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‘Abstract

We conducted aerial and ground surveys along the
northeast coast of James Bay, from the Au Castor River to
Point Louis-XIV, in 1990-92. Ducks were encountered in
abundance throughout the spring, summer, and fall.
Overall, 21 different duck species were recorded.

During fall and spring migration periods, the
American Black Duck Anas rubripes was the most
common dabbling duck, but appreciable numbers of
Green-winged Teal A. crecca, Mallard A. platyrhynchos,
Northern Pintail A. acura, and American Wigeon A.
americana were encountered frequently. American Black
Ducks, like the other dabbling ducks, used mainly
mud/sand tidal flats and low salt marshes. In fall,
American Black Ducks also used heathland, where they
fed on berries. Diving ducks, including Common
Mergansers Mergus merganser, Red-breasted Mergansers
M. serrator, Greater Scaup Aythya marila, Lesser Scaup
A. affinis, Surf Scoters Melanitta perspicillata, Black
Scoters M. nigra, White-winged Scoters M. fusca, and
Common Goldeneyes Bucephala clangula, were also
abundant; they were encountered most frequently in areas
of open water, over eelgrass Zostera marina beds, over
boulder-strewn tidal flats, and over mud/sand tidal flats.

* In early summer, many ducks assembled in large
premoult congregations. Common Goldeneyes and
American Black Ducks were especially abundant, the
former in eelgrass beds and the latter on mud/sand tidal
flats.

Twelve species were recorded breeding in coastal

habitats: American Black Duck, Mallard, Northern Pintail,
Green-winged Teal, American Wigeon, Greater and Lesser ~

scaups, Common Eider Somateria mollissima, Surf and
White-winged scoters, Red-breasted Merganser, and
Oldsquaw Clangula hyemalis. All nested in very low
density except Common Eiders, for which a nesting
population of >420 pairs was estimated. All Common
Eider nests were found on islands, mainly near the
shoreline in patches of sea lime-grass Elymus mollis or in
low shrubs; eider broods were raised mainly in areas of
open water or over boulder-strewn tidal flats.

During the wing moult in August, some American
Black Ducks and Common Goldeneyes remained in
coastal habitats, whereas others appeared to move
elsewhere for the flightless period, probably to inland

freshwater wetlands. Large flocks of flightiess Black
Scoters, Surf Scoters, White-winged Scoters, Common
Mergansers, and Red-breasted Mergansers were present in
open water areas near shoals around the outer islands,
where they fed on abundant moliuscs and other marine
organisms. Heathland ponds on the islands were also used
by some Green-winged Teal for moulting.

This abundant and diversified use of northeastern
James Bay by ducks is explained by the complex mosaic
of coastal habitats that occur along this irregular
shoreline. The presence of salt marshes, eelgrass beds,
mud/sand tidal flats, boulder-strewn shores fringed with
vegetation, open water areas, and heath-covered islands
offers a wide variety of conditions in which many species
of ducks can meet their needs for food and cover,
especially during migration and moulting.
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1. Introduction

The James Bay Energy Corporation initiated
habitat studiés of the northeast coast of James Bay in
1982. In 1989, the Canadian Wildlife Service joined the
James Bay Energy Corporation in the study of those
habitats and their use by waterfowl. This partnership
resulted in the publication of a report describing the
coastal habitats from the Au Castor River to Point
Louis-XIV (Dignard et al. 1991) and the undertaking of a
series of surveys and ecological observations from 1990
to 1994. The present report, intended to be the firstin a
series, describes duck use of coastal habitats. It will be
followed by others describing goose use of coastal
habitats and waterfowl use of freshwater wetlands on the
lowland coastal plain,

This area was chosen for study because of the
development of hydroelectric power on the La Grande
River, which flows into James Bay along its northeast
coast. Development began in 1973, and most generating
stations were operative by 1984 (Messier et al. 1986). The
main hydraulic effects on the coastline were a reduced

flow of fresh water into James Bay through the Eastmain

estuary (to the south of our study area) and a major
increase in flow through the La Grande River estuary
during winter (Messier et al. 1986). Given the magnitude
of the development project, there was a clear need to gain
an in-depth understanding of the ecological relationships
between the coastal habitats and migratory waterfowl in
that area.

Earlier studies had identified the east coast of
James Bay as an important area for waterfowl, particularly
during migration. Most of that information came from the
expeditions of W.E.C. Todd (Todd 1963) and T.H.
Manning (Manning 1952, 1981; Manning and Coates
1952; Manning and Macpherson 1952) and more recently
from studies by Bourget (1973), Curtis and Allen (1976),
Morrison and Gaston (1986), and Reed et al. (1990). That
work provided a good background on the individual -
species present, their relative abundance, and their
geographical distribution but (with the exception of the
study by Curtis and Allen {1976]) gave little information
on habitat use.

Many wildlife studies related to resource
exploitation have focused on comparing the-size of
postdevelopment populations with those present prior to
development. We did not take this approach for a variety
of reasons, including 1) the incompleteness of certain

earlier population assessments and 2) anticipated
difficulties in conducting complete and systematic surveys
(costs and, especially, restrictions on aerial and ground
survey work) during the peak months of waterfowl’
migration. Furthermore, it was felt that any changes in
numbers of birds would be difficult to link to events
occurring in James Bay rather than to events occurring
elsewhere along their extensive migratory routes.

Our approach was based on the premise that any
eventual impacts from development would result from
changes in habitats. We therefore focused primarily on
identifying habitats used by the different species of ducks
and showing how these habitats fulfilled their ecological
requirements during various stages of their life cycles.
This was facilitated by the existence of a detailed habitat
map (Dignard et al. 1991), which allowed us to associate
any given bird observation with a specific habitat, By
using a combination of field techniques (surveys,
behavioural observations, etc.), we sought to gain a sound
understanding of how the ecological requirements of the
various duck species were being met by the array of
coastal habitats in the area. This richer ecological data
base should allow more meaningful evaluations of the
importance of various wetlands or wetland complexes,
leading to more rational decisions regarding the protection
and management of waterfowl populations on James Bay
and elsewhere.




AN

2. Study area

In 1990, we focused on one sector, the Bay of
Many Islands, because of its wide range of habitats,
representative of the entire northeast coast of James Bay.
Subsequently, the study area was extended to include
Dead Duck Bay and an area from Point Attikuan north to
Point Louis-XIV, as well as an area around the mouth of
the La Grande River (Fig. 1).-

The following brief description of the coastal
habitats summarizes the work of Dignard et al. (1991), to
which readers are referred for detailed descriptions and a
map of the habitats as well as a list of plant species. The
northeast coast of James Bay is highly sinuous,
punctuated by numerous bays, points, and peninsulas and
fringed by many islands, islets, and reefs. There is a
frequent alternation between flat, gradually sloping
shorelines and rockier, hilly shores, but overall the area is
low, with little relief. Vast expanses of boreal forest are
found inland, but along the coast the vegetative cover is
typically subarctic, with sparse tre¢ cover and large
expanses of heathland. In the Bay of Many Islands, vast
stretches of mud/sand tidal flats are found on the shore of
the mainland. Salt marshes often occur inshore from these
flats. In protected bays along the coast and inshore from
the islands, where the substrate, slope, and salinity are
favourable, subtidal beds of eelgrass Zostera marina occur
(Lalumigre et al, 1994), Medium-sized and large islands
are often covered by heath, with lichens, ericaceous
shrubs, or black crowberry Empetrum nigrum dominating,
and usually dotted with small ponds. A narrow strip of
boulder-strewn shoreline fringed with sea lime-grass
Elymus mollis or scaly sedge Carex paleacea is often
found around the edges of these islands or along certain
sections of the mainland coast. Islets and reefs generally
have little vegetation.

The habitats to the south, in Dead Duck Bay, have
similar profiles and floristic characteristics. Point
Attikuan, to the north, has less extensive mud/sand tidal
flats and marshes; eelgrass beds and large expanses of
heath are present.

3. Methods

3.1 Data collection

During each of the three years of the study, we
made several visits to the study area in spring, summer,
and fall (Table 1). Aerial surveys were restricted to the
period between the beginning of June and mid-August to
avoid disturbance during the Crees’ traditional spring and
fall goose hunts (Reed 1991).

For this study, we considered 16 May to 13 June as
the spring migration period, 22 June to 14 August as the

. breeding and moulting period, and 10 September to 1

October as the fall migration period. The middle period
was further divided into the nesting and premoult period
(22 June to 8 July) and the brood-rearing and moulting
period (28 July to 14 August). The choice of these dates is
somewhat arbitrary because of intra- and interspecific

* differences in the phenology of migratory and

reproductive activities, but the dates chosen generally
demarcate periods when most species were migrating,
breeding, or moulting.

3.1.1 -Survey of nesting on islands

Nests were located by ground crews of 3-5
observers searching systematically over randomly selected
islands in five sectors of the coast (Fig. 1, Table 2).
Smaller islands were generally covered more thoroughly
than medium-sized and large ones. Access to the islands
was by freighter canoe, except in Dead Duck Bay, where a
helicopter was used. On the mainland and on islands
connected to it at low tide, systematic nest searches were
not conducted because of the presence of red foxes Vulpes
vulpes; in areas accessible to foxes, ducks generally nest
at low densities (Larson 1960; Quinlan and Lehnhausen
1982; Sargeant et al. 1984),

Nests were identified to species, usually by
identifying the ducks as they flushed from their nests,
although occasionally egg measurements and nest down
were used. The number of eggs in each nest was recorded,
along with a brief description of the habitat, following the
terminology of Dignard et al. (1991). Only nests
containing eggs were considered in the analyses, except
for Common Eiders Somateria mollissima in 1992, a year
of late nesting during which several well-formed, typical
nest basins were found containing no eggs.
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Figure 1
The northeast coast of James Bay, showing sectors surveyed in 1990, 1991, and 1992
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Table 1 -

Schedule of field activities on the northeast coast of James Bay, 1990-92

Field activities

Collection of
benthic organisms

. Behavioural ) or stomach
Year Survey period observations Nest counts Aerial surveys contents
1990 4-13 June ' v 4 }
25 June — 4 July 4 v
30 July — 8 August 4 v
20 September — 1 October v
1991 16-22 May ) 4 -
25 June — 2 July 4 v
5-14 August 4 v
10-16 September v 4
1992 22 June - 4 July
29 July - 1 August v
Table 2 : .
Sampling schedule for nest counts on islands off the northeast coast of James Bay, 1990-92
Area of sector Total no. of  No. of islands % of islands
Sector © Survey year sampled (km?) islands surveyed surveyed
Dead Duck Bay 1991 100 54 24 44.4 .
La Grande River 1992 160 98 36 36.7
Bay of Many Islands 1990 235 150 51 34.0
Point Attikuan - 1991 25 34 17 50.0
Point Louis-XIV 1992 160 112 58 51.8

% See Figure 1 for the location of survey sectors.

3.1.2 Aerial surveys

Aerial surveys were conducted in a Bell 206 L
helicopter, flying at a speed of 50-100 km/h and an
altitude of approximately 50 m, depending on the
topography and type of habitat. An observer in the

Jefthand front seat acted as navigator and counted and

identified the birds seen on the left side of the aircraft,
whereas an observer in the righthand back seat counted
birds on the right side. Usually an additional observer in

" the lefthand rear seat assisted the observer in the front.

Data were recorded on standard forms by the navigator or
the observer in the-left rear seat. The location of birds was
marked on a 1:50 000-scale map, and the species, sex (for
species with sexual dimorphism), and age (adult,
immature, etc.) were recorded. For broods, the number of
ducklings and their approximate age (using the classifica-
tion of Gollop and Marshall 1954) were recorded.
Three types of aerial surveys were conducted. In

1990, an 87-km transect following the coastline of the Bay

of Many Islands and passing over some of the islands was

flown on three different occasions — 6 and 28 June and 3

-August.(Fig. 2). This survey provided an initial assess-

ment of the use of broad groupings of habitats by ducks in
late spring and in summer. On 4 and 6 August of the same
year, four quadrats, each 25 km? (5 km x 5 km), were
thoroughly surveyed (Fig. 2); their locations were selected
arbitrarily to reflect an inland-to-offshore gradient in
habitat conditions in the Bay of Many Islands.

A third survey was carried out between 8 and 13
August 1991, covering 44 quadrats, each 4 km? (2 x 2
km). The quadrats were systematically distributed among
three sectors (Bay of Many Islands, Dead Duck Bay, and
Point Attikuan), allowing evaluation of both population

densities and habitat use by ducks in late summer. The
data were stratified by sector with the aim of increasing
the accuracy of population estimates (see Rutherford and
Hayes 1976).

3.1.3 Behavioural observations

At the start of fieldwork in 1990, eight sites, each
with a variety of habitats, were selected for behavioural
observations (Fig. 2). These observations were aimed at
establishing ecological links between ducks and their
habitats. At three sites, repeated scans were performed
every 30 or 45 minutes over six- or 12-hour periods. At
the other five sites, a single instantaneous scan was
carried out during each observation session (Table 3).

During each count, the location of all groups of
ducks observed was plotted on an acetate sheet overlaying
a 1:10 000-scale colour aerial photograph of the site; thus,
the behaviour observed could be associated with a specific
habitat. Simultaneously, the-number of individuals in each
group and their behaviour were recorded. The categories
of behavioural activity used in our analyses included
feeding, resting, flying, preening, vigilance, and social
interaction. The repeated scans were used to examine
habitat use in relation to time of day and tidal level. An
electronic planimeter was used to measure the area of
each habitat at each site.

3.1.4 Collection of benthic organisms and stomach
contents of moulting diving ducks

In shoal areas off the Bay of Many Islands in early
August 1991, 64 moulting diving ducks (mainly scoters,
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Flgure 2

Location of observation sites, survey quadrats, and survey transect in the Bay of Many Islands, 1990
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Melanitta spp.) were shot and their esophagi, proventricu-
li, and gizzards removed and preserved in 70% methanol
within 1-2 hours. The contents were later analyzed in the
laboratory. In 1991, samples of benthic organisms were
collected from the same shoals using a Ponar grab
sampler; in 1992, further samplcs were taken by scuba
divers.

3.1.5 Definitions

Under field conditions, it was not always possible
to identify certain ducks at the individual species level.
Thus, we have used the term “scaup” to refer to Greater
Scaup Aythya marila and/or Lesser Scaup A. affinis, to
designate both birds not identified to individual species as
well as groups containing both species. Similarly, the term
“mergansers” refers to Common Mergansers Mergus
merganser and/or Red-breasted Mergansers M. serrator,
and “scoters” refers to Black Scoters Melanitta nigra
and/or Surf Scoters M. perspicillata.

3.2  Data analyses
3.2.1 Nesting surveys on islands

We estimated nesting populations of each species
from the number of nests counted on surveyed islands,
using a stratified random sampling procedure (Cochran
1977:91), the strata being the five survey zones (Fig. 1).

This is the same approach used by Chapdelaine et al.
(1986) to estimate the Common Eider population in
Ungava Bay, Quebec,

All strata were not surveyed in the same year; we
estimated the combined population of the five sectors
assuming that in each sector the number and distribution
of nests did not vary importantly between years.

3.2.2 Aerial surveys

3.2.2.1 Aerial transect surveys (1990)

Aerial transect surveys were divided into 1-km-
long segments using the Universal Transverse Mercator
(UTM) grid. Because of the patchiness of the habitat and
the difficulty of associating a given bird (often seen in
flight) with a specific habitat, we recognized groupings of
two adjacent habitats, which we refer to as
“macrohabitats.” The four macrohabitats recognized were
marsh~tidal flat, eelgrass bed-tidal flat, heath-tidal flat,
and open water (Table 4).

The marsh~tidal flat macrohabitat is a section of
shoreline containing a marsh (either fresh or salt)
bordering on a mud/sand tidal flat and is found only along
the mainland coastline. The eelgrass bed-tidal flat
category includes dense or sparse eelgrass meadows and
adjacent boulder-strewn tidal flats, either on islands or on
the mainland, and mainly along the north shore of the Bay
of Many Islands. The heath-tidal flat macrohabitat
consists of Empetrum and lichen heath associated with
tidal flats and occurs, in the Bay of Many Islands,
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Table 3 ’
Schedule of behavioural observations at eight sites in the Bay of Many
Islands, 1990 and 1991

No, of

Site Year Date . Time?  counts
S01 1990 6, 8, 10 June 7:15, 9:13, 15:11 3
1 July 9:04 1

1 August 17:24 1

23 September 15:53 1

1991 19 May 12:15 1

S02 1990 © 6June 06:30-12:00 - 12
8 June 15:30-21:00 13

22 September 12:15-17:45 12

1991 28 June - 15:00-20:30 8

S03 1990 7 June 14:00-19:30 12
11 June 08:00-13:00 11

23 September 12:00-18:00 12

1991 20 May 09:30-15:30 13

505 1990 7,9, 12 June  12:25, 11:00, 10:25 3
- 30 June 12:24 1

1 August 19:29 1

) 23 September 13:50 1
S06 1950 7,10,12 June  11:42, 16:08, 10:53 3
30 June : 10:59 1

1 August 18:05 1

23 September 14:50 1

so7 1990 6,9, 12June 17:15, 11:58, 18:35 3
1 July 7:25 1

1 August 16:17 1

23 September 16:15 1

508 1990 8,10, 12 June 7:39, 13:28, 7:58 3
1 July 8:02 1

1 August 16:45 1

23 September 16:50 1

S 1991 12 September 12:00-18:00 13
13 September 07:30-12:30 11

4 Eastern Daylight Saving Time (EDT).

primarily on islands (Dignard et al. 1991). The last
macrohabitat, open water, includes mainly areas of marine
water below the low tide line as well as reefs and rocky
islands with little or no vegetation, but it excludes
eclgrass beds, tidal flats, marshes, and heath. Segments of
this macrohabitat were found mainly in the western and
southern parts of the Bay of Many Islands.

Although some freshwater habitats along the
mainland coast were covered during this survey, they were
not included in the present analysis.

3.2.2.2 Aerial surveys of quadrats

Aerial surveys of quadrats involved exhaustive
counts of ducks in all wetlands within 5 X 5 km (1990) or
2 x 2 km (1991) quadrats during the brood-rearing and
moulting periods. The survey technique is adapted from
that developed by Bordage (1987),

In 1990, four 5 x 5 km quadrats were surveyed to
examine densities of ducks in an inland-to-offshore
gradient in the Bay of Many Islands.

In 1991, 44 2 x 2 km quadrats were surveyed in
three sectors (strata): Point Attikuan, Bay of Many
Islands, and Dead Duck Bay (Fig. 3). We estimated
populations and standard errors using the method.
described by Cochran (1977:91). These estimates were
then expanded to densities per 100 km? by the formula
x 5 (x,) X 25, where X is the stratified mean and s (X,) is

the standard error of the stratified mean. We examined
habitat use by two methods. The first examined use by
groups of species and covered all three sectors, whereas
the second examined use on a species-by-species basis in
the Bay of Many Islands. In the first analysis, each 2 x 2
km quadrat was divided into 16 equal squares, and the
habitats in each square were identified (see Table 4). The
total values assigned to each habitat in the 16 squares in
each quadrat were calculated, and a percentage was
assigned to reflect the importance of each habitat:

No. of habitats -
present in a square

Value assigned
to each habitat

1 1.00
2 0.50
3 033
4 0.25
etc. ete.

Two data matrices were then generated:

1 Habitat-—quadrat matrix:

. _quadrat numbers on abscissa
e . types of habitats on ordinate
. shows the relative importance of a given

habitat in each survey quadrat.

2) Species—quadrat matrix:

. quadrat numbers on abscissa
s species on ordinate
. shows the abundance of a given species in

each survey quadrat.

A correspondence analysis (Benzécri and Benzécri 1980)
was performed on the data in the species—quadrat matrix.
This statistical method is used to measure the degree of
association between species and to identify the quadrats
and species that contribute most to data variability.
Following the recommendations of Legendre and
Legendre (1984), we also examined the intermediate
tables produced in the correspondence analysis. Quadrats
that contained no observations could not be used in the
analysis. Subsequently, Kendall's coefficient of rank
correlation was used to reveal associations between
species and habitats.

In the second analysis, observations made in the
Bay of Many Islands and recorded on a 1:50 000-scale
map were overlaid on the habitat map produced by
Dignard et al. (1991). For each species, the percentage of
the population surveyed occupying each habitat was
calculated. Each species’ habitat preferences were then
evaluated using Bonferroni’s method (Byers et al. 1984).
Preferences were calculated for species and habitats only

‘when np 2 5 for each habitat, where n is the number of

individuals observed and p the proportion of the habitat in
the sample.

Note that some of the innermost quadrats of this
survey covered some freshwater mainland habitats: thus,
exceptionally in this case, freshwater habitats have been
included in the analysis.

3.2.3 Behavioural observations

_ To determine whether habitats at ground stations
were selected or avoided, we compared the proportion of
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Table 4

Categories of macrohabitats used in analysis of aerial survey data
Aerial surveys '
Transect ) Quadrat : Description®

Marsh-tidal flat ~ Marsh—mud/sand tidal flat - Main habitats are freshwater an;i salt
marshes, mud/sand tida] flats, or a
combination of the above.

Eelgrass bed-tidal flat  Eelgrass bed Consists of eelgrass meadows with dense
OF SPArsSe Cover.
Boulder-strewn tidal flat or boulder-strewn  Encompasses tidal flats strewn with rocks
shore fringed with vegetation or boulders, boulder-strewn shoreline, and
rocky islets fringed with vegetation.

Heath-tidal flat Heath Encompasses both Empetrum and lichen
heaths. T
Offshore island Includes boulder-strewn tidal flats without

- shoreline or submerged vegetation and
barren rocky islands.

Open water - Open water Areas of open water around islands.
Freshwater habitats Freshwater lakes, ponds, marshes, and
bogs adjoining the coast.

@ Adapted from Dignard et al. (1991). _

the duck populations recorded in a given habitat with the
proportional availability of that habitat; statistical
inference followed Bonferroni’s method (Byers et

al. 1984) by examining the relationship between
proportional availability and the 95% confidence interval
of proportional use. If proportional availability falls below
the confidence interval of proportional use, the habitat is
‘considered to be’significantly preferred; if it falls above
the confidence interval, the habitat is significantly
avoided,; if it falls within the proportional use interval, the
habitat is considered to be used in proportion to its
availability (i.e., not significant at P = 0.05).

For abundant species at stations where repetitive
scans were conducted over several hours, graphs were
generated to show changes in habitat use for feeding and
for other activities in relation to time of day and tidal
level. Those data were compiled by species according to
habitat and behaviour, and bird numbers were expressed
in number of individuals per square kilometre.
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Figure 3 .
Location of quadrats surveyed in Point Attikuan, Bay of Many Islands, and Dead Duck Bay sectors
between 8 and 13 August 1991
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4. Results

4.1 Habitat use during migration’
4.1.1 Distribution by habitat

During an aerial survey towards the end of spring
migration (6 June 1990) in the Bay of Many Islands, 13
species of ducks were observed, distributed across four
macrohabitats (Fig. 4).

The American Black Duck Anas rubripes was the
most abundant species and was found mainly in two
macrohabitats: marsh-tidal flat and eelgrass bed-tidal flat.
Other species of dabbling ducks were far less abundant;
they also used macrohabitats containing tidal flats and
generally occupied exposed portions of the tidal flats or
portions covered by shallow water, Diving ducks were
generally observed in deeper water, often over flooded
tidal flats. Two of the most abundant diving ducks, the
White-winged Scoter Melanitta fusca and the Common
Eider, used open water areas, with the former also using
tidal flats associated with eelgrass beds and the latter, tidal
flats adjacent to heath (usually near offshore islands).
Tidal flats associated with eelgrass meadows were also
used by Surf and Black scoters, Common and Red-
breasted mergansers, and Common Goldeneye Bucephala
clangula; the mergansers also made considerable use of
tidal flats associated with salt marshes.

Observations at the Bay of Many Islands ground
stations provided additional information on habitats used
during the spring and fall migrations (Figs. 5-8, Tables
5-7). Among the dabbling ducks, only American Black
Ducks were observed in large numbers; in spring, the
largest numbers were associated with mud/sand tidal flats,
and their proportional abundance there was greater than
expected, based on surface area (Fig. 5). That preferential
use of mud/sand tidal flats was also statistically
significant at site S02 (Table 5) and SO3 (Table 6).
Occasionally, the lower salt marsh and a saltwater pond
were used in greater proportion than predicted by their
relative surface areas (Fig. 5, Table 6), whereas the high
salt marsh, open water areas, boulder-strewn shores, and
eelgrass beds were generally avoided. In the fall,
American Black Ducks also used mud/sand tidal flats
preferentially (Fig. 6, Tables 5, 6), and, at one site, they
were observed in large numbers on ericaceous heath
(Fig. 6B). As in the spring, salt marshes, boulder-strewn
tidal flats, eelgrass beds, and open water areas were not

generally used intensively. For other species of dabbling
ducks — Mallards Anas platyrhynchos, Green-winged
Teal A. crecca, Northern Pintail A. acuta, and American
Wigeon A. americana — small sample sizes hampered
statistical treatment, but those species were generally
observed in the same habitats as American Black Ducks.

Scaup significantly favoured boulder-strewn tidal
flats, eelgrass beds, and open water at site SO2 on 6 and 8
June 1990 (Fig. 7A, Table 5). At the same site on
22 September 1990, scaup used eelgrass beds to a
significant and almost exclusive degree (Fig. 8A, Table 5).
The small number of White-winged Scoters present at site
S02 used eelgrass beds and open water. Common
Goldeneyes favoured eelgrass beds, open water, and rocky
tidal flats at site S02 on 6 and 8 June 1990 (Table 5),
while significantly avoiding mud/sand tidal flats. On 22
September 1990 at the same site, however, Common
Goldeneyes used mud/sand tidal flats, open water, and
eelgrass beds (Table 5). At site S03 on 7 and 11 June
1990, the same species frequented mud/sand tidal flats
(Table 6), while at site S11 on 1213 September 1991, it
favoured eelgrass beds (Table 7).

Mergansers favoured eelgrass beds, open water,
and boulder-strewn tidal flats at site SO2 on 6 and 8 June
1990 (Fig. 7A, Table 5). On 22 September 1990,
mergansers were observed on mud/sand tidal flats at the
same site (Fig. 8A). On 7 and 11 June 1990, Common
Mergansers also frequented mud/sand tidal flats at site
$03 (Table 6). In autumn, mergansers were observed on
boulder-strewn tidal flats and eelgrass beds at site S11
(Table 7).

4.1.2 Behavioural components of habitat use during
migration

During spring migration, feeding was the most
frequently observed activity. American Black Ducks fed
primarily on mud/sand tidal flats (Figs. 9A, 9B), but the
adjacent low salt marshes were also important (Fig. 9A);
high salt marshes, boulder-strewn tidal flats, and dense
eelgrass beds were used less regularly. Similarly, during
fall'migration, American Black Ducks fed in mud/sand
tidal flats and adjacent low salt marshes (Figs. 10B, 10C).
The species was less selective in its choice of habitats for
other types of activities such as resting and preening,



































































































