFA analysis based on the
samc principle. The various equations can be used in Nunavik during banding opcrations to
separate subspecics on the respective breeding sites and in southern Qucbec to characterize
the harvest composition both at the subspecies level and for the 2 breeding northern sites. The
number of variables to be measured dcpends on the time available and the accuracy required

(Table 3).

Measurement 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 culmen followed
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by tarsus and skull. It was also greater for females than males in both arcas and greater in EU
than WU, cspccially for females (Table 4). The measurcment error of skull for expericnced
obscrvers was usually <2 mm for live B. c. interior.

A total of 750, 507, and 192 birds were captured and sexed two or morc times during
banding opcrations in WU, EU, and SQ, respectively. Different sex attribution was recorded
for 54 of thesc birds (3.7%). There were a lower percentage of mistakes for B. ¢. interior in
Nunavik (1.6 and 3.7% in WU and EU, respectively) than for B. ¢. maxima in SQ (12.0%;
¥=43.44, df=2; P<0.0001).

Isotope analyses

We analysed °C and "N in newly grown primary feathers of 43 B. ¢. maxima HY
collccied in SQ as well as of 20 B. ¢. interior HY sampled in WU and 20 in EU. We also
analysed primarél fecathers 0f 45 and 17 B. ¢. maxima AHY gecse that have molted in SQ and
WU, respectively. Finally, we analysed 22 and 19 B. ¢. interior AHY gcese that have been
trapped in WU and EU, respectively.

In SQ, no diffcrence was found between years (8°C: F=0.715; df=1, 87; P=0.401, 8"N:
F=0.202; df=1, 87; P=0.654) or sexcs (8"°C: F=0.388; df=1, 87; P=0.535; 8'"°N: F=0.262;
df=1, 87; P=0.611) for B. ¢. maxima. Howcever, primary fcathers of AHY were more enriched
in PC than those of HY (F=7.657, df=1, 87; P=0.007, Fig. 2). No such difference was
observed for 8N (F=1.959; df=1, 87; P=0.166). In Nunavik, no diffcrence was found
between sexcs for AHY B. ¢. maxima (8" C: =0.382; df=16; P=0.708; 8"’ N: 1=0.083; df=16;
P=0.935) nor for B. c. interior (5"C; F=0.203; df=1, 80; P=0.653; 8'°N: F=0.154; df=1, 80;
P=0.696). On the other hand, area and age significantly affccted delta values of B. c¢. interior
feathers both for ’C (arca: F=18.786; df=1, 80; P<0.001; age: F=65.005; df=I, 80;
P<0.0001) and "N (area: F=12.395; df=1, 80; P=0.007; age: F=18.813; df=1, 80; P<0.001).
However, the patterns werc not consistent for *C (Fig. 2). AHY werc less enriched than HY
in EU with no such difference in WU,

Heteroscedasticity of §°C in fcather samplcs between southern and northern birds (SQ:
SE=0.331; WU and EU: SE=0.051) precluded the usc of parametric statistics (e.g. DFA) to
discriminate these groups. For this rcason, we only compared 8"°N between SQ and WU

AHY B. ¢. maxima and found that feathers from SQ gecse were more cnriched in '°N than
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thosc of WU (£=8.833; df=60; P=<0.0001). DFA modcl using §"°N corrcctly assigned 95% of
AHY maxima to their respective molting area and y > 0 in the cquation y = -8.3 + §"°N
indicatcs AHY B. ¢. maxima from SQ.

Although delta valucs of feathers were significantly different between B. ¢. interior
captured in WU and EU, thc DFA had a poor discriminatory power (<75% with 2 isotopes)
for both age groups. Hence, we only compared §'°N between the 2 subspecies for HY and
found that feathers of B. ¢. maxima had significantly higher values than of B. ¢. interior
(,=7.780; df=81; P<0.0001). Individuals werc well associated to their respective subspecies
with 90% of the birds being well classified while y > 0 in the cquation y = -7.6 + 3"°N
designates a HY B. ¢. maxima rcared in SQ.

Finally, 8"C in feathers of B. ¢. maxima AHY capturcd in WU werc significantly greater
than those of B. ¢. interior (=2.934; df=37; P=0.006) whilc no such diffcrence was found for
8N (£=1.264; df=37; P=0.216).

Discussion

Representative samples are required (o properly characterize different populations of
birds based on morphometric measurements. We had identified the molt migration of B. ¢.
maxima into the B. ¢. interior breeding range in Nunavik as a potential problem to adequatcly
characterize B. c¢. interior individuals captured on the West and East coasts of thc Ungava
peninsula. By limiting our analyses to rccaptured AHY birds that had been banded as HY in
northern Quebec (referred as “known interior”), we reduced our sample size but improved
the accuracy of DFA models suggesting that the full data set was indeed contaminated by
molt migrant B. ¢. maxima. Comparisons of means also support this contention. Moser and
Rolley (1990) and Mecrendino et al. (1994) attempted to overcome this problem by
considering individuals captured twicc in more than 3 ycars and females with a brood patch
as B. c. interior. We did not use these criteria because failed breeders (with a brood patch)
can also migratc to these latitudes (Abraham et al. 1999). With the increasing effort at
controlling the establishment of resident populations at southern latitudes by addling Canada
goosc cggs, this should rcsult in a greater number of failed breeders (possibly the same

individuals in successive years) that migrate to northern Quebcc to molt.



17

Hanson (1965) and Didiuk (1979) argued that molting B. ¢. maxima did not share the
same habitats as family groups of B. c¢. interior. This is supported by the difference in
isotopic signatures of birds captured in the Ungava peninsula, at least for °C, which suggests
diffcrent habitat use or food habits during the molt of these two subspecies. However, our
samplcs of gecse captured in family groups were not as helpful as the “known inserior”
samples to discriminatc between B. ¢. interior and B. ¢. maxima. Morcovcr, the mecan valucs
of the morphometric measurements were often larger for this sample than for the “known
interior” suggesting the presence of B. ¢. maxima in these groups. The “family groups”
sample gavc, neverthcless, the best DFA modcls to classify B. ¢. interior from the respective
coast of the Ungava peninsula, possibly because of the larger sample size.

The B. ¢. interior subspecies is composed of scveral morphologically distinct populations
(Leaflor and Rusch, 1997; Dickson, 2000). Clinal size variation has also been shown for B. ¢.
interior in thc Mississippi Flyway (Moscr and Rolley, [990). Dctailed knowledge of
geographic variation in body sizc is thus nceded to improve cffectivencss of classification at
the Flyway level. Although Canada geese captured in SQ were comparable in size to B. c.
maxima from southern Ontario and the Mississippi Flyway (Moser and Rolley 1990;
Mecrendino et al. 1994), geographical differences still exist among populations of B. c.
maxima within a Flyway. However, characterization of this subspccies must not be based at
the regional scale because harvest of summcr-banded individuals indicated interchange
across rcgions (Moser and Rolley, 1990).

Population discrimination using morphometric measurcments is subject to diverse biases
(Leafloor and Rusch 1997; Leafloor et al. 1998; Thompson et al. 1999; Rasmussen et al.
2001). The imprecision of a measurement depends on the morphological variable and the
experience of the measurer. To investigate measurcment errors (ME), our analyses were
based on homogenous samples established for each scx class in each region. This reduced the
among-birds variation and estimated more accuratcly the rclative contribution of the within-
birds variancc associated to the measurers. Morcover, our data were collected in the ficld on
live birds by different cxperienced measurers, which is different than measuring dead
immobile birds as donc by Rasmussen et al. (2001). Ncvertheless, wc found similar
magnitude of variability within goose measurement than Rasmussen et al. (2001). Although it

would be prefcrable to have the same measurers each year, this is rarely possible when the
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banding programs extend over many years and involve scveral agencics. Variables with low
% ME such as skull should be privilcged for morphometric classification to rcducc the
likclihood of type 1 error (Toft 1983).

This study is the first to investigate the rate of error in scx attribution of Canada goose.
More than 10% of geese recaptured in SQ were scxed differently compared to less than 4% in
the Ungava peninsula. This might be due to the robustncss of B. ¢. maxima that make
manipulations of the birds more difficult. Brown and Brown (2002) found error of 11% in
sex assignment for HY mute swans (Cygnus olor) banded in UK and the bias was the same
for males and fcmales. This bias does not influence the accuracy of our DFA models because
we only included recapturcd geese that had been scxed identically. However, failurc in sex
assignment may have consequences on classification when the measurements fall within the
range of overlap between B. ¢. maxima females and B. ¢. interior males. For these birds,
subspecies classification is more likely to be false if individuals arc wrongly sexcd. Our data
indicated that tolcrance intcrvals (TI) sct at an a-level of 95% overlap by 10 mm for skull
mcasurements of B. ¢. maxima females (lower TI=116.1 mm) and B. ¢. interior malcs (higher
TI=126.1 mm).

The isotopic signatures carried in primary feathers of a bird reflect the cnvironment in
which 1t molted and this can be used to trace source of elements (Mizutani ¢t al. 1992;
Hobson et al. 2000). However, like Graves ct al (2002) recently found in black-throated blue
warblers (Dendroica caerulescens), enrichment in Canada goose is age-specific and must be
considered when using stable isotope to delineate geographic origin of birds. Differcnt
pattcrns of isotopic fractionation between AHY and HY during keratin synthesis may cxplain
this finding but a distinct diet between goslings and adults may be also important. During the
rearing period on the west coast of the Ungava peninsula, AHY and HY Canada gcese
consumed different varicties of plants and different plant parts (Cadieux et al. 20035).
Compare to AHY that consumed high-cnergy plant part, the dict of goslings is generally with
higher nitrogen concentration.

The "C isotope has a limited capacity to act as a general marker to link individual gcese
to their molting area. Unlike Wassenaar and Hobson (2000; 2001), this finding may not be

duc to a similar contribution of C; and C,4 plants between geographic arcas, but rather to the
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greatcr variability of the SQ sitc and the use of both anthropic and natural habitats by broods
of B. ¢. maxima along the St-Lawrence river (Doiron 2006).

Conversely, different ﬁitrogcn isotope concentrations in goose feathers reveal different
sources of nitrogen. Higher 8'°N in the feathers of SQ gecse may reflect the entry of excess
fertilizer nitrogen into local river systems (Heaton 1986; Kcndall 1998; Hcbert and
Wasscnaar 2001). Multiple isotope analyscs have been proposed to trace the origin of birds
(Chamberlain ct al. 1997; Caccamise ct al. 2000; Wasscnaar and Hobson 2001; Hebert and
Wassenaar 2005). Howecver, hydrogen and sulfur isotopic analyscs of complex organic
structure like keratin need extensive and cxpensive laboratory manipulations and may be less

suitable for largce scale sampling.

Management implications

Canada goose management objectives in the Atlantic Flyway have cvolved during the
sccond half of the 20" century following the expansion of the temperate subspecics (B. c.
maxima). The cffective management of this species requires demographic information and
harvest estimatcs for each population(Hindman ct al. 2003). Our study shows the
cffectivencss of using morphometric measurements and isotope signatures to properly
identify the population source of an individual Canada goose.

First, our results can be used to discriminatc molting B. ¢. maxima and breeding B. ¢.
interior  AHY geese capturcd in the Ungava peninsula region. Using only skull
measurcments, the most commonly measure taken during banding operations, we can now
accurately assign >89% of the gcese to their subspecies. Skulls larger than 118 and 125 mm
for females and males, respectively, indicate B. ¢. maxima. Morc measurements can be taken
to incrcasc accuracy but the time to process the birds will lengthen the banding opcrations,
which can affect goose survival (Menu et al. 2001).

Our results are also useful to estimate the contribution of cach population mn the harvest.
Morphometric measurements classifying subspccies of harvested AHY gecse might be used
during fall at southern latitudes. Morphometric measurements are also valuable to distinguish
the population source (west and cast coasts of Ungava peninsula) of harvested B. ¢. interior
geese (modcls’ accuracy >84% when using 2 or 3 variables). For AHY B. ¢. maxima, 5"°N of

primary fcathers collected on harvested geese in southern Quebec could help to distinguish
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oncs that have bred in this region from those that have molted in Ungava peninsula region
(models’ accuracy >90% using 3'°N). However, Caccamisc et al. (2000) found that inland B.
¢. maxima trapped in New Jersey were less enriched in stable isotopes than B. ¢. maxima
trapped in southcrn Quebcc. Hence, precaution must be taken when using isotopic signature
to manage sub-populations of resident Canada geese. For HY geese, 8'°N of primary feathers
could be helpful to classify harvested geese at the subspecics level.

To establish rcgulations and achieve specific management objectives, Part Surveys based
on wings and tails of bagged waterfowl are used to investigatc population contribution
according to rcgional units and through time. Howcver, to assess subspecics and sexcs of
individual Canada geese, collection of head and rump of birds would have to be added to this
survey, which may be difficult to implement. On the other hand, scveral sampling stations
distributed throughout different hunting districts could be deployed for specific and punctual
surveys. Once a rcpresentative sample is achieved, the combined use of morphometric
measurcments and isotope analyses should be cost-cffective to differentiate 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 southemn Quebec (SQ), 1999-2004. See the text for description of the 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  0.25 124 486 0.33 86 784 046 85 1176 044 78 50.7 057 47 851 067 47
Family groups 111.7 011 490 48.6 0.12 164 788 023 162 118.0 0.17 443 514 022 137 839 030 137
All birds 111.6 0.08 2597 48.8 035 667 78.7 0.13 659 117.8  0.08 2369 51.7 051 538 844 0.16 529
B. c. interior (EU)
Known interior 1143 046 48 514 038 42 813 051 42 1204 0.66 35 542 050 30 88.0 058 30
Family groups 1152 037 105 528 034 S3 819 049 42 121.0  0.39 92 554 042 37 88.6 058 33
All birds 1146 009 1872 52.1 021 633 820 0.15 622 120.8 0.09 1694 55.0 022 586 883 0.17 578
B. ¢. maxima (SQ) .
Recaptured 123.5 042 86 558 026 85 888 039 78 131.1  0.50 67 594 033 67 959 057 44
All birds 1234 027 256 557 0.16 256 88.0 030 152 130.7 033 209 59.1 0.22 206 954 046 94

Y4



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

Female (%) Male (%)
Maxima Maxima Maxima Int. WU Maxima Maxima Maxima Int. WU
Variable vs. Vs, vs. vs. vs. vs. Vs, vs.
Sample of B. ¢. inferior* Interior Int. WU Int. EU Int. EU Interior Int. WU Int. EU Int. EU
Skull-Culmen-Tarsus
Known interior 94.6 98.1 93.3 68.5 95.0 98.9 93.2 68.8
Family groups 94.0 97.9 87.4 88.7 92.5 97.8 935 84.1
All birds 86.3 96.5 82.0 77.6 872 96.1 85.2 76.3
Skull-Culmen
Known interior 94 4 97.7 88.2 68.0 94.4 974 90.7 67.5
Family groups 89.1 95.6 84.8 85.3 90.0 94.2 86.5 81.0
All birds 86.8 95.1 81.8 76.4 87.2 938 85.1 755
Skull
Known interior 94 6 98.1 88.8 68.6 93.9 94.5 89.2 63.7
Family groups 91.9 95.1 86.9 70.4 94.0 95.9 89.3 66.2
All 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. ¢. interior were compared with the recaptured sample of B. ¢. maxima while the All birds samples of both
subspecies were compared

9¢
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Table 3. Selected cquations for classifying subspecies of AHY Canada gecse bascd on skull (SK),
culmen (CU), and bonc tarsus (TA) measurements. SQ, WU, and EU indicatc Southcrn Quebec,

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

Classification (usc)®

Female Male
Maxima vs. interior (To be used in SQ for harvest)
y=-23425+ 143*SK +0.02*CU + 0.77*TA y =-170.68 + 0.65*SK + 0.30*CU + 0.80*TA
=.208.05 + 1.64*SK +0.27*CU y=-157.67+ 1.16*SK + 0.23*CU
y=-118.16 + SK y=-124.88 + SK
Muxima vs. WU interior (To be used on WU during banding)
=-293.60 + 1.59*SK + 0.45*CU + 1.00*TA y=-239.66+ 1.25*SK + 0.38*CU -+ 0.70*TA
y=-245.05 +1.77*SK + 0.71*CU y=-199.88 + 1.39*SK + 0.50*CU
=-117.18 + SK y=-124.35+SK
Maxima vs. EU interior (To be used on EU during banding)
y=-196.95 + 1.00*SK -+ 0.06*CU + 0.89*TA y =-188.25+0.69*SK + 0.52*CU + 0.77*TA
y=-163.34 +1.29*SK +0.19*CU =-150.51 + 1.1 1*SK + 0.20*CU
=-118.64 + SK y =-125.39 + SK
LU interior vs. WU interior (To be used in SQ for harvest)
y =-87.66 +-0.31*SK +1.99 *CU + 0.28*TA y=-89.14 4 -0.13*SK+].04*CU+0.57*TA
y=-63.13+-0.17*SK + 1.63*CU y =-87.06 + 0.35*SK+0.85*CU
y=-114.11 + SK y=-118.23+SK

* Where y > 0 means B. ¢. maxima for the first 3 series of models and EU B. ¢. interior for the last

SCries.
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Table 4. Variance componcnts cstimates for Canada geese morphological variables measured

(mm) on AHY {fcmales and males captured on the west (WU) and east (EU) coasts of Ungava

peninsula, 1996-2004.

WU EU

Females Males Females Malcs

Variable Variance component (n=10) (n=12) (n=17) (n=19)
Skull Among geese 2.83 9.89 9.13 10.33
Within geesc 0.71 225 2.04 1.30

% measurement crror 19.9 18.5 18.3 11.2

Culmen Among geesc 2.77 5.76 2.96 3.19
Within geesc 0.78 222 3.00 226

% measurement error 21.9 278 503 41.5

Tarsus Among geese 5.87 15.13 5.03 10.55
Within geese 3.10 213 229 1.15

% measurcment crror 34.6 12.3 313 9.8
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Fig. 1. Location of sampling areas in northern and southern Quebec. B. c. interior geese were
capturcd along the west (WU) and east coasts (EU) of Ungava peninsula whereas AHY B. ¢.
maxima geesc were captured in southern Quebee (SQ) and WU, Stars represents capture

sitcs.
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Fig. 2. Mcan (+SE) delta values for carbon (8'°C) and nitrogen (5"°N) isotopes of feathers
collected from hatching ycar (HY) and after hatching ycar (AHY) Canada gecse in Quebec,
2003-2004. Values arc plotted according to subspecics (B. ¢. maxima and B. ¢. interior) and

summer range (SQ = Southern Quebec; WU = west coast of Ungava peninsula; EU = east

coast of Ungava peninsula). Sample size shown in parenthesces.



CHAPITRE 2 : DISPERSION POST-REPRODUCTIVE DES BERNACHES DU CANADA
RESIDENTES DANS LE SUD DU QUEBEC

Ce chapitre scra soumis pour publication sous le titre suivant :

Post-breeding dispersal of resident Canada geesc in southern Quebee.
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Abstract: Individual behavior that reduces vulnerability to sport harvest can affcet population
dynamics and must be considered when developing management plan. Resident Canada
geese (Branta canadensis maxima) have increased steadily throughout the Atlantic flyway
and have become a nuisance in some parts of their range. The objccfive of our study was to
determine dispersal, movemcnts, and habitat use during thc post-breeding period of resident
Canada geesc recently established in southern Quebec. The ultimate goal was to determinc
the potential of hunting as a measure to prevent this population of becoming over-abundant.
We tracked a sample of geesc fitted with radio-collars or conventional alphanumeric collars
throughout the fall in 3 zones characterized by differcnt habitats and hunting pressurc. Before
the hunting season, geese left the brecding area where hunting was allowed to rcach a
suburban environment wherc firearm discharge was totally or partially rcstricted. This post-
breeding dispersal occurred when juveniles were approximately 3 months old. Distribution of
radio-collared geese and flock surveys showed that few birds uscd the hunting zone. Local
movements among zones with diffcrent hunting pressurc were limited once migrant geese
from northern breeding populations reached the study area. Radio-collarcd gecse used mainly
natural habitats (75.4 = 2.6%), followed by urban (14.4 £ 2.7%) and agricultural habitats
(10.3 = 0.8%). They were Jocated in 73.8% = 6.2% of the timc in areas where hunting was
prohibited. Geese that attended juveniles were more prone to usc arcas where fircarm
discharge was restricted than geese that have abandoned or lost their brood. This study
showed that under the prevailing regulations, the potential role of hunting to manage resident
Canada gecese in southern Quebec is Himited.

Keywords: Branta Canadensis maxima, Canada goose, habitat usc, hunting disturbance,

movement, Quebece, suburb ccology
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Introduction

The choice of foraging habitats by animals 1s assumed to be an active process with the
goal of maximizing their nct ratc of encrgy intake (Stcphens and Krebs 1986). Individuals
facc trade-offs between predation risks and foraging opportunitics (Lima and Dill 1990).
They should thus adopt optimal strategics that maintain encrgy balance and reduce
probability of mortality. In refuge systems, where groups of individuals disperse radially
from a central living place to acquire food (Hamilton and Watt 1970), mobilc populations
have the option of moving to a more favorable environment when foraging costs beccome
greater than gains (Frederick and Klaas 1982). Behaviors of individuals that dircctly affect
vital paramecters such as survival may thus influence population status. For that matter,
movements of individuals in reaction to sport harvest may enhancc survival and be a leading
feature in population dynamics (Madsen 1995).

Ovecr the past 40 years, waterfowl managcers have favored hunting to control the growth
of several goose populations in North America (Ankney 1696; Johnson 1997). In the Atlantic
flyway, the demographic cxpansion of resident Canada geesc (Branta canadensis maximay)
has been recently stabilized, in part because of higher harvest resulting from special hunting
scasons in several states and provinces (Atlantic Flyway Council 1999; Hcusmann 1999,
Hindman ct al. 2003). However, the ability of this subspccics to exploit urban cnvironments
increascs conflicts with humans and may prevent achicvement of management goals because
hunting activities arc often prohibited or restricted around cities (Conover and Chasko 1985,
Ankney 1996). It is thus essential to investigate the role of hunting on movements and habitat
usc by resident geese in these environments to refine control stratcgies and to help managers
in taking decisions.

Resident Canada geese have expanded their range in northeastern America and arc now
breeding in southcrn Quebec (Giroux et al. 2001). The rapid growth of a population rccently
established ncar Montreal emphasizes the importance of collecting information to develop
strategics that would aim at limiting population growth and minimizing conflicts expericnecd
in other regions. In this study, we cxamined the post-breeding dispersal, fall distribution,
local movements, and habitat usc of resident Canada geese established in Quebcee. The arca is

characterized by urban, suburban, and rural settings where different hunting rcgulations and
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municipal by-laws about fircarm discharge prevail. In addition, a spccial carly hunting scason
has becn introduced few years ago by thc Canadian Wildlifc Scrvice to specifically control
resident Canada geese. We took advantage of this spatiotemporal variation in hunting activity
to evaluate its cffect on the post-breeding dispersal of geese. Ultimatcly, we wanted to asscss

the potential of sport hunting as a control measurc for this increasing population.

Methods
Study area

The study arca cncompasscd approximately 415 km” within the region of urban sprawl
that occurred in the last 20 years around Montrcal (Fig. 1). It was characterized by urban and
suburban developments encroaching into agricultural lands. We divided the arca into 3 zoncs
according to hunting activity and land usc. The East zonc included the nesting, rearing, and
molting sites of Canada geese that breed at Varcnnes (Giroux ct al. 2001). Tt was located
northeast of Montrcal along the St-Lawrence River (45°39'30" N, 73°27'30" W) and included
scveral islands that were used as pasture until the end of the 1990°s. This has limited the
growth of trees and shrubs and mainlained an extensive herbaccous cover (Lapointe ct al.
2000). The surrounding mainland, cspecially along the south shore of the River was
composed of 40% of agricultural lands dominated by small grain ccreal and corn {iclds, the
latter being used to feed livestock. Waterfowl hunting was allowed throughout the area
cxcept in the urban portions of Montrcal, Repentigny, Varcnnes, and Boucherville and started
on the fourth Saturday of September until mid December. The special carly goosc scason was
limited to agricultural lands and began 3 weeks before the regular season.

The Central zone was located at the junction of des Prairies and des Mille fles Rivers
(Fig. 1). Agricultural lands represcnted <30% of this zone and fields were mainly cultivated
o produce human food (sweet corn and vegetables). Hunting was allowed along the south
shores of des Prairies River on the island of Montreal and in all agricultural lands within the
municipality of Lachenaie. Fircarm discharge was prohibited elsewhere including the entire
lic Jesus (Laval) by municipal by-laws.

The West zonc was characterized by extensive urban developments with high human
density. However, the Mille Iles River that crossed the zone was dotted with many islands

that constituted natural habitats. Agricultural lands were scattered on Ile Jesus and 1n the most
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northerly portion of the zonc. Hunting was not allowed throughout the West zone because
municipal by-laws prohibited discharge of fircarms.

Canada geese that breed in southern Quebce winter in north-castern United States (J.
Rodrigue, unpubl. data). Cold temperatures and frcezc-up of most water bodies in winter
prevent the geese to stay all year round. The geese arrive on their breeding sites at the end of
March but their departure datc was unknown. In addition, molt migrants from other southern
resident populations join the breeding flocks during the summer. They arrive in the first week
of June (Giroux ct al, 2001) but their departurc date was also unknown. Other molt migrants
pass through the arca in Junc and continuc to more northern sites, up to Ungava peninsula
(Rodrigue and Harvey 2002). During the fall, a portion of Canada geese (B. ¢. interior) that
brecd in Nunavik (northern Quebec) stage in southern Qucbec (Malecki et al. 2001) along

with returning molt migrant giant Canada gecse.

Marking and tracking geese

In the spring 2004, the 4 islands of Varenncs (111.5 ha) were searched for Canada
goosc nests. Using a scoop nct or a bow-net trap, we capturcd a sample of ncsting females
and equipped them with radio-transmitters affixed to neck collars (total weight: 56 + 0.8 g),
which represented <1.5% of body weight (Demers ct al. 2003). Nests were monitored until
hatch to determine success and brood size of each marked female. In early July 2003 and
2004, we captured pre-fledged juveniles and molting adults using corral traps. Conventional
alphanumeric plastic neck collars were put on a sample of adult females that had a brood
patch. However, the presence of a brood patch does not mcan that a female had bred in
southern Qucbec. Molt migrant gecse that were failed breeders from other resident
populations could also have a brood patch.

Starting in mid-July, when the geese were still molting, we located the radio-marked
geese cvery day by telemetry using a Yagi antcnna mounted on a vehicle or from a boat.
When geese started to disperse, we searched each zone twice a weck. Survey effort among
zoncs was balanced between morning and afternoon periods. Tracking ended when the last
radio-tagged goose left the arca. Radio-collarcd geese were assigned to a zone on a weekly
basis. Whenever, a bird was located in 2 zonces during the same week, we associated it to the

zonc where it had not been observed the previous wecks to maximize information about
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distribution. Residence time of cach radio-collared goose during the hunting scason was the
number of days that clapsed between the opening of thc special hunting season and the datc
of last location in the study arca.

Radio-tagged geese were located by triangulation or visual contact and the locations
werc noted on 1:20,000 topographical maps. For cach location, we rccorded habitat according
to 3 broad categories. Natural habitats were mainly riversides and islands that have not been
modificd by humans. Urban habitat included man-made habitats such as parks, golf courscs,
ponds, and riversides that had becn transformed by human activities. Finally, agricultural
habitats included fields with different crops. We also noted whether the geesc were located in
areas where hunting or firearm discharge was allowed or not.

During the surveys, we also scarched for neck-collared females with a spotting scopc
(25-60 x) 1n all flocks regardless of the presence of radio-tagged females. We recorded the
number of individuals in each flock and computed the sum for cach weck and zone. Finally,
groups of hunters spotted during the surveys were recorded, summed for the whole scason

and standardized by the number of days with surveys in cach zone.

Statistical analyses

Survival and movement probabilitics of collared gecse werc cstimated using multi-state
capture-rccapturc models with program MARK version 4.1 (Brownie et al. 1993; White and
Burnham 1999). For multi-state models, capture historics revcal both cncounters and
locations (state). In this study, the first capture consisted of observations of ncck-collared
geese during the molting period and subscquent captures were the observations made during
the following periods (see below). Maximum likelihood estimatcs were obtained for: p'= the
probability that an individual was detccted in zone # at time ¢ given that the individual was
alive at time ¢, ¢’ /= the probability that an individual alive in zonc r at time ¢ survived and did
not permanently emigrate from the study area until ++1 and ", = the probability that an
individual in zone # at time ¢ be in zone s at time #+1 given that the individual survived until
1. We assumed that movement probabilitics between 7 and +] followed a [irst-order
Markovian process, i.c. they only depended on the region at time 7.

To minimize the number of parameters to be included in the models, we groupcd

recapturcs into 8 3-wecek periods. July 24 was set as the end of the molting period (M) based
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on the hatching date of the first nest and a 70-day fledging period (IHanson 1965). Two post
molting periods (PM1 and PM2) were set before the beginning of the special hunting season
(SS) that spanncd between 6 and 24 September. The regular hunting season opened on 25
Scptember and 4 3-weck periods were cstablished (RS1, RS2, RS3, and RS4). A bird scen in
morc than 1 zone for a given period was associated to thc zonc where it was most often
encountercd. When ties occurred, the bird was associated to the zone where it has not been
encountered during the previous period to maximize information about movements. We
considered the probability of collar loss to bc null during the study becausc of its short
duration.

The most general model including @, p, and y as function of time (#=7), zone (z=3) and
collar types (c=2) was coded @uv», prvv, and W+, respectivcly. Geese tagged with
conventional and radio collars were coded distinctively giving full encounter probability (p',
= 1) of radio-collarcd birds. To reduce the number of paramcters, we tested modcls without
group constraints on ¢ and w and models in which p was function or not of ¢ and/or s. Our
main interest was to investigate the cffect of hunting on ¢ and w using models that had
biological significance. Numerous models were computed using constraints relcvant to the
hunting regulations that changed among periods and zones.

Goodness-of-fit tests were calculated using the program U-Care 2.02 (Lebreton 2003),
which does not separatc multi-state tcsts but give associated statistic values. Wc used the
Akaike’s Information Criterion (AIC,) to select the best approximating model (lowest AICe
valuc; Burnham and Anderson 1998). Wc also used AIC, weight (AIC.w), which represents
the weight of evidence in support of each model in the candidate set given the data.

We used compositional analyses to investigate how habitat usc by radio-collared gecse
was affected by hunting (Acbischer et al. 1993). Availability was defincd as the proportion of
each habitat (natural, urban, and agricultural) within the entirc study area. This was
established from a digitized Landsat thematic map (TM, 30-m pixel) using ArcMap 9.1 for
Windows (ERSI 2005). We excluded forests from natural habitat and urban settlements from
the urban habitat because geese do not use these habitats. We also calculated the areas where
hunting was allowed and prohibited within thc natural and agricultural habitats (hunting
being always prohibited in urban habitats). Habitat use was defined as the proportion of radio

locations in cach habitat for cach individual. To satisfy unit-sum constraint and independency
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conditions, the sampling unit was the log-ratio of the proportion of locations of cach
individual (Acbischer ct al. 1993).

We first tested that habitat use differcd significantly from random usc belore and
during the hunting scason. For each period, we ranked habitats from thc most to the Icast
cxploited by geesc and tested the significance of the associated Wilk’s lambda (A) by
randomization as recommended by Acbischer ct al. (1993). Wc then used a MANOVA to
investigate whether habitat usc by radio-collarcd gecsc changed after the opening of the
hunting scason. Our second objective was to detect habitat preference during the hunting
scason by considering five habitat categorics (natural with and without hunting, agricultural
with and without hunting and urban without hunting) in a compositional analysis. We also
used randomization tests to dcterminc the significant differcnces between ranks of the
habitats uscd by geese. We used a paired -test to compare the pereentage of locations of
individuals in hunted arcas between the natural and agricultural habitats to evaluate whether
geese were morce susceptible to encounter hunters when using onc of these habitats. Finally, a
compositional analysis was uscd to comparc habitat use by fcmales that attended a brood and
those that cither abandoned or lost their broods. A Student t-test was also uscd to comparc the
percentage of locations in arcas where hunting was prohibited between attending and non-
attending females. All compositional analyses and randomization tcsts were performed with a
modified SAS program written by Ott and Hovey

(http://nhsbig.inhs uiuc.edu/habitat _use/bycomp.sas). Angular transformations were applied

to pereentage data.

Results

In 2004, 134 ncsts were located on the Varennes islands and we captured 19 females
that werc fitted with a radio-collar. Four femalcs left the study area before the molting period
(between June 6 and June 12) and 3 returnced to the study area during the fall. The fourth onc
was shot 1in Massachusetts in November. Among thesc 4 females, onc had its nest preyed
upon and the others abandoned their young early during the brood-rearing period, a common
phenomenon in this pepulation (Doiron 2006). Young that had been web-tagged at hatching
were captured in July in banding drives that did not include the parents (J-F Giroux, unpubl.

data). Because we did not succeed in putting all radios during the nesting period, we replaced
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conventional collars by radio collars of 6 females during the banding drives. These females
had been previously located on a ncst (all were successful in hatching cggs) and observed
regularly during the brood rearing and molting periods. Among the 21 radio-collared fcmales
that molted in the study area, 1 had its nest preyed upon, 12 reared >1 young and 8
abandened or lost their brood. A total of 1044 locations wcre obtained including 508 visual
contacts (48.7%) with an avcrage of 47.1 locations per female (SE = 1.5; min = 29; max =
58) and a mean interval of 3.3 days between each location.

In 2003 and 2004, we banded 288 and 544 molting adults and fitted 91 and 124 females
with conventional collars, respectively. We observed 150 females during the fall 2004 for a
total of 1727 locations or 13.3 per fcmale (SE = 0.46; min =1; max = 36).

During the hunting season, wc recorded scven times more hunting parties in the East
(0.34/day) than in the Central zone (0.05/day). As expected, no huntcr was obscrved in the
West zone throughout the fall. Although we could not distinguish between those that were
hunting geese and ducks, most waterfow! hunters in southern Quebec will shoot at geese if
they have the opportunity. During our surveys, we did not encounter any hunter during the
special early scason but we know that some hunters were active. In 2004, 7 birds banded in
2003-2004 were recovered during the special scason and 33 during the regular season within

the study area, mostly in the East zonc (92.5%).

Dispersion and migration chronology

During the molt and the beginning of the post-molt pcriods, Canada geesc were
concentrated in the East zonc (Fig. 2a). These included birds that bred at Varcnnes and those
that arrived there during the summer to molt. The 21 remaining radio-collarcd geesc were all
located in this zone (Fig. 2b). Their numbers decreased rapidly by mid-August when the birds
dispersed towards thc Central and West zoncs. This occurred when the juveniles werc
approximatcly 3 months old (Table 1), well before the opening of the special hunting scason
in early Septcmber.

Concomitant to the dispersal of resident gecse to the West and Central zones, arrival of
B. ¢ infterior and B. ¢. maxima from northern Quebec increased the total number of birds in
these two zones (Fig. 2a). The rcgular hunting season began at this time and the maximum

number of birds was rccorded about 3 weeks later. Very few geese uscd the East zonce during
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the hunting period compared to numbers observed in the Central and West zones. Finally, a
grcater number of geese including radio-tagged birds used the West than the Central zone
during the second half of the hunting scason (RS3 and RS4). Only 1 radio-tagged goosc was
shot during the study and this occurred during RS! in the East zonc. This goosc had
previously spent the PM1, PM2, and SS periods in the Central zone.

The chronology of migration departure was much cxtended than the post-molt dispersal
(Table 1). The first radio-tagged geese left the area in carly October and the last one on 19
December. On the other hand, the post-molt dispersal occurred during a period of just over |
month. These birds were not located further south in Quebcee during sporadic ground tracking
throughout the arca. Residence time during the hunting scason lasts on avcrage 88 days,

which represents 78% of the duration of the whole hunting scason (112 days)

Movements

When the data on radio and conventional collar Jocations 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 zonces. For radio collared birds, we are confident that the regrouped
cncounters were representative of each zone use because individuals were located on average
91.7% of time in thc same zonc during a given period. Although ties in thc number of
locations in more than one zone never occurred, individuals were located in three zones
during a same period at only nine occasions. For conventional collared geese, §5.4% of
regrouped encounters occurred in a single zone, 14.6% in 2 zoncs and none in 3 zones.
Moreover, ties in the number of locations for 2 zones occurred in only 5.9% of the regrouped
cncountcrs.

The general model fitted the data well (%10, = 89.3; p > 0.05). The two best models
indicated that dctection probability (p) was time and group dependent while apparent survival
probability (@) and movement probability (y) were related to hunting regulations (Table 2).
Time constraints on ¢ indicated diffcrent survival probability after the opening of the hunting
scason (Q.: ¢'y2.3 # ¢ 45.6.7) whercas a weak preference was shown between the model with
full zonc constraint on @ (¢; @™, # @, # ¢"*) compared to one with hunting zone

East Central-West
(E QP

constraint on @ (@ ® . This last model estimatcd that ¢ for the East zone

was 98.5% (SE = 0.01) before the hunting season and 64.5% (SE = 0.16) during the hunting
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scason whilc ¢ for the Central and the West zone together was 99.9% (SE = 0.01) and 96.1%
(SE =0.01) before and during the hunting season, respectively.

The best model suggested that constraint on y duc to hunting rcgulations implied only
movements toward the East zone and suggested that y was constant throughout the study

Central—East

West—Eas .
Vest—Easty \whereas no constraint

until the last period (Wap: Wiz-3.4.5.6 7 W7 for y and y
on other movements was sclected. Estimates of y indicated incrcasing movements to the
Central and West zones before the opening of the regular hunting scason (Fig. 3a).
Thereafter, w remained low except for a small increase during RS3 indicating some
movements from the Central to thc West zone. When the oppositc transitions were
considered, movements from the West to the Central zone occurred at the beginning of the
hunting season. Movements towards the East zone were ncgligible during the whole period

except during RS4 when some geesc returncd to their breeding and molting sites before

departing for migration (Fig. 3b).

Habitat use

During the fall, radio-collared gcesc were predominantly located in natural habitats
(75.4 + 2.6%), followcd by urban (14.4 + 2.7%) and agricultural habitats (10.3 = 0.8%).
Geese using natural habitats were obscrved resting on des Mille fles and des Prairics 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 habilats used by
geese included lawns on private propertics and city parks located along riversides, corporate
managed landscapes surrounding petro-chemical plants, and golf courses. In agricultural
habitats, geese concentrate their feeding on spilled grains in stubble and plowed corn fields or
small grain cereals. Harvest of corn fields in the Central zone (swcet corn for human usc)
started in mid August and was complcted by late September. In the East zone, harvest of corn
for grain started in late Scptember and cnded in December.

Compositional analysis showed a significant departure from random usc of habitats
during the fall both before (n = 21; Wilk’s A = 0.332; randomized P < 0.001) and during the
hunting period (n = 24; Wilk’s A = 0.353; randomizcd P < 0.001). Natural and urban habitats
werc both preferred over agricultural lands during the two periods. Howcver, habitat use by

geesc slightly changed after the opening of the hunting season with geesc spending more time



42

in agricultural habitats (4.7 vs. 15.0%) and Jess in urban habitats (20.9 vs. 9.2%; MANOVA,
Fy38=5.49; P =0.003).

During the hunting season, radio-collarcd geese were located mainly in areas where
hunting was prohibited (73.2% =+ 6.2%). For this pcriod, significant departure from a random
usc was obscrved (n = 24; Wilk’s A = 0.096; randomized P < 0.001; Fig 4a). Urban habitats
and non-hunting arcas in natural habitats were the most preferred while agricultural lands and
areas acccssible to hunters in natural habitats were the least preferred. Radio-tagged geesc
were more pronc to be in a hunting area when using agricultural (40.6 + 8.8%) than natural
habitats (26.6 £ 6.3%, 3= 2.18; P =0.020).

Geese that had attended a brood during the rearing period and that were most likely still
accompanied by juveniles after the post-breeding dispersal did not usc habitats randomly
during the hunting scason (n = 12; Wilk’s A = 0.053; randomized P < 0.001). They
preferentially used no hunting areas in natural and urban habitats (Fig. 4b). Femalcs that had
abandoned or lost their brood also showed prefercntial use of some habitats during the
hunting scason (n = 12; Wilk’s & = 0.116; randomized P < 0.001). Although they greatly
preferred no hunting areas in natural and urban habitats, they also used hunted arcas in
natural habitats to a greater extent that their availabihty (Fig. 4c¢). Attending females were
more often located in arcas where hunting was prohibitcd than non-attending ones (82.0+

7.9% vs. 64.8 + 9.2%; t,3=2.54; P=0.019).

Discussion

In this study, wc showed the limited potential role of hunting to manage the resident
Canada gecese cstablished in southern Qucbec. Dispersal toward a suburban environment
reduced the risk of mortality of individuals by limiting the effect of hunting. In our study
area, hunting pressure was higher around the main breeding site than few km away where
municipal by-laws restricted firearm discharge. The Varcnnes islands arc a popular duck
hunting arca and few banded geese were recovered by hunters from this arca despite its
limited use by geese during the fall. Nevertheless, the intensity of goose hunting in the whole
arca was limited as shown by our index of hunter’s encounter. Our results confirm the
contention cxpresscd by the Atlantic Flyway Council (1999) that harvest of Canada geese in

urban and suburban areas is gencrally limited.
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Strong behavioral response to hunting disturbance has been shown in many species of
watcrfow] (Madsen 1998; Madsen 2001; Béchct et al. 2003; Bregnballe ct al. 2004). Madscn
(1998) found that shooting was the most disturbing human activitics that affect distribution of
waterfow!l in Denmark. In migrating snow geese (Anser caerulescens atlanticus), an
increcascd of backward movements was observed after the implementation of a spring
conservation hunt in Quecbec (Béchet ct al. 2003). This supports the idca that birds have the
ability to assess thc risk of being preyed upon or shot and that they can incorporate this
information into their decision making (Lima and Dill 1990; Blumstein and Bouskila 1996).
In this study, however, the shift by resident Canada geese from a relatively high to a low
hunting pressurc area occurred scveral weeks beforc the opening of the hunting scason
indicating no direct effect of hunting. Individuals may thus usc prior knowledge of pay-offs
acquircd from early cxperience and tradition (McNamara ct al. 2006; Valonc 20006).

On the other hand, changes in resource availability may also influencc the distribution
of birds jn fall. Compared to the high hunting pressurc arca where corn is harvested later,
sweet corn in the low hunting pressurc area is collected in carly fall providing somc rcsources
for gcese before the opening of the hunting season. After the migration peak, few movements
occurred and geese stayed in areas where hunting pressure was low. Movements took place
toward the high hunting pressure area at the end of the hunting scason, which coincided with
improved feeding opportunitics in stubble and ploughed corn ficlds and with the presence of
fewer hunters.

Several goose species [ecd on crops (Frederick and Klaas 1982; Alisaukas 1988; Hill
and Frederick 1997) and significance of this resource for population dynamics have been
clcarly established (Shimada 2002; Gauthier ct al. 2005; Tombre ct al. 2005). However,
individuals in our study wcre morc likely to be in contact with huntcrs when using
agricultural than natural habitats. Geesc were often observed feeding in marshes and shallow
water in natural habitats and this occurred throughout the day. The decision of geese to
minimize their predation risk (hunters’ encounters) might have consequences on individual
{oraging opportunities.

Herbivory in geese implics a high proportion of time devotcd to feceding (Frederick and
Klaas 1982; Giroux and Bedard 1990; Ely 1992; Gawlik and Slack 1996). Although natural
habitats provide green vegcetation that is Icss digestible than spilled grains (McDonald 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 reserves during a long
staging period. Moreover, the distance to the wintering grounds in northcastern United States
is relatively short (=250-400 km) and contrary to the prenuptial period, encrgy rescrves may
not nced to be maintained at the maximum level during winter (Witter and Cuthill 1993).

Undisturbed feeding sites providing abundant food can also be found in urban habitats
(Conover and Kania 1991). Although nuisance problems in southern Qucbec arc currently
limited (J. Rodriguc, unpubl. data), the preferential use of this habitat may gencrate increased
conflicts with human intcrests considering that the current limited effect of hunting is not
likely to restrain further increase of the population sizc. Morcover, considering that hatching
year 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 success,
improve juvenile survival, and ultimatcly increase recruitment.

Management plans should be developed to reducc potential human-goosc conflicts
while preserving optimal value of this resource. It has been demonstrated that sport harvest
can sometimes be efficient in controlling populations when specific rcgulations arc
established at a regional scale (Bregnballe et al. 2004). We have shown that residence time of
resident Canada geese during the hunting period was long and extended until late fall, which
should provide opportunitics for some harvest. However, urban sprawl has affected hunting
activities in suburbs, which currently limits the use of hunting as a management mcasure.
Innovative regulations should be implemented to liberalize fircarm discharge in well
delimited arcas and during restricted periods to increase the opportunities of harvesting
resident Canada geese. As an example, high harvest rate was favored in Massachusetts during
spceial hunting seasons in traditional sites as well as in atypical sites such as golf courscs
(Heusmann 1999). Waterfowlers’ participation to the special early scason for Canada geese
in southern Quebcc is currently unknown and their contribution to the harvest of resident
birds needs to be estimated.

Conversely, we showed that migrant Canada geese were oftcn mixed with resident
birds when staging in southern Qucbec. Precaution must thus be taken to protcet less
abundant or more vulnerable populations when drafting management plans (Hindman and

Ferrigno 1990; Atlantic Flyway Council 1999). Difference in hunting vulnerability between
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migrant and resident geese is likely to vary with regions, time of year, and the period that
geese remained in the area (Leafloor ct al. 1996; Lindberg and Malecki 1994; Schultz et al.
1988). We do not know whether migrant Canada geesc and resident geese returning from
their molt migration use the same habitats than the local rcsident geese tracked in this study.
Resident geese that breed or molt in southern Quebec reached the low hunting pressure arca
before the arrival of northern populations and this may affect site selection by late arriving
birds. While brceders from Ungava peninsula leave their summer sites in late September
(Malccki ct al. 2001), migration chronology of northern molting resident geesc is unknown.
The usc of morphological and isotope analyses to establish the proportion of differcnt
populations in the harvest could help to refinc management plans (Beaumont 2006). In
addition, alternative control stratcgics that consider the bchavioral ccology of the specics

must be developed and evaluated in relation with their effects on population dynamics.
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Table 1. Hatching, molting, and migration chronology of radio-collared resident Canada
gcese marked near Montreal, Qucbec, 2004.

Event n Median datc Range
Hatching 23 20 May 11 May — 12 Junc
Post-molting dispersal 21 16 August 7 August — 11 Sceptember

Migration departure 23 3 Dceember 9 October — 19 Dccember
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Table 2. Model sclection of rcgional movements of resident Canada gecse near Montreal,
Quebec, 2004, AAIC,, AIC ., and number of parametcrs (k) of thc multi-statc modcls arc
presented.

Model k AAIC, AlC.w
('Pz"lh pl’c th"‘t 54 0 056
(Dzl1°ll1 Dive Yahx 52 0.49 0.44

Model notation: ¢ = apparent survival; p = detcction probability; y = movement probability;
z = zonc (East, Central, West); ¢ = time; ¢ = collar type; A refers to models where ¢ or y is
time or spatial dependant in relation to hunting (Sce results).
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CONCLUSION GENERALE

Afin de raffiner la gestion de la bernache du Canada dans la voic migratoirc dc
I’Atlantique, nous avons produit unc méthode d’identification de populations en utilisant la
morphométrie ainsi que lcs isotopes stables. Dans un premicr temps, il est possible
d’identificr la population source de bernaches capturées sur les sites estivaux. Puisque les
statuts sont ¢tablis a partir de ccs populations, 1] est essentiel de bicn caractériser les oiscaux
lors des opérations de baguage. Dans un dcuxiéme tecmps, il sera possible d’cstimer la
contribution spatio-temporclle de chacune des populations & la récolic automnale.
Ultimement, les modalités de chasse pourront étre optimalisées afin d’attcindre les objectifs
fix¢és par Ics 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 1lcs dc Varennes
utilisent une zone refuge afin de sc soustraire aux activités dc chasse. Nous avons ainsi
montr¢ le role potenticl limité des activités cynégétiques afin de controler la croissance de
cctte population. Nous avons également quantifi¢ I'utilisation des habitats utilisés par les
individus et ce, en relation avee la chasse. Afin de limiter les problémes vécus dans d’autres
régions de la voie migratoire, nous suggérons que la chasse demcure un outil privilégié¢ mais

quec des stratégics altcrnatives soient adoptées.

Gestion de la bernache du Canada dans la voie migratoire de 'Atlantique

Au cours des années 1990, la gestion dc la bernache du Canada a subi des modifications
importantcs. Puisqu’il subsisie unc hétérogéncéité de populations sur les sites d’hivemage, les
inventaircs sont maintcnant 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 présence de migrateurs de muc de la sous-espéce résidentc (B. ¢. maxima)
sur les sites de nidification de la sous-espéce migratrice (B. ¢. interior). En comparant la
morphométric de différents échantillons d’oisecaux capturés dans la péninsule d’Ungava
(référant & la sous-cspéce migratrice), nous avons pu révéler une contamination de ces
¢chantillons par la présence de bernaches résidentes cn mue. Chez la bernache du Canada, le

phénoméne de migration de mue d’individus non-nicheurs est traditionnellement obscrvé a
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travers I’Amérique du Nord (Abraham ef al. 1999; Davis 1985; Hanson 1965; Krohn 1979;
Kuyt 1962; Lawrence 1998; Salomonsen [968; Sterling 1967; Tacha [991; Zicus 1981a,
1981b). Cependant, dans la péninsule d’Ungava, I'ampleur actuelle de ce phénoménc n’a pas
été ¢tudiée. Etant donné que dans lc sud de la voie migratoire, les conflits causés par la
surabondancc des bernaches résidentes engendrent une intensification des programmes de
destruction des nids, le phénoméne de migration de muc deviendra de plus en plus important.
En plus de complexifier I"'aménagement des populations subarctiques, I'augmentation dc la
présence de migrateurs de muc dans la péninsule d’Ungava peut résulter en un accroissement
du niveau de compétition entre ccs populations sympatriques (Abraham ef al. 1999).
Advenant unc modification des taux dc survie ou de recrutement découlant de cc contexte
¢écologique particulier, la mdcthode de caractérisation des populations quc nous avons
dévcloppée améliorera estimation des différents paramétres démographiques.

Lors dc la migration d’automne, les chasscurs du sud du Québee récoltent a la fois des
bernaches migratrices en provenance de la péninsule d’Ungava ct des bernaches résidentes
qui ont niché dans la région ou qui ont mué plus au nord. Bien quc ces différentes
populalions possédent des statuts distincts, lcurs taux dc récolte par la chassc demeurent
inconnus. Il sera maintenant possible de mieux estimer ces paramelres cn utilisant les
modeles quc nous avons produits, Avee unc cuquéte aléatoire et représcntative de I’ensemble
de la province, une analyse de la récolte serait réalisable de fagon spatiale cn considérant lcs
districts de chassc comme unité d’échantillonnage. Dans la voie migratoire du Pacifique,
certains états ont réparti des stations d’échantillonnage sur I’ensemble dc lcur territoire afin
de recucillir des données morphométrique sur les oiseaux récoltés par les chasseurs
(Subcommittce on Pacific population of western Canada geesc 2000). Selon les patrons
observés et les statuts des populations, les gestionnaires pcuvent, de ce fait, mieux gérer la
récolte a I’¢chelle régionale.

Nous avons montré que 'cmploi de la morphométric est sujet a divers biais; crrcur de
mesure ct identification du scxe erronée. Pour ce qui cst des ratios isotopiqucs, nous avons
obscrvé une hétérogénéité des valeurs moyennes pour différents sites d’échantillonnage
situés & des latitudes semblables (voir Appendice 1). Bien qu’il subsiste des variations dans
les signaturcs isotopiqucs des plumes de bernaches dans la voie migratoire, les modeles ont

¢té ¢laborés a Iaide d’échantillons représentatifs des régions ou I’on retrouvait les plus fortes
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densités d’individus. Néanmoins, afin d’améliorer le contrdle des taux de récolte ainst que
son influcnce sur la dynamique des populations, des politiqgues de gestion adaptatives
permettraient de développer des modéles considérant [’cffet des wvariations dc

I’environnement (Johnson 1999).

Stratégie pour le sud du Québec

Nos résultats montrent que les bernaches résidentes des iles de Varcnnes s¢journcnt
longtemps dans la région durant la chasse mais qu’elles sont concentrées dans lcs zonces ol la
décharge d’armes a feu est interdite. L’évitement des zoncs de chasse par les individus est un
comportement 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
donc en évidence ’importance des variables qui influencent les parameétres démographiques.

Sutherland (1996) suggére de lier lc comportcment animal a la dynamique decs
populations en développant des mod¢les basés sur la distribution idéale libre (Fretwell 1970).
[l s’agit de mettre en relation le comportement des individus et les cffets de densité-
dépendance dans le but de les associer a la démographic; les réponscs obscrvécs pouvant
¢galement étre combinées a des caractcres €cologiques, physiologiques ou génétiques. Afin
de comprendre comment certaines variables affccteni les paramétres démographiques, il est
nécessatre de quantifier en terme de colts ct bénéfices les décisions prises par des individus
identifiables (Lomnicki 1980, 1988). Dans Ic sud du Québec, de plus en plus dc bernaches
sont marquécs permetlant ainsi un cxamen plus approfondi des variations comportementales
entre Ics individus. Pour contrdler la croissance de cette population en augmentant les taux dec
mortalité, 'emploi de la modélisation en lien avec les activités cynégétiques s’avererait un
outil novateur.

Subséquemment, unc gestion intcrmiltente et spatio-temporellc des activités de chasse
pourrait &tre ¢tablie (refuge design; Bregnballc ef al. 2004). Des modifications aux modalités
de chasse pourraient étre apporiées dans e but d’influencer les patrons de mouvement des
oiscaux ct dc favoriser le succés des chasseurs. Bien qu’unc gestion encadrée de la chasse a
’échelle de la région métropolitaine dc Montréal pourrait étre envisagée, il serait complexe
de permettre cette activit¢ dans des endroits ou elle n’est pas traditionnellement pratiquée ou

dans dcs quartiers ol elle a récemment ¢té bannie; la chasse cn milieu périurbain demcurant
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une source de conflit fonctionnel ct social (Fédération québécoise de la faunc 2001). Des
stratégics alternatives dcvront donc étre adoptées ct il cst néeessaire de scnsibiliser la
communauté a la problématique de I’expansion de la bernache résidente. Pour cc faire, nous
devons expliquer le phénomene ainsi que les conflits engendrés ct les moycns dont nous
disposons afin dc réduire le risque quc cette population devicnne surabondantc
(Environncment Canada 20062, 2006b). Et, au-dela des implications purcment ¢conomiques,
la communauté devrait étre sensibilisée a la valeur philosophique ct globale de la préscnce de

cette faune afin de conserver son respect et son admiration.



APPENDICE |

SIGNATURES ISOTOPIQUES DES PLUMES PRIMAIRES RECOLTEES SUR DES
BERNACHES DU CANADA EN MUE

Dans le chapitre 1, nous avons présenté les signature isotopiqucs de 8° primaires
¢chantilionnéces lors des opérations de baguage a Varenncs ainsi que sur la cdtc Oucst ct Est
dc la péninsule d’Ungava. Des échantillons additionnels ont également été récoltés a I'usine
Dow Chemical (Québec, 45°43° N, 73°24” W) ct a la Baic Jamcs (Québec, 52°17° N, 76°30°
W). Ces échantillons ont été analysés conformément a la méthodologic décrite dans lc
chapitre 1 (voir p 11). Nos résultats montrent que les ratios isotopiquces contenus dans lcs
plumes des bernaches qui ont mu¢ a la Dow Chemical et a 1a Baic James sc distinguent dc
ccux des bernaches deVarennes ou de la péninsule d’Ungava.

Nous avons relevé une déplétion du *C pour les bernaches migratrices capturées a la
Baic-James sus lc réscrvoir hydroélectrique Opinaca (Fig. ). Montgomery ct al. (2000) ont
rapporté une différence entre les valcurs de 8"C trouvées dans e zooplancton des réservoirs
par rapport a celui des lacs. Suite & I’augmentation des niveaux d’eau dans les réscrvoirs, il y
a une augmentation de la maticre en suspension et, conséquemment, un accroisscment de la
respiration microbienne (Kelly e al. 1997). Lors de la séquestration du carbone, lcs
organismes autotrophes ont une préférence pour lc '*C, ot le ratio isotopique de leurs tissus
est plus faible que celui du CO; ambiant (Martinclli ef al. 1991). La rcspiration étant, pour sa
part, accompagnée d’un faible fractionnement isotopique, lc CO;, biogénique rclaché est donc
moins concentré en °C contribuant ainsi a la déplétion de cct isotope dans le milicu,

Dans le sud du Québec, des bernaches résidentes échantillonnées sur l¢ terrain de 1'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 I’eau issuc
des tours dc refroidissement de 'usine pétrochimique (Raymond Paquin, comm. Pers., Dow
Chemical). Lors de I’évaporation des molécules d’eau, les sels demeurent dans la tour ct sont
évacués par « Blowdown » cc qui rehausse Ics concentrations de sel dans les bassins ct altére

la biochimie de I’cnvironncment (Almeida ef al. 1989).
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Fig. 1. Valeurs moyennes (+SE) de 8N ct 8" °C 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 bernachces
migratriccs. Les symboles pleins indiquent les adultes alors quc les symboles avee une croix
indiquent les juvéniles. Les tailles d'échantillon sont présentécs cntre parenthése pour chaque
site cn ventilant les nombres d'adultes ct juvéniles, respeclivement.
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