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Abstract

Canada Goose (Branta canadensis) is the main waterfowl harvested by Cree hunters in James Bay. Environmental changes
that could affect the number, distribution, and migration patterns of geese have occurred along James Bay’s east coast in the
last 50 years, including isostatic rebound, climate warming, and hydroelectric development. We determined the spring and
fall distribution of Canada Geese along the James Bay east coast in 2018 and identified habitats associated with the greatest
goose densities. We conducted four helicopter surveys between Waskaganish and Chisasibi, two each during spring and fall.
The main goose concentrations were between Eastmain and Wemindji in both seasons. In spring, goose densities increased
with the percentage of salt marshes whereas in fall, the highest densities were in areas with the greatest proportion of tidal
flats and turbid water. We did not find any relationships between Common Eelgrass (Zostera marina L.) beds and the dis-
tribution of Canada Geese although it was an important habitat for geese in the 1970s. Our observations are consistent with
surveys conducted in the 1990s that found limited use of eelgrass beds by migrating geese. This suggests that geese may be
using alternative habitats during migration following the decline of eelgrass beds reported by Cree land users and confirmed
by ground surveys and remote sensing. Changes in distribution and habitat use of goose flocks along the James Bay east coast
are probably a consequence of habitat changes, natural and human disturbances, and the increasing number of moult migrant
temperate breeding Canada Goose (Branta canadensis maxima).

Key words: Aerial surveys; Branta canadensis; disturbance; Common Eelgrass; Eeyou Istchee; habitat use; James Bay;
migration; Traditional Ecological Knowledge

Résumé

La Bernache du Canada (Branta canadensis) est la principale espéce de sauvagine récoltée par les chasseurs Cris de la Baie
James. L’abondance, la distribution et les mouvements migratoires des bernaches ont certainement été affectés par les nom-
breux changements environnementaux qu’a connus la Baie James au cours des 50 derniéres années, incluant I’ajustement
isostatique, les changements climatiques et les développements hydroélectriques. Nous avons déterminé la distribution des
bernaches du Canada le long de la cote est de la Baie James en 2018 et identifié les habitats associés avec les plus grandes
densités de bernaches. Pour cela, nous avons mené quatre inventaires aériens entre Waskaganish et Chisasibi, deux au prin-
temps et deux en automne. Au printemps, la densité des bernaches augmentait avec la proportion de marais salés alors qu’en
automne, nous avons trouvé les plus grandes densités de bernaches dans les sections avec les plus grandes proportions de
vasieres et d’eaux turbides. Nous n’avons pas pu établir de relation entre les herbiers marins (Zostera marina L.) et la distri-
bution des bernaches bien qu’ils aient constitué un habitat important pour les bernaches dans les années 1970. Nos observa-
tions sont cohérentes avec les inventaires menés dans les années 1990 qui ont permis de documenter une utilisation limitée
des herbiers marins par les bernaches en migration. Cela suggére que les bernaches utilisent des habitats alternatifs au cours
de leur migration depuis le déclin des herbiers marins rapporté par les communautés Cries et confirmé par des inventaires ter-
restres et la télédétection. Ces changements dans la distribution et Iutilisation des habitats par les bernaches du Canada sur la
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cote est de la Baie James sont probablement une conséquence de la modification des habitats, des perturbations humaines et
naturelles, ainsi que du nombre croissant de bernaches résidentes (Branta canadensis maxima) en migration de mue.

Mots clés : Inventaires aériens; Branta canadensis; perturbation; Zostére; Eeyou Istchee; utilisation des habitats; Baie James;

migration; Savoir traditionnel

Introduction

Canada Goose (Branta canadensis) is one of the
main waterfowl species harvested by Cree hunters
along the James Bay coasts and has been part of their
subsistence hunting for centuries (Prevett ef al. 1983;
Berkes et al. 1994). The traditional annual spring
goose break is important socially and culturally for
all coastal communities in Eeyou Istchee, the East-
ern James Bay Cree territory (Royer and Herrmann
2013). Canada Geese harvested along the James Bay
east coast belong to two subspecies and four popula-
tions (Giroux et al. 2022). These include the Atlan-
tic Population composed of Branta canadensis inte-
rior that breeds in northern Quebec with the largest
concentrations on the Ungava Peninsula and win-
ters along the Atlantic coast of the United States. The
Southern Hudson Bay Population is also composed
of B. c. interior that breeds in southwestern James
Bay (Ontario) and southern Hudson Bay (Ontario and
Manitoba) and winters in the Midwest states of the
United States. The harvest includes temperate breed-
ing geese (Branta canadensis maxima), including
individuals from the Atlantic Flyway Resident Pop-
ulation and the Mississippi Flyway Giant Population.
Geese from the three latter populations are harvested
by Cree hunters as they undertake a moult migration
to northern Quebec, most likely after nesting failure
(Sorais et al. 2023). The B. c. interior and B. c. max-
ima subspecies are referred to as short-necked and
long-necked geese by Cree hunters, respectively.

Cree land users have reported that fewer short-
necked geese migrate along the James Bay east coast
compared to the 1980s (Royer and Herrmann 2013;
Idrobo et al. 2024). They also observed that the fall
distribution of geese was less predictable now than in
the 1980s when the birds were moving between the
coast where they fed on Common Eelgrass (Zostera
marina L.) and the adjacent tundra where they for-
aged for berries (Idrobo et al. 2024). The distribu-
tion of waterfowl along the east coast of James Bay
was assessed in the early 1970s before hydroelectric
development in Eeyou Istchee through a series of aer-
ial surveys conducted by the Canadian Wildlife Ser-
vice (Curtis and Allen 1976). In spring, sub-arctic
breeding Canada Geese were found wherever there
was open water with concentrations in all major bays
along the entire east coast. In fall, the greatest num-
bers of Canada Geese were found north of Wemindji
where they were reported to feed extensively on eel-
grass beds (Curtis and Allen 1976). In the 1990s,

Reed et al. (1996) conducted aerial and ground sur-
veys along the northeast part of James Bay after com-
pletion of the first phase of the hydroelectric complex
on La Grande River, which drains into James Bay.
They found that sub-arctic breeding Canada Geese
were feeding on different plant species including ber-
ries during their fall migration but made limited use
of eelgrass beds.

Several environmental changes that occurred
since the 1970s along the James Bay east coast might
have affected the abundance and distribution of short-
necked geese in the area. One noteworthy change
observed by Cree land users (Peloquin and Berkes
2009; Dickey 2015; Idrobo et al. 2024) and confirmed
by ground surveys (Leblanc ef al. 2022) and remote
sensing (Clyne et al. 2024) is the decline of eelgrass
in subtidal meadows in the late 1980s and 1990s. This
decline may have resulted from several environmen-
tal stressors including the development of hydroelec-
tricity in Quebec’s boreal region and ongoing climate
change (Leblanc et al. 2022). Using satellite imag-
ery from 1985 and 2020, Olatunji (2022) found an
increase of deciduous forests, shrub fens, and shrub
swamps that is likely related to the greening of sub-
arctic regions of northern Canada (Davis ef al. 2021;
Leipe and Carey 2021). Also, isostatic rebound esti-
mated at 10-12 mm/yr in James Bay (Henton et al.
2006) has resulted in a coastal raise of ~35-42 cm in
the last 35 years. During this period, the area of tidal
flats declined while those of salt marshes and fresh-
water wetlands increased (Olatunji 2022). In addition,
it is estimated that several hundred thousand temper-
ate breeding Canada Geese are now crossing James
Bay during their moult migration (Sorais ef al. 2023).
This may also influence the distribution and habitat
use of sub-arctic breeding geese during fall because
their migration along the James Bay coast overlaps
(Sorais et al. 2023) and competition between the two
subspecies could occur (Ankney 1996; Abraham et al.
1999; Sheaffer et al. 2007; Luukkonen et al. 2008).
In spring, short-necked geese (B. c. interior) migrate
through James Bay before the long-necked geese (B.
c. maxima; Sorais et al. 2023).

The objectives of our 2018 study were to use aerial
surveys to update our knowledge of the distribution
and habitat use of Canada Geese in Eastern James Bay
during their spring and fall migration. Specifically,
we assessed the density of geese along the James Bay
east coast during migrations. Second, we determined
how habitat composition influenced goose density on
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coastal habitats such as salt marshes, tidal flats, and
eelgrass beds.

Methods

Study area

Our study took place in Eeyou Istchee, the terri-
tory of the Cree Nation in Quebec’s boreal region.
The territory covers ~400000 km? and includes
lands on the eastern shore of James Bay and south-
eastern Hudson Bay, as well as the lakes and rivers
that drain into them. It is divided into formally rec-
ognized family hunting territories, referred to as tra-
plines, the use of which is supervised by a tallyman
designated by family members. Cree land user inter-
ests, including those of tallymen, are represented
at the local and regional level by the Cree Trappers
Association. We conducted aerial surveys along ~250
km of coast from Waskaganish to Chisasibi (Figure
1). The coast is highly sinuous with numerous bays,
points, and peninsulas fringed by numerous islands,
islets, and reefs (Dignard ef al. 1991). The area is gen-
erally low, alternating between flat, gradually sloping
shorelines and rockier, hilly shores. Subtidal mead-
ows are characterized by Common Eelgrass beds that
vary in density and biomass in time and space (Lalu-
miére ef al. 1994; Leblanc ef al. 2022). Vast stretches
of mud and sand tidal flats are found on the mainland
shore with salt marshes occurring inshore. Islands
and exposed points are usually covered by heath with
lichens and ericaceous shrubs. White Spruce (Picea
glauca (Moench) Voss) is the dominant species on the
coastline, replaced by Black Spruce (Picea mariana
(Miller) Britton, Sterns & Poggenburgh) in interior
forests (Dignard et al. 1991).

Aerial surveys

We conducted two aerial surveys during each
of the spring and fall migration of Canada Geese in
2018. We used a Eurocopter AStar 350 helicopter
(Airbus Helicopter, Marignane, France) flying from
south to north ~100 m above ground along the coast-
line. We focussed mainly on the shoreline and esti-
mated a maximum width of our observation corridor
to be ~500 m on each side of the flight path. Each
survey was completed during a single day with low
to moderate winds and clear conditions. The spring
surveys were 3.6 hr (6 May) and 3.8 hr (13 May) in
duration, and occurred between 8 am and 3 pm at an
average speed of 140 km/hr. The fall surveys were
5.9 hr (16 September) and 6.2 hr (23 September), and
occurred between 7 am and 7 pm at an average speed
of 100 km/hr. A few traplines were not surveyed to
respect the will of tallymen who were concerned that
the helicopter would disturb the geese and conse-
quently their hunting activities. Hence, the number of
traplines and distance travelled by helicopter varied
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among surveys. The same pilot, principal observer,
and navigator flew on the four surveys although there
was a different second observer assistant from the
Cree community for each survey. We recorded the
location of the helicopter when a flock of Canada
Geese was detected regardless of the distance from
the flight path and recorded the number of individu-
als using the software Avenza Map (Avenza Systems
Inc., Toronto, Ontario, Canada) on a tablet computer.
The helicopter followed a straight flight path with-
out circling above flocks to avoid disturbing hunting
activities. We recorded the flight path of each survey
(Figure 1) using a global positioning system (GPS)
device. We calculated a goose density index as the
number of geese counted in a section of coast divided
by the length of the flight path in km within the sec-
tion.

Habitat mapping

We produced a 15-m resolution habitat map of the
east coast of James Bay by classifying a combination
of optical and synthetic-aperture radar (SAR) satel-
lite imagery. We acquired optical imagery from the
US Landsat-8 Operational Land Imager satellite and
SAR imagery from the European Sentinel-1B satel-
lite in 2017, 2018, and 2020 for spring, summer, and
fall to consider the phenological stages of the vegeta-
tion (Tables S1, S2). The detailed procedure for image
classification can be found in Clyne et al. (2021) and
Sorais et al. (2023). Briefly, we re-projected Land-
sat-8 and Sentinel-1 raw images to a 15-m pixel res-
olution using the Pansharpening module of PCI Geo-
matica Banff (PCI, Ontario, Canada). We used the
“randomForest” package in R software (version
4.3.3; R Development Core Team 2021) for applying
Random Forests to the images, a non-parametric deci-
sion tree type supervised classifier that requires delin-
eation of training areas (Breiman 2001). A total of 555
randomly distributed training polygons of 23 classes
were delineated from photointerpretation of high spa-
tial resolution (32 to 65-cm pixel size) optical satellite
images obtained from the ArcGIS archive (Figures
S1-S10). The photointerpretation was also guided by
pictures taken in the field by A.L. in 2019 (Figures
S1-S10). We further processed the resulting classified
images with ArcGIS Pro (ESRI, California, USA) to
produce a map with 15 habitat types of which 10 were
considered to have potential to explain the density of
Canada Geese based on Cree traditional knowledge
(Dickey 2015) and field observations of Dignard et al.
(1991) and Reed et al. (1996; Table 1).

Modelling goose density

We wanted to determine if goose density was
influenced by the habitats on the coast. Because geese
can move a few km between their resting and feeding
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F1GURE 1. Helicopter flight paths (dark green line) during the aerial surveys along the James Bay east coast in spring (a: 6
May, b: 13 May) and fall 2018 (c: 16 September, d: 23 September). Traplines are delimited by grey lines.
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TaBLE 1. Characteristics of 10 habitats used to establish relationships with the density of Canada Geese (Branta canadensis)
surveyed along the James Bay east coast. Photos and satellite images of each habitat are shown in Figures S1-S10.

Habitat

Description

References

Eelgrass bed (Figure S1)

Vegetation submerged in coastal shallow water dominated by

Dignard et al. (1991);

Common Eelgrass (Zostera marina L.). Other plants like Ruppia Dickey (2015)
spp. and Potamogeton spp. are also reported. Use by Canada
Geese as a feeding habitat during fall and spring when ice-free.

Turbid water (Figure S2)

Turbid open water often observed in river estuaries with

Clyne et al. (2021)

important amount of transported mineral and organic particles.
The presence of submerged vegetation remains undetected.
Potential use by Canada Geese as feeding habitat.

Shallow water (Figure S3)

Open water with a depth <3 m. Vegetation can be found at the
surface of inland bodies of shallow water. Use by Canada Geese

Dignard et al. (1991);
Sorais et al. (2023)

as a resting habitat during fall and spring when ice-free.

Tidal flat (Figure S4)

Unvegetated habitat located between minimum and maximum
limits of sea level consisting of mud and sand. Use by Canada

Dignard et al. (1991);
Sorais et al. (2023)

Geese as a resting habitat during fall and spring when ice-free.

Cobble beach (Figure S5)

Unvegetated habitat located in the upper part of the foreshore
consisting mainly of coarse rocks. Use by Canada Geese as a

Dignard et al. (1991);
Sorais et al. (2023)

resting habitat during fall and spring when ice-free.

Salt marsh (Figure S6)

Coastal wetlands dominated by low-lying vegetation including
Chafty Sedge (Carex paleacea Schreber ex Wahlenberg), Four-

Dignard et al. (1991);
Reed et al. (1996)

leaved Mare’s Tail (Hippuris tetraphylla L. f.), Needle Spikerush
(Eleocharis acicularis (L.) Roemer & Schultes), and Marsh
Arrowgrass (Triglochin palustris L.). This habitat is periodically
flooded by saltwater. Use by Canada Geese as a feeding habitat

during spring and fall.

Freshwater wetland (marsh,
open fen, string fen; Figure

Freshwater marshes dominated by low-lying vegetation such as
Carex spp., open fen with Carex spp., and moss permanently

Dignard et al. (1991)

S7) saturated with stagnant freshwater, and string fen characterized
by an alternance of elevated ground strings and narrow
depressions. Potential use by Canada Geese as feeding habitat but

data are limited.
Tundra (Figure S8)

Heath habitat covered by low-lying vegetation, including Black
Crowberry (Empetrum nigrum L.) and Mountain Cranberry

Dignard et al. (1991);
Reed et al. (1996)

(Vaccinium vitis-idaea L.), associated with subarctic vegetation
such as lichens, mosses, herbaceous plants, and shrubs. This
habitat is found along the coast above the high-water limits and
further inland in the northern part of the study area. Use by Canada
Geese as a feeding habitat in fall and to a lesser extent in spring.

Deep water (Figure S9)

Open water with a depth >3 m without vegetation. Potential use Dignard et al. (1991)

by Canada Geese as resting habitat during fall and spring when

ice-free.

Peatland (open bog, muskeg; Wetland dominated by low-lying vegetation, mainly moss,
growing on an organic soil. Potential use by Canada Geese.

Figure S10)

Sorais et al. (2023)

areas during the day, we wanted to characterize the
habitats found in the vicinity of goose observations
(i.e., geese were observed at a maximum of 500 m
from the helicopter). We assessed the relationship
between goose density and habitat coverage using
two approaches based on different types of sampling
units. The first approach was based on trapline limits
because this was relevant for resource management
in the coastal communities. Because traplines repre-
sent inland geographic entities and we were interested
in coastal habitats, we extended trapline limits into
the bay following the latitude at the junction between
two traplines (Figure 2a,b). For each survey, we set

longitudinal limits of trapline sections at 5 km on each
side of the flight path. We calculated goose density
within each trapline section, as well as the proportion
of the 10 potential habitats for geese such as Common
Eelgrass beds, tidal flats, and salt marshes (Table 1).
The second approach was based on smaller sam-
pling units that maximized variation in goose density
and increased sample sizes (Figure 2c¢,d). To estab-
lish these sampling units, we first created a 1-km wide
buffer on each side of the flight path. We then sec-
tioned these buffers every 2 km along the latitudinal
axis (south to north). We selected this section length
because it maximized the coefficient of variation of
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Sampling unit: Trapline sections
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FIGURE 2. Illustration of the two types of sampling units used to study the relationship between Canada Goose (Branta
canadensis) density and habitats: trapline sections (a, b) and 2-km long sections (c, d). a. A 5-km buffer was delimited on
each side of the helicopter flight path and divided into sections following trapline limits that were extended towards the bay.
b. Example with the 23 September 2018 goose survey for trapline VC30 and the eelgrass habitat: flight distance = 6941 m; n
observed geese = 1055; goose density = 152 geese/km; percentage of the section covered by eelgrass beds =0.2 %. c. A 1-km
buffer was delimited on each side of the same helicopter flight path and divided into sections every 2 km following the lati-
tudinal axis. d. Example for the highlighted section: flight distance = 24501 m; n observed geese = 775; goose density = 300
geese/km; percentage of the section covered by eelgrass beds = 0.5 %. Note: these sampling units were used to characterize
goose density and the habitats in the vicinity of goose observations. As such, the buffers were established to create trapline
sections and 2—km long sections extended beyond the 500-m maximum observation corridor on either side of the helicopter.
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goose density among sections when comparing sec-
tion lengths ranging from 2 to 50 km (Figure S11). We
therefore used these 2-km long sections to assess the
association between goose density and the proportion
of the habitats within each section.

Using these two different sets of sampling units
allowed us to analyze goose density variation at a
coarse scale (i.e., traplines sections) and finer scale
(i.e., 2-km long sections). Because the helicopter fol-
lowed the coastline as much as possible during each
survey, we considered the longitudinal variation
between the flight paths to be negligible (Figure 1).
However, the length of the flight path differed between
surveys based on the number of traplines that we were
authorized to fly over at the time. As such, for calcu-
lating the Pearson correlation of goose density in tra-
plines between two different surveys, we only consid-
ered traplines that we flew during both surveys.

We assessed the relationship between goose den-
sity and habitat composition for each survey at the
scale of traplines and 2-km long sections. Sam-
ple sizes varied among analyses because not all tra-
plines or 2-km long sections were covered during
the four surveys. At the trapline scale, we fit mul-
tiple linear regressions models to explain the log
transformed goose density, i.e., log(density + 1), as
a function of the proportion of each potential habi-
tat in the trapline. Using the 2-km long sections, we
used two approaches to analyze goose density. Geese
were absent in 35-80% of sections according to sur-
veys, which skewed the goose density distribution
towards maximum values similar to a Poisson dis-
tribution. However, because we wanted to be able
to analyze this absence/presence phenomenon, we
decided to analyze the presence/absence in sections
and the density in occupied sections with geese sep-
arately. Hence, we first fit logistic regression models
to explain the presence/absence of geese as a function
of the proportion of the different habitats in each sec-
tion. Next, we used the subset of sections where geese
were present and fitted a multiple regression model to
explain the log-transformed goose density as a func-
tion of the proportion of each habitat. For each mod-
elling procedure, we determined the best model using
a stepwise approach by testing model performance
that maximized R ensuring that predicting vari-
ables included in a model were not strongly corre-
lated (Pearson correlation coefficient < 0.6). We ver-
ified homoscedasticity and normality of residuals by
performing visual diagnosis. We performed statistical
analyses using R software (version 4.3.3; R Develop-
ment Core Team 2021). We used the “ggplot2” pack-
age to create graphic representations. We used Arc-
GIS Pro (ESRI, California, USA) and QGIS 3.34
Prizren (QGIS 2023) for mapping.
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Results

Our first spring survey (6 May) occurred before
the peak migration of Canada Geese in James Bay as
shown by the low number of geese counted (n = 815)
compared to the number tallied one week later (n =
11332 on 13 May). We saw no major concentration
of geese during the first survey, but we recorded the
greatest densities between Eastmain and Wemindji
during the second (Figure 3). We found no correlation
in goose density calculated within traplines between
the first and second survey (Pearson 7,5 = 0.22; P =
0.40). The presence/absence of geese in 2-km long
sections was not significantly influenced by the pro-
portion of any habitat for both surveys. Moreover, we
did not find any relationship between goose density
estimated during the first survey and habitat compo-
sition using either traplines or 2-km long sections.
For the second spring survey, however, goose density
increased with the percentage of salt marshes in tra-
plines (F, ;s =8,37; R?=0.32; P =0.01) and in 2-km
long sections (F, 5, = 10.27; R?=0.15; P < 0.01; Fig-
ure 4).

The fall surveys were better synchronised with the
Canada Goose migration with 8458 and 11057 birds
counted on 16 and 23 September, respectively (Figure
5). We saw the greatest densities in traplines just north
of Eastmain. There was a weak correlation in the den-
sity of geese between the two fall surveys (Pearson
ri; = 0.42; P = 0.07) indicating that some traplines
may have been more attractive for geese than oth-
ers, at least during the period when the two surveys
were conducted. However, neither the first fall survey
(Pearson 75 = —0.25; P =0.33) nor the second (Pear-
son 75 = —0.02; P = 0.93) correlated with the second
spring survey, in terms of density in traplines. The
presence/absence of geese in 2-km long sections was
not significantly influenced by the proportion of any
habitats during the two fall surveys. Goose density in
traplines increased significantly with the proportion
of turbid water (F,,, = 16.79; R* = 0.44; P < 0.01)
during the first survey and with the proportion of tidal
flats (F, ;s = 8.86; R?=0.29; P = 0.01) during the sec-
ond survey (Figure 4). In 2-km long sections, goose
density increased with the proportion of tidal flats and
turbid water during the first survey (F,, = 15.59; R?
= 0.27; P < 0.01). During the second survey, it also
increased with tidal flats but slightly decreased with
the proportion of freshwater wetlands (F,,; = 13.68;
R?=0.25; P <0.01; Figure 4).

Discussion

These surveys determined how Canada Geese
were distributed along the eastern coast of James
Bay in spring and fall 2018. Although we could not
distinguish between subspecies, most geese counted
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during the spring surveys in May were likely sub-arc-
tic breeding geese because temperate breeding geese
that migrate north to moult arrive in James Bay in
early June after our surveys (Sorais et al. 2023). In
fall, however, both subspecies migrate through the
area in September and can sometimes be found on
the same staging sites as shown by the simultane-
ous capture of the two subspecies in Boatswain Bay
near Waskaganish (Sorais et al. 2023). Hence, geese
counted in fall were most probably a mixture of the

two subspecies. However, several aspects of our
study prevented us from drawing general habitat use
patterns during goose migration. The spring of 2018
was late and characterized by extensive snow cover
persisting throughout northern Quebec, and in partic-
ular across the main breeding grounds of the Atlan-
tic Population of Canada Geese (Harvey et al. 2018).
Consequently, the annual production of juveniles was
nearly absent and the worst since 1997 (Lefebvre
and Orichefsky 2020). Our results therefore reflect
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FIGURE 4. Relationships between habitat composition and the density of Canada Geese (Branta canadensis) in traplines and
2-km long sections surveyed on a. 13 May, b. 16 September, and c. 23 September 2018.

conditions prevailing during a late spring and in pres-
ence of very few juveniles during the fall migration.
During both seasons, we saw the greatest concen-
trations of geese between Eastmain and Wemindji.
Unfortunately, our coverage of the coast was incom-
plete, especially in traplines north of Chisasibi. Nev-
ertheless, our surveys enabled us to highlight some
associations between goose density and different
coastal habitats.

In spring, the proportion of salt marshes in tra-
plines and in 2-km long sections was the only sig-
nificant predictor of Canada Goose density. While it
explained little variation in goose density (R*=0.15),
this result is consistent with the observations of Cur-
tis and Allen (1976) along the entire east coast and
Reed et al. (1996) in the northeastern portion of the
bay. The GPS tracking of temperate breeding geese

has also shown that moult migrants used salt marshes
when staging along the James Bay east coast in spring
(Sorais et al. 2023). Reed et al. (1996) reported that
Canada Geese consumed a wide variety of plants dur-
ing their spring migration including Chaffy Sedge
(Carex paleacea Schreber ex Wahlenberg), Nee-
dle Spikerush (Eleocharis acicularis (L.) Roemer &
Schultes), Four-leaved Mare’s Tail (Hippuris tetrap-
hylla L. f.), and Marsh Arrowgrass (Triglochin palus-
tris L.) found in salt marshes that are among the first
habitats to become available after ice melt in May.

In fall, the greatest goose densities occurred in
traplines and 2-km long sections that had a greater
proportion of tidal flats and turbid water. The use by
Canada Geese of tidal flats where vegetation wrack
accumulates was also reported by Curtis and Allen
(1976) and Reed et al. (1996). The latter suggested



266 THE CANADIAN FIELD-NATURALIST Vol. 138
| 79°W 78°W 79°W 78°W
a SAeea b e
- Chisasibi ’ Chisasibi
|
Veo1—— ¢
S Ve
VCOZ—]—> < A
A
'cos—
L—
vcoe’—\/— 1
VC09—— 7 VC09—22
z Ve10—+— = Wemindji i VC10;—i\Wemindji z
3 Vel ) VC1—S =) 3
ve12- VC12— D,
yeii=— ] VC13—— |
N \
vc17A\» 3 VC17 \
VC14—7— 1 _ VC14—r—=1_
VC15 VC15
VC30 \ VC30
VC31 VC31
vC32——~ Eastmain \VC32 , Eastmain
— (=
RE03A——) REO3A—+=
RE04—2—~ RE04—4~
=i RE05—45)7 i RE05——" Z
S Rol-=0 RO1 5
RO2—~ ) RO2
RO2A—=< RO2A-{— ¢
RO3 RO3—%g
Waskaganish Waskaganish
[=] [=]
T i T T T
Goose density in visited traplines (n/km)
vz40 2 11-25 W8 51-100
T 25 50 100 Ki
7110 MM 26-50 W >100 N PN e

FIGURE 5. Canada Goose (Branta canadensis) density (number of geese/km of helicopter path) in surveyed traplines on
a. 16 and b. 23 September 2018 along the James Bay east coast. Traplines surveyed are identified by their Cree Trappers’

Association number.

that the presence of geese in tidal flats was likely
due to their proximity to salt marshes where geese
were feeding. The lower portions of salt marshes
are dominated by Creeping Alkaligrass (Puccinellia
phryganodes (Trinius) Scribner & Merrill; Dignard
et al. 1991), a food item found in the stomach con-
tents of geese examined by Reed ef al. (1996). How-
ever, unlike in spring, we failed to find a relation-
ship between goose density and the proportion of salt
marshes in traplines or in 2-km long sections. This
could suggest that tidal flats are currently used for

resting more than for feeding during fall, thus reduc-
ing the importance of salt marshes.

The relationship between goose density in fall
and turbid water is not obvious. While this habitat
could be used by geese for resting, it may also sup-
port submerged vegetation that could not be detected
by remote sensing due to murky water. Indeed, eel-
grass has been observed by scuba divers at control
points in the turbid water habitat (Clyne et al. 2024).
However, we found no relationship between goose
density and the proportion of traplines or 2-km long
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sections covered by clearly identified eelgrass beds.
This contrasts with the observations of Curtis and
Allen (1976) who reported extensive use of eelgrass
by Canada Geese in fall in the early 1970s, which has
been widely corroborated by Cree hunters (Ettinger
et al. 1995; Peloquin and Berkes 2009; Dickey 2015;
Idrobo et al. 2024). However, our results are consis-
tent with those of Reed ef al. (1996) who reported no
eelgrass in stomach contents of Canada Geese sam-
pled in the 1990s in northeastern James Bay.

We did not find any association between goose
density and the tundra habitat that was previously
reported to provide food resource, such as berries
of blueberry (Vaccinium spp.) and Black Crowberry
(Empetrum nigrum L.; Reed et al. 1996). Cree land
users have reported a general decline of berry pro-
duction in Eeyou Istchee in recent years (Idrobo et al.
2024). Moreover, 2018 may have been a year of par-
ticularly poor production due to the very late spring.
Also, subarctic greening induced by climate warm-
ing has reduced the area covered by the tundra habi-
tat (Olatunji 2022).

Finally, we were not expecting a negative rela-
tionship between goose density and the proportion of
freshwater wetlands in 2-km long sections during the
second fall survey because Sorais et al. (2023) found
that moult migrants were commuting between inland
freshwater wetlands and coastal habitats. However, it
is possible that freshwater wetlands along the coast-
line, within 1 km on each side of the helicopter flight
path, were more exposed and less suitable for resting
and feeding than those further inland.

Conclusion

This study is a description of the distribution
of Canada Geese during their spring and fall 2018
migration in Eastern James Bay. It is a reference
point in the long-term monitoring of this waterfowl
species in a region where and on which local com-
munities strongly rely. Cree hunters of the coastal
communities partially attribute their reduced Can-
ada Goose harvest compared to the 1980s to the
fact that short-necked geese modified their habitat
use strategy (Idrobo et al. 2024). We wanted to bet-
ter understand the relationship between goose dis-
tribution and the different habitats available along
Eastern James Bay during spring and fall migration.
However, we found that habitat composition only
partly explains the density of Canada Geese along
James Bay east coast. Moreover, because we could
not explain the presence/absence of geese in tra-
plines nor in 2-km long sections suggests that their
distribution is driven by factors other than those we
considered. Several land users suggested that the
increasing presence of Bald Eagle (Haliaeetus leu-
cocephalus) and increasing use of helicopters for
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travelling to hunting camps are disturbances that
contribute to modifying the distribution of geese
along James Bay east coast (Idrobo et al. 2024).
Also, we did not consider how the distance from
human settlements or hunting pressure could factor
into explaining the presence/absence of geese along
the coast. Finally, the increasing number of moult-
migrant long-necked Canada Geese in this area since
the 1980s (Giroux et al. 2022) could affect habitat
use by short-necked geese. It is possible that when
using habitats with a diversity of food resources
during the fall migration, moult migrant temperate
geese act as decoys and attract subarctic breeding
geese to these habitats (Sorais ef al. 2023). Track-
ing of individual subarctic breeding geese, as has
occurred with temperate breeding geese (Sorais et
al. 2023), would help to better understand the dis-
tribution and habitat use by Canada Geese along the
James Bay east coast.
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F1GURE S1. Photo and satellite image of Common Eelgrass (Zostera marina L.).
FIGURE S2. Photo and satellite image of turbid water.

F1GURE S3. Photo and satellite image of shallow water.

F1GURE S4. Photo and satellite image of tidal flat.

F1GURE S5. Photo and satellite image of cobble beach.

F1GuURE S6. Photo and satellite image of salt marsh.

FiGure S7. Photo and satellite image of freshwater wetlands.

F1GURE S8. Photo and satellite image of tundra.

FI1GURE S9. Photo and satellite image of deep water.

Fi1GuURrE S10. Photo and satellite image of peatland.

Fi1GURE S11. Coefficient of variation of Canada Goose (Branta canadensis) density (number of geese/km of helicopter path)
calculated for increasing section length for each survey conducted in 2018 along the James Bay east coast.
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