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Abstract
The outer Mackenzie Delta is the site of the proposed Mackenzie Gas
Project (MGP). Approval of the MGP may impact Whimbrel Numenius phaeopus
populations breeding in the area through habitat loss and human disturbance.
This study identified Whimbrel breeding habitat, examined the use of IKONOS
imagery to identify key Whimbrel breeding habitats within the Kendall Island Bird
Sanctuary in the outer Mackenzie Delta and analysed the potential impact of the
MGP on Whimbrel populations. Wet-sedge low-centred polygon habitat
supported the majority of breeding Whimbrel in the study site (87%). Whimbrel
were also observed breeding in dry upland tundra habitats (13%). Supervised
classification of the IKONOS imagery provided a broad classification of land
cover types but was incapable of identifying polygon habitat used by breeding
Whimbrel. Construction and operations of the MGP will reduce the amount of
available Whimbrel breeding habitat.
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Chapter 1: General Introduction
The North American Whimbrel Numenius phaeopus has undergone a
significant population decline in the United States and Canada and is a species
of high concern (Donaldson et al., 2000, Brown et al., 2001, US Shorebird
Conservation Plan, 2004). Whimbrel are a migratory species, spending their
winters as far south as Central and South America and flying north to the
Canadian Arctic to breed. As with many shorebird species, their migratory nature
can make them vulnerable to changes in habitat, habitat loss, toxic chemicals
and pollution, increased predator populations as well as climate change
(Morrison, 2001).
Whimbrel breeding habitat in the outer Mackenzie Delta, Northwest
Territories, may be impacted by the pending Mackenzie Gas Project (MGP)
which is currently undergoing environmental assessment prior to formal approval.
The MGP proposes to extract natural gas resources that lie beneath the Delta
and transport them to existing pipeline systems in the south. To minimize the
impact of any changes in habitat used by breeding migratory species, it is
important to first understand the extent to which particular habitats are used and
to assess the availability of these habitats. Knowledge of habitat selection
processes with particular reference to shorebird breeding can allow us to
understand observed breeding habitat selection preferences.

l
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The process of identifying and selecting important habitats to conduct
intensive habitat analysis in remote Arctic regions can potentially be improved
using various remote sensing materials. Further, remote sensing can provide a
means of determining the availability of suitable habitat across a larger scale
than would otherwise be possible when ground studies are logistically difficult.
In this thesis, I examine Whimbrel breeding habitat use and distribution in
the outer Mackenzie Delta using both ground and satellite approaches and
attempt to predict the impact of pipeline development on their habitat. In this
chapter I provide some background related to habitat selection in birds, and
identification of habitat using remote sensing data, then provide an outline of the
remaining two chapters.
Habitat Selection
Habitat selection refers to the choice of a particular habitat over other
available habitats (Partridge, 1978). This selection may result from geographical
cues leading to the selection or avoidance of habitat types, innate responses
passed down by ancestors that may have made successful evolutionary choices,
previous experience of an individual or the exploration of habitat possibilities
(Hutto, 1985). Optimal habitat choice models assume that individuals actively
select the highest-quality habitat available that maximizes their fitness and

reproduction (Fretwell and Lucas, 1970, Burger, 1985). Suitability of a habitat
may be determined by a number of factors, including food productivity (Cody,
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1981, 1985), competition (Cody, 1981, 1985; Rosenzweig, 1985), risk of
predation (Martin, 1995) and others. Several of these factors are density
dependent suggesting that habitat suitability will decrease if density is increased
(Fretwell and Lucas, 1970).
Two theories proposed by Fretwell and Lucas (1970) address the theory
of density dependence: ideal-free distribution and ideal-despotic distribution.
Ideal-free distribution suggests that as density increases, individuals spread out
throughout habitats to equalize their return, resulting in high-quality habitat
supporting more individuals than poor-quality habitats. Ideal-despotic distribution
suggests that healthy, dominant individuals may establish themselves in highquality habitats excluding subordinate individuals to poorer habitat types.
The presence of individuals in poorer habitat types (sinks) may be an
important factor in stabilizing high-quality habitat populations (source).
Constraints on the availability of high-quality habitat can lead to the dispersal of
individuals to the poor-quality habitats, creating a source-sink dynamic resulting
in population equilibrium (Pulliam, 1988). The source-sink model assumes that
an individual can accurately determine habitat quality and will move from the sink
to the source when space becomes available (Kristan, 2003).
Migratory birds pass through a wide range of habitats before settling at a

specific one for breeding, foraging or wintering (Cody, 1985). Selection of a
particular habitat involves a series of hierarchical decisions: general habitat
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selection (landscape), territory selection and nest-site selection (Gochfeld, 1977;
Johnson, 1980; Burger, 1985; Hutto, 1985). The selection of a general habitat
and the ecological processes affecting it restricts the processes acting on the
territory and consequently the nest-site (Barg et al., 2006). Assuming that
individuals are capable of perceiving and evaluating habitat quality (Fretwell and
Lucas, 1970) they ultimately select a nest-site through a series or hierarchical
decisions (Jones, 2001) that contribute to their reproductive success (Martin,
2001).
Shorebird Nest-site Selection
Shorebird nest-site selection might be influenced by food availability,
because nearby food resources may allow incubating shorebirds to forage within
view of the nest (Beveridge, 2007). Limitations on food availability can negatively
affect the fecundity and reproductive success of breeding birds (Martin, 1987).
Shallow water ponds on Niglintgak in the Mackenzie Delta, Northwest Territories
provide feeding areas for Red-necked Phalaropes Phalaropus lobatus
(Beveridge, 2007). Incubating males were often observed feeding at ponds
adjacent to their nests. Smith et al. (2007) did not find any evidence supporting
the influence of food limitation on nest-site selection of shorebirds at East Bay,
Southampton Island, Nunavut. Female White-rumped Sandpipers Calidris
fuscicollis, and male Red Phalaropes Phalaropus fulicarius, were often observed
foraging within 100 m from their nest, while Black-bellied Plovers Pluvialis
squatarola, Semipalmated Plovers Charadrius semipalmatus and Ruddy
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Turnstones Arenaria interpres fed within their nesting territories as well as in
communal feeding areas and separate feeding territories.
The placement of Whimbrel nests on the lee side of hummocks in
Churchill, Manitoba apparently affords the incubating bird protection from
prevailing N to E winds originating from the Hudson Bay (Skeel, 1976, 1983). In
hummock-bog habitat, the presence of a nearby shrub may also provide
additional wind protection. Nest-sites that are sheltered from the wind may
experience less convective heat loss for incubating adults or unattended eggs
(Reidetal.,2002).
Selection of habitats that are highly heterogeneous can provide a
disruptive effect that prevents predators from developing search images thereby
reducing predation on open nesting birds (Storaas and Wegge, 1987; Martin,
1988; Skeel, 1983). Skeel (1983) suggests that Whimbrel breeding in Churchill
are least conspicuous in the hummock-bog habitat because the abundance of
prominent hummocks, bare patches of ground, scattered trees and high shrub
densities create a disruptive pattern, whereas the homogenous sedge-meadow
and heath tundra habitats may make nests more conspicuous to avian predators.
Vegetation structure at the nest-site may provide a favourable
microclimate (Walsberg, 1985) as well as offer concealment from predators
(Gotmark et al., 1995). Prairie breeding shorebirds such as the Upland
Sandpiper Bartramia longicauda, Wilson's Phalarope Phalaropus tricolor, and
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Marbled Godwit Limosa fedoa nest in upland habitats that are characterized by
tall, dense grasses (Colwell and Oring, 1990). At East Bay, White-rumped
Sandpipers, and Red Phalaropes, which flush at close distances to the nest,
chose nests with high nest concealment (Smith et al., 2007). Other species
nesting in the same area, Black-bellied Plovers, Semipalmated Plovers and
Ruddy Turnstones flush at distances >20 m and nest in less concealed sites.
High nest concealment has been correlated with decreasing nest predation
(Gotmark et al, 1995). However, some birds select a nest site that provides
visibility allowing them to detect predators at an early stage and react
appropriately (Gotmark et al., 1995).
Another factor influencing nest-site selection may be the choice of
neighbours. More timid species may choose nest-sites that are close to more
aggressive species, seeking shelter under their 'protective umbrella' (Dyrcz et al.,
1981). For example: Bar-tailed Godwit Limosa lapponica nests in Northern
Norway are distributed closer to Whimbrel nests than expected by chance. The
Bar-tailed Godwit does not attack avian predators during incubation and relies on
cryptic strategies to avoid ground predation. On the other hand, Whimbrel react
aggressively in nest defence and will react to avian predators within a 500 m
radius of the nest. By nesting near its Whimbrel neighbour, the Bar-tailed Godwit
may benefit from the aggressive response when predators are nearby (Larsen
and Moldsvor, 1992).

7

The spacing of nesting individuals may also play an important role in nest
success. Closely spaced nests would be at a disadvantage if a predator focused
further efforts in areas where it had previously been successful (Tinbergen et al.,
1967). The frequency of flights to and from foraging sites in areas of closely
spaced nests may also increase the chance of a nest being revealed to predators
(Skeel, 1983). Skeel suggests that the spacing of Whimbrel nests is a trade off
between reduced detection (through dispersion) and the enhancement of joint
defence (nesting near to conspecifics).
Land Cover Classification
Predictive habitat modeling using land cover information obtained from
satellite remote sensing data increases the potential to effectively identify and
manage the causes of habitat loss. This may contribute to the design of
successful conservation plans to protect wildlife (Jennings, 2000; Goetz et al.,
2003; Kerr and Ostrovsky, 2003). Remote sensing provides a means of
estimating the availability of a particular habitat type, predicting species
distributions and assemblages, and monitoring environmental changes
particularly resulting from industrial developments. Such data are desirable in
remote and vast areas such as the Canadian Arctic where studying large regions
on the ground in detail is impossible due to logistical constraints (Gratto-Trevor,
1994, 1996; Morrison, 1997). The availability of land cover maps would allow
researchers to avoid unnecessary studies of unsuitable habitat and focus their
logistical efforts on studying areas likely to be relevant to their study.
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Land cover maps can be created using digital image classification to
analyse spectral patterns from satellite imagery. Classification procedures use
the spectral information represented by the digital numbers in one or more
spectral bands in a remote sensing image to categorize all the pixels into land
cover classes or 'themes' resulting in a thematic map of the original image.
There are two common classification procedures: 'unsupervised' and
'supervised'. The unsupervised classification method does not require prior
knowledge of the habitat and relies on algorithms that examine the unknown
pixels in the imagery and use natural grouping or clusters in the image values to
aggregate them into land cover classes. The supervised classification method
requires a priori knowledge of the habitat to develop training areas to represent
the desired land cover types and utilizes the spectral attributes of each type to
categorize each pixel in the imagery (Lillesand and Kiefer, 2004).
There are many varieties of satellite remote sensing imagery with a broad
range of spatial resolutions. Satellite imagery is generally classified as either
coarse or high resolution imagery. Coarse resolution imagery such as SPOT
Vegetation (VGT) which was used to produce a land cover map for North
America has a resolution of 1 km. Landsat, SPOT, IKONOS and Quickbird
imagery are all classified as high resolution imagery but have a broad range in
spatial resolution. The latest Landsat satellite (Landsat 7) has seven
multispectral bands ranging from 30 - 60 m spatial resolution. It also has a
panchromatic band providing a spatial resolution of 15 m. Spot 4 satellite
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imagery provides four multispectral bands with a 20 m spatial resolution and a
panchromatic band with a 10 m spatial resolution. The more recent Spot 5
imagery increases the spatial resolution of the multispectral bands to 10 m (with
the exception of the middle infrared band which remains at 20 m) and the
panchromatic band to 5 m. The IKONOS 2 and Quickbird satellite imagery both
have four multispectral bands (red, green, blue and near infrared) as well as a
panchromatic band. IKONOS has a spatial resolution of 4 m for its multispectral
bands and a 1 m resolution for its panchromatic band. The resolution of
Quickbird is 2.44 - 2.88 m for multispectral imagery and 0.61 - 0.72 m for the
panchromatic imagery. RADARSAT is another type of imagery that ranges in
resolution from 3 - 100 m and has advanced abilities to obtain information about
the earth's surface regardless of most weather conditions and light levels.
A wide range of habitat mapping studies using satellite remote sensing,
have been conducted using these various types of satellite imagery. For
example: Kerr et al. (2001) developed an advanced land cover classification
using SPOT 4A/GT imagery to estimate habitat heterogeneity and were able to
predict butterfly species-richness patterns in Canada. Supervised classification
of IKONOS imagery was used to map shallow water marine habitats in the Turks
and Caicos; this study showed a 20% improvement of IKONOS over Landsat
classifications (Mumby and Edwards, 2002). However, they were unable to
successfully discriminate between 13 categories of coral, algal and seagrass
habitats. SPOT 5 imagery was used to map seagrass beds in the Mediterranean
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Sea (Pasqualini et al., 2005). Supervised classifications were conducted on
SPOT 5 imagery with a 10 m spatial resolution and a fused image with a 2.5 m
resolution. Both images were found useful for this application producing 96%
and 73% accuracies respectively. Taft and Haig (2004) mapped winter wetland
habitats for shorebirds in the Willamette Valley, Oregon using RADARSAT (Taft
and Haig, 2004). They classified three images using both supervised and
unsupervised techniques to create land cover maps with four habitat classes and
attained overall accuracies for the images ranging from 45 - 60%. Overall,
RADARSAT proved a useful alternative for mapping winter shorebird habitat in
agricultural areas when cloud cover often prevented the use of other satellite
imagery (Taft and Haig, 2004).
Satellite Remote Sensing in Polar Regions

A number of satellite remote sensing studies have studied the potential of
using such imagery to map wildlife habitat in the North American tundra for:
muskox, waterfowl, bison, reindeer, caribou, snow geese , shorebirds and
migratory bird sanctuaries (Ferguson, 1991; Pearce, 1991; Markson and
Derkson, 1994; Matthews, 1991; George et al., 1977; Wickware et al., 1980;
Dickson etal., 1989; Gratto-Trevor, 1994, 1996; Morrison, 1997; Didiuk and
Ferguson, 2005). Largely the focus has been on using Landsat Multispectral
Thematic Mapper (TM) satellite imagery as it is more readily available for
northern landscapes and is more cost effective than high-resolution imagery such
as IKONOS.
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Landsat TM has produced limited results in mapping habitat in the north,
particularly when using unsupervised classification methods. Unsupervised
classifications were unable to produce thematically detailed land cover data (~16
classes) for some northern environments with acceptable accuracy.
Classification of muskox habitat on Banks Island resulted in over 48 classes with
poor visual interpretability (Ferguson, 1991). A classification of bison habitat in
the Northwest Territories resulted in more than 5% of the habitat not being
classified as a particular land cover type, including important bison habitat
(Matthews, 1991). Both studies also used supervised classification methods to
assess habitat extent. Ferguson (1991) found that discrimination between dwarf
shrub tundra and hummocky tundra was difficult due to the variability in
reflectance cause by varying slopes, substrate and the extent of vegetation
cover. Using the supervised method, Matthews (1991) reduced the abundance
of unclassified pixels to less than 1% of the total area but observed significant
overlap between many classes in the supervised classification for bison habitat.
Combining like classes (i.e. important forage habitats or less important land
cover types) into one category increased the accuracy and produced acceptable
classifications (Ferguson, 1991; Matthews, 1991).
Studies in the Canadian Arctic have explored the use of Landsat TM as a
viable option for mapping shorebird habitat. A combination of unsupervised and
supervised methods was used to develop a classification of 17 habitat types for
Princes Charles Island, Foxe Basin, NWT (Morrison, 1997). Overall, the
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classification produced an accuracy of over 90% and was relatively consistent
over large areas. The use of Landsat TM and unsupervised approaches for
classification of staging and nesting shorebird habitat in the outer Mackenzie
Delta resulted in the identification of 21 habitat types of major importance
(Jaques, 1987a, b; Dickson et al, 1989; Dickson and Smith, 1991). Visual
interpretation of enhanced Landsat TM imagery was necessary to refine the
identification of preferred habitats. Gratto-Trevor (1994, 1996) tested whether
the results of these studies could be extrapolated to a larger area and found that
in areas that were extensively ground-truthed, priority shorebird habitat was
correctly identified; however, difficulties arose when extrapolating these data to
surrounding areas that exhibited rapid habitat changes such as coastal regions
and areas prone to flooding.
To date, few studies have looked at the use of higher resolution satellite
imagery in the Arctic, due in part to lack of availability and cost. SPOT satellite
imagery which records spectral data at a resolution of 20 m x 20 m (an
improvement on the 30 m x 30 m resolution of Landsat TM) has been used to
map muskox habitat on Devon Island in the Queen Elizabeth Islands with
satisfactory results (Pearce, 1991). The 20 m spatial resolution of SPOT was
able to identify important waterfowl habitats such as smaller wetlands and the
unique moss/peat shoreline in the Alaskan Arctic Coastal Plain that were not
detectable using Landsat data (Markon and Derksen, 1994).
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Objectives
In the following chapters, I examine Whimbrel breeding habitat in the outer
Mackenzie Delta. In chapter 2, I identify areas of Whimbrel breeding habitat
through direct ground studies. Using my knowledge of Whimbrel breeding
habitat and various Geographic Information Systems (GIS), I subsequently
assess the potential of using high-resolution IKONOS satellite imagery to
develop a suitable predictive habitat model. I then explore the potential of using a
habitat map created using various techniques from the satellite image to estimate
the potential impact of the MGP on Whimbrel breeding habitat assessing three
scenarios that vary in their degree of industrial development.
In chapter 3, I identify and define areas of Whimbrel breeding habitat on
three scales: landscape, territory and nest-site. I compare nest-site habitat to
areas of available habitat within Whimbrel nesting territories to determine if
Whimbrel are exhibiting habitat selection preferences. I examine nest success
between nests on two types of habitat structures in which I found nests:
hummocks and raised polygon ridges. I identify and analyse habitat differences
that may have contributed observed variation in nest success rates. Finally I
examine the spatial distribution of nests and assess Whimbrel response to
human disturbance and the ability of i-button temperature data loggers to monitor
changes in nest temperature during parental departures. In the final chapter, I
re-visit the results of chapters 2 and 3 and propose direction for further studies in
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predictive habitat modeling of shorebird breeding habitat in Arctic landscapes,
scenario analyses and Whimbrel habitat selection in particular.

Chapter 2: Evaluating the potential impact of a gas
pipeline on Whimbrel breeding habitat in the outer
Mackenzie Delta, Northwest Territories
Abstract

The proposed Mackenzie Gas Project (MGP) may reduce amounts of
available breeding habitat for Whimbrel Numenius phaeopus, in the outer
Mackenzie Delta, Northwest Territories. A combination of ground surveys and
high resolution IKONOS imagery was used to map breeding habitat for Whimbrel
in the Delta. During ground surveys, I found Whimbrel nests (n=28) in extensive
areas of wet-sedge low-centred polygon (LCP) habitat on two islands in the Delta
(Taglu and Fish Islands) in both years of the study. Supervised classification
using spectral analysis of IKONOS imagery identified additional areas of lowland,
wet-sedge habitat in the region, but visual examination of the images was
necessary to determine whether they exhibited LCP structure. Areas with dense
shrubs, no standing water and/or lacking polygon structure, did not support
breeding Whimbrel, as determined by ground surveys. Scenario analyses, using
habitat maps developed from a combination of methods, were used to estimate
the potential effects of the MGP on Whimbrel habitat. Assuming effective
complete habitat loss within 20 m, 50 m, or 250 m of any infrastructure or
pipeline, the currently proposed pipeline development would result in loss of 8%,
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12% or 30% of existing Whimbrel habitat. Additional habitat may be lost if water
levels rise and/or if water quality is affected.
Introduction

The Canadian Arctic provides breeding grounds for most species of North
American shorebirds (Godfrey, 1986; Gratto-Trevor, 1994; Gratto-Trevor, 1996;
Morrison, 2001). Migratory shorebirds depend on numerous habitat and
landscape types throughout their annual cycle (Donaldson et al., 2000) and
habitat loss resulting from industrial development may contribute to widespread
declines of shorebird populations (Morrison, 2001, Brown et al., 2001).
As the availability of natural resources is declining elsewhere, interest is
turning to Arctic Canada. The Canadian North contains a wealth of untapped
natural resources. Industrial development to extract these resources may alter
sensitive Arctic ecosystems, on which many wildlife are dependent. Studies are
legally required to assess the potential environmental impact of these
developments.
The Mackenzie Delta, in the Northwest Territories (Figure 2.1) is
recognized as a key terrestrial habitat for migratory birds (Alexander et al., 1991).
It also has been identified by previous studies as an important location for
breeding shorebirds (Tarves, 1987; Jaques, 1987a, b; Dickson et al, 1989;
Dickson and Smith, 1991; Gratto-Trevor, 1994, 1996).
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Oil and gas exploration has been ongoing in the Mackenzie Delta since
1965. In 1974, the Berger Inquiry was commissioned to evaluate the social,
economic and environmental impacts of a proposal to extract oil and gas
reserves and transport them via pipeline down the Mackenzie Valley. The report
resulting from the inquiry made a recommendation of a 10-year moratorium to
deal with important issues before exploration attempts could be made. This time
has passed and renewed interest in oil and gas extraction has resurfaced as the
Mackenzie Gas Project (MGP), which is currently undergoing environmental
assessment. Approval of the MGP would result in the construction of at least a
1220 km long natural gas pipeline connecting three new onshore gas processing
facilities in the Mackenzie Delta itself to existing pipeline systems in Northern
Alberta.
A significant portion of the proposed MGP will occur in the Kendall Island
Bird Sanctuary (KIBS, Figure 2.2), located in the outer Mackenzie Delta.
Although a migratory bird sanctuary only the surface rights are protected and
managed by Environment Canada, while the rights to the subsurface (in Northern
regions) is held by the Department of Indian and Northern Affairs and may be
leased out for exploitation. Environment Canada has the right to deny permits
allowing activity on the land, but in the past have permitted exploration activities
in KIBS. Taglu Island, in KIBS, is the site of one of the three planned onshore
gas processing facilities for the proposed MGP (Figure 2.3). Construction could
affect nesting shorebirds through direct loss of breeding habitat, loss resulting
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from conversion of habitat to other habitat types including changes in water flow,
disturbance, and contamination or spills.
One of the species likely to be affected by these developments is the
Whimbrel Numenius phaeopus. It is listed as a species of concern in the
Northwest Territories by the Committee on the Status of Endangered Wildlife in
Canada (2006) and has been identified by both the U.S and Canadian Shorebird
Conservation Plans as a species of high conservation concern (Donaldson et al.,
2000, Brown et al., 2001, US Shorebird Conservation Plan, 2004). Whimbrel
breed in low densities across the heterogeneous landscape of the Canadian
Arctic (Skeel and Mallory, 1996). Suitable habitats may be limited and spread
over large areas making identification of these key breeding habitats difficult.
Assessing the impacts of the MGP on Whimbrel in this region requires
identification of the habitats they are using for breeding and chick-rearing. Taglu
and Fish Islands have been identified in previous studies as areas of Whimbrel
breeding habitat (Tarves, 1987; Jaques, 1987a, b; Dickson et al, 1989; Dickson
and Smith, 1991; Gratto-Trevor, 1994, 1996). Remote sensing data, such as
satellite imagery, could be useful for identifying additional suitable habitats in this
region. Identification of these regions could then contribute to models that
evaluate the impact of MGP under various disturbance scenarios.
Remote sensing techniques potentially offer a cost-effective way of
determining both the availability of habitat, and mapping wildlife habitats over
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large areas by extrapolating data from smaller ground-surveys. Identification of
these habitats using remote sensing can decrease the need for costly
reconnaissance studies and extensive ground surveys, allowing efforts to be
focused on understanding habitat requirements within those areas. With the
increased interest in the Canadian Arctic, the availability of satellite remote
sensing imagery has also increased. A number of studies have successfully
used satellite imagery to map and classify muskox, bison and waterfowl habitat
(Ferguson, 1991; Pearce, 1991; Matthews, 1991; Markon and Derksen, 1994).
However, habitat classifications developed using imagery from one region may
not be suitable in other regions because differing vegetation patterns, moisture
regimes, landforms and geological substrates in Arctic landscapes produce
different spectral responses in satellite imagery (Morrison, 1997). Previous
habitat classification studies using Landsat Thematic Mapper (TM) imagery to
evaluate shorebird habitats in the Arctic had limited success. The 30 m spatial
resolution of Landsat TM imagery (Gratto-Trevor, 1994, 1996; Morrison, 1997)
cannot adequately resolve some habitat features such as low-centred polygon
(LCP) ridges and hummocks which are often important habitat characteristics for
several shorebird species (Dickson et al., 1989). These features may be an
integral component to shorebird breeding habitat, suggesting higher spatial
resolution afforded by IKONOS or Quickbird satellite imagery may improve the
accuracy of mapping.
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Once a habitat map has been developed, scenario analysis through model
building and simulation experiments, supported by understanding of ecosystem
structure and function provide a systematic way of making predictions regarding
the impacts proposed developments (Mohren, 2003). A model proposing the
changes in ratings for habitat quality for Whimbrel if the MGP is approved
suggests that disturbance effects will be greatest within 250 m of the facility and
up to 1000 m of active airstrips (AMEC, 2005). Breeding Whimbrel actively
respond to human intruders 100 - 200 m distant from their nests with aggressive
distraction flights (Skeel, 1983; Larsen and Moldsvor, 1992; Skeel and Mallory,
1996). Human disturbance may increase the risk of direct loss of eggs due to
predation of the nests or indirect loss of eggs due to inclement weather
conditions while adults are exhibiting anti-predator behaviour (AMEC, 2005).
Developing scenario analyses to predict the impact of MGP construction and
facility operations on Whimbrel breeding habitat could be used to evaluate
potential modifications to the MGP to minimize its impact on Whimbrel
populations in the outer Mackenzie Delta.
The objectives of my study were: 1) to identify Whimbrel breeding habitat
in selected study areas in the outer Mackenzie Delta through ground studies; 2)
to evaluate whether I could use remote sensing data to identify additional
Whimbrel breeding habitat in the outer Mackenzie Delta; and 3) to use a habitat
map developed through a combination of mapping techniques, to predict the
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potential impact of MGP development on Whimbrel breeding habitat through
various scenarios.
Methods
Study Area

The study area encompassed the 62,300 hectare Kendall Island Bird
Sanctuary (KIBS) and the adjacent Fish Island, within the outer Mackenzie River
Delta (765,000 ha), east of the Mackenzie Bay bordering the Beaufort Sea Coast
(Figures 2.1 and 2.2). The Canadian Wildlife Service (CWS) established KIBS in
1961, to provide long-term protection for migratory birds and their key habitats
(CWS, 1992). The Mackenzie Delta is a subdivision of the Arctic Coastal Plain
Region and is characterized by a mosaic of low lying, alluvial islands dominated
by wetlands with relatively saturated soils (Kemper, 2006).
Arctic wetland areas with poor drainage commonly exhibit patterned
ground (low- or high-centred polygon structures) (Ritchie, 1984) dominated by
hydrophilic graminoids (Carex sp.), Equisetum and Salix. Some wetland areas
have similar vegetation compositions but do not exhibit patterned ground.
Annual spring flooding deposits nutrient-rich sediments in the wetlands and the
warm river water melts the remaining snow thawing the ground and creating a
deeper active layer than many of the surrounding areas (Burn, 2002). This, in
combination with the irrigation caused by flooding, allows the vegetation to
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flourish (Burn, 2002), creating attractive breeding and feeding habitat for
shorebirds (CWS, 1995).
Dry upland habitats occur throughout the study area. Upland habitats are
typically patterned with small tussocks vegetated with Carex, Salix, Ericaceae
and other herbaceous plants and patches of shrubs up to 3 m in height. Also
associated with upland habitats are valleys with small wetland patches featuring
a combination of high- and low-centred polygons.
Field Surveys

In 2006, my field studies began on 7 June, after water levels subsided
from seasonal flooding of the outer Delta, and continued until 18 July, when all
Whimbrel nests hatched. In 2007, surveys began on 7 June and continued until
21 July. I established my camps in coordination with on-going shorebird
research by the Program for Regional and International Shorebird Monitoring
(PRISM) and CWS. Camp locations were selected based on the identification of
the sites as good shorebird breeding habitat in previous surveys by Gratto-Trevor
(1994, 1996) and a preliminary visit in July 2005 to confirm the continued
presence of breeding Whimbrel. In 2006 camp was established on Taglu Island
(69°22'4"N, 134°57'17"W) and in 2007 on Fish Island (69°22'21"N,
134°53'38"W).
I intensively surveyed Taglu and Fish Islands for Whimbrel nests in both
years of the study. In addition, the PRISM crew established five 12 ha plots in
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lowland areas of Taglu Island in 2006 and five on Fish Island in 2007 for detailed
shorebird surveys. In 2007, four of five Taglu Island plots from 2006 were
resurveyed. Preliminary surveys of these areas were conducted to determine
shorebird presence prior to selection. These plots were surveyed daily and nests
and nesting activities of all birds, including Whimbrel were recorded. Whimbrel
are aggressive and act defensively when a human intruder is within several
hundred metres of a nest. Therefore I used behavioural observations as a key
component to nest searching. Aggressive displays, scolding trill calls and
flushing are indicative of Whimbrel nesting behaviour (Skeel and Mallory, 1996).
When a pair was observed exhibiting defensive behaviour, I searched all raised
areas (hummocks and ridges) in which the pair continued their aggressive
displays until the nest was located. I used a Global Positioning System (GPS) to
record nest location and described the habitat at each nest. The aggregation of
nesting Whimbrel on Taglu and Fish Islands sometimes resulted in overlapping
territories and caused some difficulty in determining which area a pair was
defending. When it appeared that two pairs of Whimbrel were acting
aggressively towards surveyors, surveyors would split up and draw the pairs
apart to identify the individual territories. Once a surveyor was in their immediate
territory, the pair would focus only on that surveyor, making it easier locate the
nest.
I used a small zodiac to travel between Taglu and Fish Islands and
throughout KIBS. I surveyed 55 patches of habitat ranging in size from 2 0 - 1 0 0
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ha in various locations for evidence of breeding Whimbrel. Each habitat patch
was selected by visual interpretation of satellite imagery and aerial photos for the
area and represented a variety of habitat types: dry graminoid meadows, areas
with dense shrubs, upland tundra and saturated lowland habitats. At each
location I described the habitat based on its primary vegetation type, micro-relief
(low-centred polygons, high-centred polygons, tussock meadows, graminoid
meadows), soil moisture and land aspect. Visual estimates were made of the
percent ground cover (graminoids, low shrubs, tall shrubs, mosses and lichens,
bare ground, water). I recorded the coordinates for the location with a GPS and
took digital photographs of each site. This ground-truthing information was used
as 'training data' and/or for assessing the accuracy of the remote sensing
classification.
Habitat Classification

Geo-referenced IKONOS 2 multispectral and panchromatic imagery
(Table 2.1) of KIBS and Fish Island was acquired by the Canadian Wildlife
Service in 2003 from Space Imaging LCC. The imagery consisted of three
scenes, each with an 11.3 km swath width (GeoEye, 2006). The first scene was
collected June 22, 2002, the second and third scenes were collected on August
8, 2002. I classified each scene individually because of spectral differences in
the images. A small amount of cloud contamination was present in the imagery
which I masked and excluded from my analysis along with gravel pads and other
unnatural habitat.
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Using Focus for PCI Geomatica 10.0, I conducted supervised
classifications using the red, green, blue and near infrared spectral bands for
each of the three IKONOS scenes to produce a thematic map of the study area
(Lillesand and Kiefer, 2004). Supervised classification requires a priori
knowledge of the identity and location of land cover types which can be derived
from a combination of field work, personal experience, and analysis of georeferenced aerial photography and maps (Jensen, 1986). I utilized groundtruthing data that was collected in 2006 and 2007 to create representative areas
of land cover to train the supervised classification. The supervised classification
analysed the spectral characteristics of these areas and identified pixels of like
spectral qualities, creating a thematic map representing various land cover types.
I initially defined six terrestrial land cover classes in the imagery. Two of
these classes had poor signature separability from other classes. To attain
greater signature separability between the classes I reduced the final
classification to four land cover classes by combining areas with dense shrubs
and tall stands of trees into one category and all other lowland habitats into
another. I used the maximum likelihood classifier algorithm (MLC) to determine
spectrally similar areas within the imagery (NRCAN, 2007). Pixels that did not
likely belong to one of my habitat classes were assigned to the null class (other
habitat). To remove unwanted fine-scale noise from the classified images, I used
a 5 x 5 pixel FMO - Mode Filter. My final classification resulted in three thematic
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maps (one for each scene) containing a mosaic of pixels, each belonging to one
of the four land cover classes or 'other habitats'.
I subsequently performed an accuracy assessment of the final supervised
classifications by sampling 100 random pixels distributed throughout each of the
three scenes. I compared each random pixel from the classified imagery to my
knowledge of habitat based on a combination of ground-truthing data and visual
interpretation of the original false colour image, to determine the percentage of
the image that was correctly classified. I stratified the samples to land cover
class percentages to provide a proportional representation of the image occupied
by each land cover class (PCI, 2005).
After the accuracy assessment I conducted an additional supervised
classification of the IKONOS imagery using the red, green and near-infrared
multispectral bands to identify bodies of water. Several categories were created
due to the vast differences in spectral reflectance of the various water bodies.
Thematic maps representing water were created for each of the three scenes,
and integrated into the original classifications.
I converted the classified images into raster thematic maps using ArcMap.
I vectorized the raster maps to produce shapefiles identifying each habitat class
(PCI, 2005) and calculated the total area classified for each habitat using
Hawth's Tools (Beyer, 2008). The different water body types were combined into
one category to represent overall water.
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Following ground-truthing of wet-sedge habitats I found that certain
differences in habitat structure such as hummocks and polygon ridges within
polygons were not spectrally recognizable using the multispectral bands of the
IKONOS imagery. The higher resolution panchromatic band provided me with
improved visual interpretation of low- and high-centred polygon habitat based on
pattern. I used ArcMap to combine the multispectral bands and the
panchromatic band to create a pan-sharpened multispectral image (Lillesand and
Kiefer, 2000). The resulting pan-sharpened multispectral image was used to
identify areas of non-shrubby lowland habitat from the classified images that
exhibited wet-sedge low-centre polygon (LCP) patterns. I then digitized them in
ArcMap to create polygon shapefiles and calculated the total area using Hawth's
Tools.
Scenario Analysis of Whimbrel Habitat

I used ArcMap 9.2 and my habitat classification maps to build a scenario
analysis to estimate the potential impact of the MGP on Whimbrel breeding
habitat. Using ArcMap Model Builder, I developed a visual modelling framework
of multiple geo-processing tasks to develop three scenario analyses: 20 m, 50 m
and 250 m buffers on all sides of the proposed pipeline trench and Taglu facility
(Figure 2.4). The 20 m buffer was selected based on the 40 m right-of-way for
the construction of the proposed pipeline trench which represents the minimum
amount of habitat loss or alteration. I chose the 50 m and 250 m buffers to
illustrate two degrees of disturbance based on the AMEC model proposal that
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disturbance effects will be greatest 0 - 250 m away from pipeline and facility
construction and operations (2005).
I made observations of territorial Whimbrel behaviour in the 2006 and
2007 field seasons to estimate an approximate territory size, using Whimbrel
response to approaching observers and radio-tracking results (see Chapter 3). I
used the average territory size to estimate the maximum number of breeding
Whimbrel pairs each area of good habitat could support and the maximum
number of breeding pairs that could potentially exist in the habitat remaining for
each scenario. The maximum number of pairs was also determined based on
my assumption that in 2006 and 2007 the lowland habitat was saturated.
Results

Image Classification

I defined six terrestrial land cover types within the study area: wet sedge
lowland habitats (with and without LCP structure), saturated habitats, dry upland
tundra habitats, tall willow stands, dense shrub lowland habitats, and dry
graminoid lowland habitats. My final classification (Figure 2.5) had four land
cover classes:
1. Non-shrubby Lowland Habitats (non-shrubby lowlands) - Areas of lowland

meadows with vegetative covers of low-centred polygon habitat, flat
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graminoid meadows, or areas void of vegetation. Levels of moisture
range from dry to moderately wet.
2. Saturated Habitats - areas of habitat saturated with deep (>15 cm)
standing water that often exhibited LCP or high-centred polygon (HCP)
structures. In areas of LCP habitat vegetation predominantly consists of
hydrophilic sedges with little or no herbaceous or shrubby vegetation.
HCP habitats are typically covered with sedges and herbs.
3. Dense Shrub Lowland Habitats (shrubby habitat) - areas where the
predominant vegetation cover was composed of dense shrubs or tall
willow stands with no open areas present.
4. Dry Upland Tundra Habitats (upland habitat) - areas dominated by
tussocks with widespread herbaceous plants and patches of low shrubs
(<1m) are interspersed throughout.
All classes could be reliably separated except dry upland tundra habitats and
dense shrub lowland habitats (Table 2.2). In the third scene, there were also
limited spectral differences between non-shrubby lowland habitats and dense
shrub lowland habitat.
Classification Accuracy Assessment

My overall accuracies for the three scenes were 77, 74 and 85%
respectively (Table 2.3). Non-shrubby lowland classification resulted in the
lowest errors of omission and commission overall (Table 2.3). Pixels of nonshrubby lowlands were correctly classified 80 - 96% of the time (Table 2.4).
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Scene 1 had the highest errors of omission for this land cover type. The
inclusion of incorrect habitat types to the lowland habitat class was infrequent
with minimal inclusion of shrubby habitat. Classification of saturated and shrubby
habitats produced high errors of omission. Errors of commission were low for
saturated habitats but were increased for shrubby habitat due to the frequent
incorrect assignment of upland habitat. The upland habitat class in Scene 1 and
2 had low error levels but scene 3 had a 48% error of commission resulting from
incorrect assignment of pixels from shrubby habitat and 'Other Habitats' (Table
2.3).
Land Cover Classification

My classification identified 25% (11,752 ha) of terrestrial habitat in the
study area as non-shrubby lowlands (Table 2.5). Shrubby habitat encompassed
26% of the area, 17% was upland habitat and only 0.7% was identified as
saturated habitat. Approximately 38,377 ha of water bodies including ocean,
river channels, lakes and ponds were classified from the imagery. Some small
inland lakes and ponds in the imagery were unclassified due to the wide spectral
variation in water throughout the imagery. The classification of the imagery was
unable to identify 31% of the terrestrial landscape. Visual examination of the
images suggest that unclassified areas were largely edges and transition
habitats, particularly between water and terrestrial areas and within some upland
habitat. Some of the unidentified habitat was also attributed to the inability of the
classification to identify all saturated habitat.
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Based on visual examination of the false colour images, I identified 1168
hectares within the study area as wet-sedge LCP, accounting for 10% of the nonshrubby lowland land cover type. Lowland habitats in scene 1 and 2 that
appeared to be ideal Whimbrel breeding grounds in the imagery were found to be
too dry. Many of the LCP's identified in scene 3 were found to have dense
shrubs on the polygon ridges.
Whimbrel Habitat Use

In 2006 and 2007 I found 28 nests located on low ridges or hummocks in
wet sedge LCP habitat on Taglu and Fish Islands (Chapter 3, Figure 3.1).
Whimbrel were observed breeding in 40% of the available wet-sedge LCP habitat
identified using the satellite imagery. Radio-tracking studies indicate that this
habitat was also important for foraging and chick rearing (Chapter 3). Nest sites
were vegetated with a combination of dwarf and low shrubs, graminoids, mosses
and herbs. Surveys of other lowland habitat patches (n=43, Figure 2.6) identified
from visual interpretation of the IKONOS imagery did not find breeding Whimbrel
activities. My subsequent ground surveys of these habitats in the months of
June and July, suggested that the sites differed from Whimbrel nesting habitat by
being too dry, having poor structural complexity (i.e. no patterned ground) or
having high shrub densities. I surveyed approximately 6000 ha (-75% of all
upland habitat in the study area) of upland tundra habitat in the outer delta. I
found one Whimbrel nest in a dry upland habitat with adjacent wetland valleys
consisting of a network of both LCP and high-centred polygon (HCP) structures.
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Three of twelve additional upland habitat patches I visited in July, late in the
breeding season were observed to have two to three pairs of Whimbrel present
that exhibited parental behaviour. Thus an estimated 50% (~3000 ha) of the
upland habitat I surveyed had evidence of Whimbrel breeding activities, but at
relatively low densities. Based on these observations I estimate that upland
breeding Whimbrel account for approximately 13% of the breeding population in
the study area.
Potential Impact of the Mackenzie Gas Project

Dickson et al. (1989) estimated Whimbrel breeding territory size in the
Mackenzie Delta to be up to 24 ha. Based on my observations of Whimbrel
activity, I estimated an approximate territory size of 20 ha for breeding Whimbrel
on the Taglu and Fish Islands. I estimated the total area of wet-sedge LCP
Whimbrel breeding habitat on Taglu and Fish Islands to be 470 ha, thus
potentially supporting 19-23 pairs. I observed 14 breeding pairs on Taglu and
Fish Islands in each year of the study. If this was the maximum capacity for
breeding Whimbrel in the area, it would suggest a territory size of 33 ha. My first
MGP scenario, assuming a 20 m buffer of habitat loss around industrial
infrastructure, suggested this would result in a 7.6% (35.5 ha) loss of the
Whimbrel breeding habitat on Taglu and Fish Islands (Table 2.6). The number of
potential Whimbrel pairs would be expected to decline from 24 to 21 assuming a
20 ha territory size and from 14 to 13 for a 33 ha territory size. The 50 m buffer
scenario suggested a habitat loss of 11.6% (54.3 ha) supporting a maximum of
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20 or 12 Whimbrel pairs depending on territory size. In the final scenario (250 m
buffer), 28.9% (94.7 ha) of the available habitat would be lost and the area would
be able to support 30% less Whimbrel pairs.
Discussion
Whimbrel Nesting Habitat

Whimbrel have previously been observed breeding in wet-sedge lowcentred polygon habitat and upland tundra habitats in the Mackenzie Delta
(Dickson et al., 1989; Gratto-Trevor, 1994, 1996; Ashenhurst, 2004). Dickson et
al. (1989) showed that shorebirds in the outer Mackenzie Delta have a strong
preference for well-developed LCP habitat because they provide dry areas for
nesting and nearby adjacent shallow water for foraging. This study confirmed the
previous findings of small breeding communities of Whimbrel in wet-sedge LCP
habitat on Taglu and Fish Islands in association with other breeding shorebirds
(Hudsonian Godwits Limosa haemastica, Red-necked Phalaropes Phalaropus
lobatus, Stilt Sandpipers Calidris himantopus, and Pectoral Sandpipers Calidris
melanotos).
A few observations of breeding Whimbrel were made in upland habitat
with adjacent wetland valleys, but they account for less than 15% of breeding
Whimbrel in KIBS and Fish Island. Breeding behaviour in these areas was not
well studied, because many upland areas were >10 km from the main study site
and were not visited until late in the breeding season. Low numbers of Whimbrel
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exhibiting parental behaviour were observed in some of these locations but it
could not be confirmed if the Whimbrel had nested there or walked to the areas
with their broods. Studies in Churchill found small numbers of Whimbrel
breeding in heath-tundra habitats (Skeel, 1983). Previous studies of upland
habitat in the Mackenzie Delta were of low sampling intensity. My findings, in
which I found low nesting densities in upland habitat matches previous studies.
Dickson et al., (1989) found Whimbrel nesting in uplands but in low densities (1
pair/km2 or less), while Gratto-Trevor (1994, 1996) did not encounter any
Whimbrel in upland habitats. Another study looking at the effects of seismic lines
on the abundance and distribution of breeding migratory birds found Whimbrel to
be slightly more abundant in upland habitats with wet low-lying areas than in LCP
habitat (Ashenhurst, 2004). Further focus on upland habitat is required to assess
the full extent to which Whimbrel use this habitat type for breeding. Although
uplands were much less important than lowland habitats within my study area,
upland habitats may be more extensive elsewhere in the Mackenzie Delta, and
hence even at low densities could support significant numbers of Whimbrel
Classification Accuracy

The supervised classification methods using high resolution IKONOS
imagery were moderately successful at differentiating land cover into four broad
categories of habitat the outer Mackenzie Delta. The initial use of six land cover
types allowed for greater discrimination between habitat types in the
classification, but resulted in low classification accuracies. Classification
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accuracies generally improve with a decrease in the number of land cover
classes (Rees, 1990). The combination of tall willow stands and dense shrub
lowland habitats did not affect my results because Whimbrel have only been
observed nesting in more open habitats (Dickson et al., 1989; Gratto-Trevor,
1994, 1996). Having dry lowland habitats in a separate class from wet lowland
habitats would have been beneficial to the land cover map however, spectrally
they were almost indistinguishable.
Overall the signatures of the final four classes were nearly completely
separate with the exception of upland habitat and shrubby habitat. The signature
separability for these two habitat types was good in scene 1, but poor in scenes 2
and 3. This may be because the collection of imagery for scene 1 was early in
the summer when willows were bare, while the other two scenes were collected
in August after vegetation had flourished. This would likely cause similar
reflectance values between upland habitat which has high levels of herbaceous
vegetation and shrubby habitat which is dominated by willows. Although there
was poor separation between these two classes, it was desirable to try to
separate these habitats, because the upland habitat is potentially suitable for
breeding Whimbrel.

Areas known to be upland habitat based on ground data,

appeared visibly distinct through colour patterns in the false colour composites of
the IKONOS imagery, and thus could be readily identified using visual
interpretation. The signature separability of non-shrubby lowlands and shrubby
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habitat was poor in scene 3, but nevertheless, the majority of non-shrubby
lowland habitat was still accurately identified.
Edges and transition habitats, as well as a large portion of the dry upland
tundra were poorly classified. This may be due in part to the varying slopes
throughout the habitat particularly around the periphery and in areas that slope
into small wetland valleys. Slopes can result in shadows that change the
spectral characteristics of the habitat (Gratto-Trevor, 1996). While this affected
the accuracy of the estimated area of this land cover class, it was fairly clear from
visual examination of the false colour image, which unclassified areas were part
of upland habitat, and these areas were included when selecting areas for
ground-truthing for Whimbrel.
The classification procedure had the highest accuracy at identifying nonshrubby lowlands. Identification of the other habitat types had more errors,
particularly comparing saturated and shrubby habitats. Difficulties in accurately
identifying saturated habitats are likely due to the often discontinuous nature of
this habitat type. The wettest centres of a saturated habitat were generally
identified but surrounding areas were often unclassified. The presence of areas
of raised ground interspersed with standing water results in differing spectral
reflectance values. Including these raised areas in the training data would result
in a combination of spectral reflectance which would decrease the spectral
separability between non-shrubby lowlands and saturated habitat. Training
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areas were selected to contain only the wet portions of this habitat type therefore
the area of saturated habitat is probably underestimated.
Another factor affecting the classification accuracy could be the use of
imagery collected in a different year or different time of year than the study was
conducted (Gratto-Trevor, 1996). High resolution satellite imagery is costly and it
is often difficult to obtain imagery collected at the time of the field study. In this
case, the information collected during the field season (June and July) may not
reflect conditions at the time of the imagery acquisition (July and August;
Markson and Derkson, 1994). For example water levels in the Delta may change
from year to year as a result of different flooding regimes, storm surges and
annual changes in ice break-up, making areas that are suitable for shorebird
nesting in one year unsuitable in other years (Gratto-Trevor, 1996). Further,
imagery collected in early spring prior to nesting may show a greater percentage
of saturated habitats that will have subsided before birds initiate nesting.
Scene 3 had the highest classification accuracy. The decrease in the
accuracies of the other scenes are comparable to results observed in previous
studies by Dickson et al. (1989) and Gratto-Trevor (1994, 1996) who found that
as the distance from the original ground truth sites increases, the classification
accuracy decreases. The 2006 and 2007 field camp locations on Taglu and Fish
Islands were both encompassed within scene 3. This, as well as the fact, that all
observed breeding Whimbrel were located within this scene probably contributed
to the increased classification accuracy of the scene, as more ground-truthing
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was conducted in nearby areas than in areas throughout the rest of the imagery.
The decrease in accuracy for scene 1 may also be attributed to the different time
of season that the imagery was collected. Although the imagery for scene 2 was
collected at the same time as for scene 3, the lower accuracy may have occurred
due to a greater proportion of upland habitat it supported, which was often
difficult to distinguish from shrubby habitats late in the season.
The supervised classification was useful for identifying areas of lowland
habitat that did not have dense shrubs and that were not saturated with water.
However, it was unable to identify areas within the non-shrubby lowlands that
exhibited LCP patterned habitat and in which Whimbrel nested. The supervised
classification was limited to analysing spectral differences that identify different
habitat types but was incapable of analysing textural differences that would
indicate patterned ground. It was therefore necessary to combine the supervised
classification with visual interpretation (digitizing) to provide a suitable predictive
model of these habitat types.
The fusion of the higher resolution panchromatic imagery with the
multispectral imagery improved the visual identification of LCP's. My fieldwork,
as well as previous studies, show lowland breeding Whimbrel select habitat with
dry areas for nesting and shallow pools for foraging (Dickson et al., 1989) typical
of wet-sedge LCP's. Wet-sedge LCP habitat (470 ha) on Taglu and Fish Islands
in KIBS supported most of nesting Whimbrel in the study area. Structural
complexity, availability of raised ground, low shrub densities and moderate levels
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of moisture all appear to be important components of preferred Whimbrel
breeding habitat. The absence of breeding Whimbrel in other areas identified
from remote sensing imagery as wet-sedge LCP habitat may be attributed to
higher densities of shrubs on polygon ridges and hummocks which I detected
during subsequent ground truthing in 2006 and 2007. Areas with dense shrubs
may be avoided by breeding Whimbrel due to restricted vision of approaching
predators to nesting birds. Gbtmark et al. (1995) suggested that it may be
beneficial for adults to have good visibility at the nest to reduce the risk of
predation during incubation.
The use of remote sensing to determine breeding habitat for arctic nesting
shorebirds provides only a limited solution to the otherwise logistically difficult
task of field surveys. A combination of techniques was required to identify the
structurally complex habitat that Whimbrel use in the study area. Supervised
classification methods alone were only able to identify broad scale habitat types.
Visual interpretation of the imagery within these types was necessary to identify
Whimbrel breeding habitat in KIBS.
Another challenge with habitat mapping in this area is the highly dynamic
nature of the habitat, which may change among years and within each year due
to changes in water level. As a result, the distribution of suitable Whimbrel
breeding habitat may change from year to year. This further limits the potential
for using remote sensing data for habitat mapping if one needs to rely on images
collected in previous years.
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Scenario Modeling

Only a small portion of habitat in KIBS and Fish Island (1168 ha) appears
to be suitable for Whimbrel breeding. Loss of any of this habitat could negatively
affect Whimbrel breeding populations in the area. A key part of determining the
environmental impacts of industrial development activities is to model the
impacts of different development scenarios on populations dependent on the
affected area. My simulations suggest that up to 30% of suitable habitat could be
lost by the proposed development, assuming Whimbrel avoid areas within 250m
of any infrastructure.
The impact of this habitat loss on Whimbrel depends on a number of
additional factors. If the habitat was not saturated with birds, then loss of 30% of
habitat may result in relatively little loss of Whimbrel. Conversely, increased
predation may increase the loss.
Additional factors need to be explored to accurately determine the true
effects of habitat disturbance to conduct a scenario analysis for the effects MGP
will have on Whimbrel breeding habitat in the Mackenzie Delta. Construction of
elevated structures could increase the number of predators by creating additional
platforms for feeding, perch hunting or nesting (Truett et al., 1994). A number of
man-made structures already present in the study area (Northwest Tel Cellular
Communications tower, tall pilings) serve as artificial perches for Rough-legged
Hawks Buteo lagopus and Raven Corvus corax.
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An additional challenge to modeling impacts is consideration of yearly
climate fluctuations, the possibility of water contamination, vegetation changes,
subsidence and disturbance from facility operations. Water contamination could
result from construction, pipe ruptures or facility operations. Water contamination
can have widespread effects because of the contiguous nature of the wetland
habitat used by Whimbrel and other nesting shorebirds. The potential for
subsidence or decrease in land elevation, occurring as a result of the extraction
of natural gas from the underground reservoir (Environment Canada submission
to the MGP environmental assessment, 2006) could result in low-lying areas
using by breeding Whimbrel becoming inundated with water and therefore less
suitable habitats. Environment Canada estimates a minimum of 185 ha of
habitat would be inundated. Subsidence may also occur as a result of the
melting permafrost because of the effects of winter construction and
maintenance activities (Lawson, 1986, Felix and Raynolds, 1989, Emers et al.,
1995). In this study, I found that lowland breeding Whimbrel are dependent on
the complex mosaic of dry raised ridges of polygons that often are only 10-15 cm
above water; even subtle subsidence leading to increased water levels could
destroy the availability of suitable breeding habitat. Lastly, the response of
Whimbrel to the presence of humans and air traffic during the year-round
operations of the proposed Taglu facility could in itself reduce Whimbrel breeding
habitat on Taglu Island. Whimbrel respond aggressively to the presence of field
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workers (within 200 m or less) and take flight when air traffic takes off or lands
(Pirie, Pers.Obs.).
Intensive scenario analyses, practical knowledge of habitat types,
Whimbrel ecology and GIS techniques must be combined to determine the
effects of the proposed MGP. These analyses should consider all factors that
may influence Whimbrel breeding habitat including: habitat saturation, food
productivity, increased predator activity, water contamination, subsidence and
related flooding, as well as Whimbrel reactions to human disturbances such as
air traffic and machinery.
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Table 2.1. Spectral ranges and resolutions of IKONOS bands used in the
supervised classification.

Band

Spectral Range
(nm)

Spectral Area

445-516

Blue

506 - 595

Green

632 - 698

Red

757 - 853

Near-infrared

526 - 929

Panchromatic

Ground Resolution (m)

NSLH
T99
1.99
1.99

Class

SH

DSLH

DUTH

2.00

1.99

SH

1.79

DSLH

Scene 1 Separability

1.99

1.79

199

NSLH

2.00

2.00

SH

1.11

DSLH

Scene 2 Separability

1.95

1.56

199

NSLH

2.00

2.00

SH

1.29

DSLH

Scene 3 Separability

Table 2.2. Signature separability between land cover classes used in the supervised classification. Values are calculated
as the statistical difference between pairs of spectral signatures using Bhattacharrya Distance methods. A value of 0
indicates a complete overlap in the spectral signature between the two classes and a value of 2 indicates complete
separation. NSLH - Non-shrubby lowland habitat; SH - Saturated habitat; DSLH - Dense shrub lowland habitat; DUTH
- Dry upland tundra habitat.

20

4

11

Dry upland tundra habitat

77%

37

10

32

Dense shrub lowland habitat

Overall Accuracy

33

7

30

Saturated habitat

74%

48

17

0

7

% Error
Commission

Scene 2
% Error
Omission
10

% Error
Commission
0

20

% Error
Omission

Non-shrubby lowland habitat

Habitat Classes

Scene 1

7

22

30

4

% Error
Omission

85%

11

9

0

7

% Error
Commission

Scene 3

Table 2.3. Summary of error matrix results for the supervised classification of the three scenes of IKONOS imagery
for the Kendall Island Bird Sanctuary and Fish Island in the outer Mackenzie Delta, Northwest Territories. Error of
omission is the percentage of known habitat types excluded from their actual class and error of commission is the
inclusion of incorrect habitat types in the class. The overall accuracy represents the percentage of the combined
classes that are correctly classified for each scene.

0
0
0
0

Saturated habitat

Dense shrub lowland habitat

Dry upland tundra habitat

Total

0

1

14

0

3

1

19

0

0

4

24

1

0

0

5

25 20 28 27

0

0

1

0 20

2

Non-shrubby lowland habitat

Classified Data

1

Scene 1

100

25

21

15

20

Total

2

0

2

0

0 29

0

0

0

0 26

1

11

24

0

2

4

18 38

0

0

12

0

3

3

0

0

5

15

12

Scene 2

Reference Data

100

23

29

12

28

Total

0

0

0

25

2

0

0

14

0

3

3

21

0

2

4

25

2

0

0

5

0 26 20 27 36

0

0

0

0

1

Scene 3

100

28

23

14

27

Total

Table 2.4. Error matrix resulting from accuracy assessment of the supervised classification for the three scenes
representing the Kendall Island Bird Sanctuary and Fish Island in the outer Mackenzie Delta, Northwest Territories. The
values reading down show the errors of omission and what categories incorrectly classified pixels were included in; values
reading across show the errors of commission and what pixels were incorrectly included in a habitat class. 1 - Other, 2 Non-shrubby Lowland habitat, 3 - Saturated habitat, 4 - Dense shrub lowland habitat, 5 - Dry upland tundra habitat
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Table 2.5. The percent of terrestrial habitat encompassed by each land cover
class and area estimates of land cover classes from the supervised classification
of the Kendall Island Bird Sanctuary and Fish Island in the Mackenzie Delta,
Northwest Territories.
Class

% terrestrial habitat

Total area in ha

Non-shrubby lowland habitat

25

11752

Saturated habitat

0.7

308

Dense shrub lowland habitat

26

12401

Dry upland tundra habitat

17

8140

Other Habitats (Null Class)

31

14565

Water bodies

NA

38337

48

Table 2.6. Results for three scenarios potentially resulting from the construction
of a natural gas processing facility and pipeline, in breeding Whimbrel habitat on
Taglu and Fish Island in the outer Mackenzie Delta, Northwest Territories.
20i m buffer

50 m buffer

250 m buffer

35.5

54.3

94.7

434.5

415.7

334.0

8

12

29

Max. Whimbrel Pairs (20 ha.)1

21

20

16

Max. Whimbrel Pairs (33 ha.)2

13

12

10

Habitat lost (ha)
Habitat remaining (ha)
Percent habitat lost

1

Maximum number of possible breeding Whimbrel pairs the area of habitat
remaining could support based on an average territory size of 20 ha.

2

Maximum number of possible breeding Whimbrel pairs the area of habitat
remaining could support if the observed density in the field represents a
saturated habitat.
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Figure 2.1. Map showing the location of the Mackenzie Delta in the Northwest
Territories. The red outline represents the approximate boundaries of the
Kendall Island Bird Sanctuary which is shown in more detail in Figure 2.2.
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Figure 2.2. A false colour satellite image of Taglu and Fish Islands in the Kendall
Island Bird Sanctuary, outer Mackenzie Delta, Northwest Territories. The red
outline indicates the boundaries of the sanctuary.
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Figure 2.3. The proposed Taglu Island gas processing facility (pink outline) and
proposed pipeline (gray line) for the Mackenzie Gas Project, wet-sedge lowcentred polygon habitat (purple cross hatch) and the Kendall Island Bird
Sanctuary boundary between Taglu and Fish Islands in the outer Mackenzie
Delta, Northwest Territories.

Figure 2.4. Spatial modeling framework created using Model Builder in ArcMap to develop three potential scenarios that
could result from construction of a natural gas processing facility and pipeline on Taglu and Fish Islands in the outer
Mackenzie Delta, Northwest Territories.
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Figure 2.5. The results of the supervised classification of the Kendall Island Bird
Sanctuary and Fish Island in the outer Mackenzie Delta, Northwest Territories
indicating areas of wet-sedge low-centred polygon habitat (which were visually
identified from within the non-shrubby lowland habitat), four land cover classes,
areas that were unidentified in the classification, water bodies, and areas that
were masked out of the imagery prior to classification.
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Figure 2.6. Locations of ground-truth plots and areas where breeding Whimbrel
were observed in KIBS and on Fish Island in the outer Mackenzie Delta,
Northwest Territories. Lowland sites (blue stars); upland sites (orange circles);
dense shrub lowland sites (green diamonds); areas of breeding Whimbrel
activities (pink crosses). Survey sites may have extended up to several hundred
metres from the marked locations.

Chapter 3: Whimbrel territory and nest-site selection in
the outer Mackenzie Delta, Northwest Territories.
Abstract
I located, monitored and described the habitat for 28 lowland Whimbrel
nests in 2006 and 2007 on Taglu and Fish Islands located within the outer
Mackenzie Delta, Northwest Territories, the site of the proposed Mackenzie Gas
Project (MGP). Whimbrel breeding in wet-sedge low-centred polygon (LCP),
account for 87% of all Whimbrel nesting in the Kendall Island Bird Sanctuary and
the adjacent Fish Island, thus identifying this habitat type as important for
maintaining breeding populations in the outer Mackenzie Delta.
Lowland breeding Whimbrel remained in LCP habitat to forage during
incubation and chick-rearing. Nest-sites had fewer shrubs, were more elevated
and had a greater vegetation density than randomly selected non-nests. Nest
success was significantly higher for nests placed on hummocks (69%) than those
placed on ridges (19%) within the LCP. Successful nests had a higher
vegetation density and percent cover graminoids and were placed further away
from the nearest low shrub than those of failed nests.
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Introduction

The outer Mackenzie River Delta has been identified as an important
location for breeding shorebirds (Tarves, 1987; Dickson et al., 1989; GrattoTrevor, 1994; Gratto-Trevor, 1996). The proposed Mackenzie Gas Project
(MGP), which plans to exploit reserves of natural gas that lie beneath the outer
Delta, is currently undergoing environmental assessment. The MGP proposes
the construction of three onshore gas processing facilities and a 1220 km long
pipeline connecting the facilities to established pipeline systems in northern
Alberta. Construction of the pipeline and facilities may impact shorebird breeding
populations.
The Whimbrel Numenius phaeopus, is a large migratory shorebird that
breeds in the outer Mackenzie Delta in areas that will be affected by pipeline
construction and operations. Gratto-Trevor (1994) estimated that 2600 Whimbrel
nest in the outer Mackenzie Delta (765 000 area) approximately 5% of the North
American population (Morrison et al., 2006). The Whimbrel has been identified
as a Valued Component for the MGP Environmental Impact Statement because
of its status as a species of concern in the Northwest Territories (CESCC, 2006)
and its potential usefulness as an umbrella species for other nesting shorebirds
(AMEC Americas Ltd., 2005; Nature Canada, 2006). Understanding Whimbrel
habitat selection in the Mackenzie Delta is integral to determining the potential
impact development of the MGP might have on Whimbrel breeding habitat.
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In Churchill, Manitoba, Whimbrel breed in three different habitats:
hummock-bog, sedge-meadows and heath-tundra habitats. Whimbrel were
found breeding in greater abundances in hummock-bog habitats and showed a
greater nest success (Skeel, 1983). Previous studies in the Mackenzie Delta
found Whimbrel breeding in wet-sedge low-centred polygon habitat (LCP) on
Taglu and Fish Islands and in wet tussock upland tundra habitats in the
Mackenzie Delta ((Tarves, 1987; Jaques, 1987a, b; Dickson et al, 1989; Dickson
and Smith, 1991; Gratto-Trevor, 1994, 1996; Ashenhurst, 2004). Whimbrel
nested to a lesser extent in dry upland habitats and lowland habitats that lacked
structural complexity or were susceptible to frequent flooding (Dickson et al.,
1989). The density of breeding Whimbrels in wet-sedge LCP habitat (3.3 - 6
pairs/km2) exceeded densities in other habitats (<1 pair/km2) in the outer
Mackenzie Delta (Dickson et al., 1989). Increased densities of breeding
Whimbrel and other shorebirds may provide greater nesting success resulting
from joint detection and chasing of predators (Skeel, 1983; Skeel and Mallory,
1996).
Studies in Churchill, Manitoba found that nesting success differed
between three habitat types. Hypothesized causes included differences in
crypticity resulting from varying habitat complexity, and increased predator
protection in areas with higher nesting densities (Skeel, 1976, 1983). The
selection of a concealed nest-site may decrease the chance of predation;
however some species of birds may select a nest site that provides a clear view
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of their surroundings to increase early detection of predators (Gotmark et al.,
1995). Gratto-Trevor (1994) found that aquatic invertebrates were most
numerous in wet-sedge willow habitats. Previous studies have shown that,
Whimbrel forage close to the nest site during incubation (Dickson et al., 1989),
and remain in the nesting territory to forage with newly hatched chicks (Skeel and
Mallory, 1996).
MGP facility operations may have a negative effect on nesting Whimbrel
through increased disturbance or habitat conversion. Studies have shown that
Whimbrel will tolerate a certain level of disturbance and have been observed
nesting within 230 m of drilling rigs (Barry and Spencer, 1976). However,
Whimbrel respond with aggressive distraction flights when human intruders come
within 100 - 200 m of their nest (Larsen and Moldsvor, 1992; Skeel and Mallory,
1996; Pirie, Pers. Obs.). Human disturbances may expose the nest to increased
predation if the bird departs the nest to deter the intruder. Furthermore, eggs
may be lost due to exposure when nests are disturbed during inclement weather
conditions (AMEC, 2005). Changes to habitat during MGP construction could
also result in lower nesting success if key breeding habitats are impacted.
Increased knowledge of breeding Whimbrel habitat use in the outer Mackenzie
Delta could provide the necessary information to propose modifications that
could minimize the impacts of the MGP if it is approved.
The objectives of this study were: 1) to identify and define areas of
Whimbrel breeding habitat in the outer Mackenzie Delta; 2) to compare nest
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habitat to the available habitat to determine if Whimbrel exhibit nest selection
preferences; 3) to assess nest success in relation to microhabitat characteristics;
4) to determine whether nest placement was random, clustered or spread out to
maximize spacing; 5) to assess whether change in nest temperatures during
parental departures can be used to assess the response of breeding Whimbrel to
human disturbances.
Methods
Study Area

I conducted field studies in the Kendall Island Bird Sanctuary (KIBS) and
on the adjacent Fish Island in the outer Mackenzie Delta of the Northwest
Territories (Chapter 2, Figure 2.1). Field camps were established in coordination
with the Program for Regional and International Shorebird Monitoring (PRISM)
and the Canadian Wildlife Service (CWS) who were continuing on-going
shorebird research in the area. In 2006 I established camp on Taglu Island
(69°22'4"N, 134°57'17"W) and in 2007 on Fish Island (69°22'21"N,
134°53'38"W).
The field site lies east of the Mackenzie Bay bordering the Beaufort Sea
coast and is a subdivision of the Arctic Coastal Plain Region. Taglu and Fish
Islands are low lying alluvial islands dominated by Arctic sedge wetland habitat.
Taglu Island is within KIBS, which was established by the CWS in 1961 to
provide long-term protection for migratory birds and their key habitats (CWS,
1992); Fish Island lies adjacent to the sanctuary. In areas with poor drainage,

60

low-centre polygons (LCP) vegetated with hydrophilic graminoids (Carex sp.)
Equisetum and Salix are common with willows and forbs growing on the raised
polygon ridges (ridges) and hummocks. Polygons varied considerably in size,
but were typically 10-20 m with bordering ridges 1 - 2 m wide and about 0.1 - 0.3
m above water level. In late May or early June the ice in the channel breaks up.
This often causes temporary flooding of Taglu and Fish Islands, and deposits
nutrient-rich sediments in the wetlands (Burn, 2002). Other areas in KIBS are
dry Pleistocene upland habitats with patches of wetland areas exhibiting highcentred polygon (HCP) or LCP structures. Uplands are vegetated with sedge
tussocks (Carex sp.), Salix (less than 0.5 m in height), Ericaceae and other
herbaceous plants. Patches of shrubs reaching heights of up to 3 m are
scattered throughout.
There were a variety of avian and terrestrial predators in the study area.
Terrestrial predators were predominantly Arctic Fox Alopex lagopus. Avian
predators include Rough-legged Hawk Buteo lagopus, Raven Corvus corax, and
Short-eared Owl Asio flammeus.
Nest Searching and Monitoring

Nest observations were made from 7 June to 18 July in 2006 and 7 June
to 21 July in 2007. I intensively surveyed all of Taglu and Fish Islands to find
Whimbrel nests in both years of my study. Additionally, the PRISM team
intensively surveyed five 12 ha plots on Taglu Island in 2006 and an additional
five 12 ha plots on Fish Island in 2007. Four of the plots surveyed on Taglu
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Island in 2006 were resurveyed in 2007. Selection of plots was based on
preliminary observations of breeding shorebirds. These plots were surveyed
daily by two observers for periods of four hours at a time. Shorebirds were
identified and behaviour was monitored to determine locations of nests and
territories. Whimbrel are aggressive and act defensively when a human is within
their nesting territory with aggressive displays, scolding trill calls and flushing
(Skeel and Mallory, 1996). When I observed this behaviour, I searched all
hummocks and ridges within several hundred metres for nests. In some cases,
the territories of more than one Whimbrel pair overlapped. To identify the
territories of the individual pairs, surveyors would split up and each would follow
one pair until the nest was found.
In addition, I systematically surveyed patches of a variety of habitat
elsewhere throughout KIBS, ranging in size from 2 0 - 1 0 0 ha including upland
habitats with neighbouring wetland valleys (n=12), dense willow patches (n=6),
and other lowland habitats exhibiting various degrees of structural complexity
and moisture (n=37) for evidence of breeding Whimbrel. Potential locations to
search were identified using visual interpretation of IKONOS satellite imagery
(Chapter 2). I selected areas distributed throughout the study site that covered
as many different habitats as possible. A 10 foot zodiac with a 9.9 hp outboard
motor was used to travel throughout the study site.
I recorded nest locations using a Global Positioning System (GPS) unit
and marked nests with a wooden tongue depressor 1 m North of the nest to
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assist with relocation of the nests on subsequent visits. I was unable to place
nest markers further from the nests because nest sites were typically surrounded
by water up to 25 cm deep. Tongue depressors were relatively camouflaged in
the habitat and were not believed to increase predation. Nests were revisited
every three days to determine nest fate. The use of temperature data loggers
(see Nest Disturbance) required observers to approach the nest at a close
distance. Observers limited compression of vegetation around the nest by
staying off the hummocks and ridges. Minimal time was spent during each revisit
to avoid cueing potential predators.
Radio-tracking Adult Whimbrel

In 2007 I attached radio-transmitters (Model BD-2, Holohill Systems Ltd.)
to seven adult Whimbrel captured at the nest using walk-in nest traps (protocols
reviewed by NWRC, Environment Canada, Animal Care Committee). I used the
R-1000 telemetry receiver (Communications Specialists Inc.) and a 3-element
Yagi directional antenna (Wildlife Materials Inc.) to locate Whimbrel with
transmitters. Locations were recorded and plotted on maps to determine
whether Whimbrel remained near the nest or if they moved to different habitat
types for foraging during incubation and subsequent chick rearing.
Territory and Nest Habitat

I examined habitat at two different scales around each Whimbrel nest; at
the nest itself and at the scale of the territory. At the scale of the territory, I
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described the general habitat for approximately 250 m radius around each nest
(approximately 20 ha). Territories were not mapped, but Whimbrel actively
defended their nests against human intruders within a 200 - 250 m radius around
the nest (Pirie, pers. obs.). I estimated the approximate vegetation cover for
graminoids, low shrubs, tall shrubs and moss within the 250 m radius. Visual
estimates were made of the proportion of standing water, including ponds and
standing water within LCP centres. Surface roughness related to density of
landscape structures such as hummocks, ridges and tussocks was assigned as
low, medium or high (Rodrigues, 1994). I assessed soil moisture by the amount
of water that seeped out into my footprints when walking across the ground and
defined it as dry, moist, wet or saturated.
At the scale of the nest, I took microhabitat measurements within a few
metres around each nest and at five random non-nest sites within the territory of
each nesting Whimbrel pair. Non-nest sites were selected within the territory
boundaries to provide a more accurate analysis of nest-site selection (Jones,
2001; e.g. Ramsay et al., 1999). Selection of available habitat without
considering territory boundaries may include habitat that is not available to the
study species (Jones, 2001). Non-nest sites were selected by choosing random
coordinates, but if the chosen location was an area of standing water I selected
the nearest hummock or ridge to represent areas where Whimbrel could
potentially nest. Percent vegetation composition was estimated within a i m
radius of the nest (graminoid, dwarf shrub (<0.1 m), low shrub (<0.5 m), herbs,
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mosses and equisetum). The percent of standing water in the LCP centres
within a 1 m radius of the nest was measured. Vegetation height at nest, 1 m
from nest and 3 m from nest were measured in each cardinal direction. I used a
grid (22 cm x 28 cm) to determine the vegetation density at the nest at ground
level and at 1 m in each cardinal direction. Density was estimated as the
percentage of the grid that was obscured when observing the grid from the nest.
Distance from the nest to the nearest shrub, height of nearest shrub, distance to
nearest standing water, water depth and elevation of the nest were recorded.
I used the Hawth's Tools extension for ArcMap 9.2 (Beyer, 2008) to
calculate distances between conspecific nests. The distance from each nest and
random non-nest site to the lake was calculated using the ruler tool in ArcMap.
Statistical Analysis

Statistical analysis of micro- and macro-habitat was performed using
SPSS (15.0). I combined dwarf shrubs and low shrubs into one shrub category
to account for inconsistencies in classifying shrubs into size categories. Since
values of percent herbs and percent equisetum were low, I combined them into
the category "forbs". Percent water was excluded from analysis because its
mean was <5% and preliminary analyses showed no effect. For vegetation
height and vegetation density, measurements for the four cardinal directions
were averaged.
I conducted a two-tailed Pearson correlation to assess collinearity
between the habitat variables. Percent moss and percent forbs were negatively
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correlated with percent graminoids (p<0.01) therefore only percent graminoids
was used for further analysis. A two-way ANOVA was used to determine if there
was a year effect between vegetation on hummock and ridge nest and non-nest
sites. Minimal differences in microhabitat vegetation were observed between
years so I pooled data from both years.
I compared the microhabitat of nests to non-nest sites using two-tailed ttests. I did not use DFA because setting prior probabilities proportional to the
sample sizes did not work well owing to the large differences between nest and
non-nest sample sizes. Non-parametric Mann-Whitney U tests were used to test
distance to nearest shrub and distance to nearest standing water. I also
compared the microhabitat of nests on hummocks to non-nests on hummocks,
and nests on ridges to non-nests on ridges using two-tailed t-tests.
I used discriminant function analysis (DFA) to test for microhabitat
differences between failed and successful nests, and between nests on
hummocks and nests on ridges. The stepwise Wilk's Lamda method was used
to evaluate the nest habitat variables. For classification, I set the prior
probabilities proportional to the initial sample size. Significance was assessed
for chance corrected classifications (Titus et al. 1984). I used the non-parametric
Mann-Whitney U test to determine if the distance to the nearest neighbour or the
distance to the nearest lake differed between failed or successful nests.
To study nest dispersion I used the Clark and Evans test to determine if
Whimbrel nests were aggregated, over-dispersed or randomly placed on Fish
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Island (Clark and Evans, 1954). Nests on Taglu Island (n=6) were not analysed
for dispersion because of the small sample size. Z-tests were used to assess
significant deviations from random patterns (Krebs, 1989).
I used the Mayfield method to estimate nest success for Whimbrel nests
(Mayfield, 1961). A nest was considered successful if it hatched at least one
chick. A mean of 24 days was used to represent the incubation period for
Whimbrel (Skeel, 1983). If a nest was found abandoned or depredated on a visit,
I arbitrarily assumed that the nest failed halfway between that visit and the
previous visit (3 day intervals; Mayfield, 1961). All abandoned and depredated
nests were considered failed nests. Standard error for the daily survival rate was
calculated following Johnson (1979). I compared daily survival rates between
nest site types (hummocks versus ridges) using CONTRAST (Hines and Sauer,
1989).
Nest Disturbance

I placed digital temperature data logger i-buttons (Maxim Integrated
Products, DS1922L) in each nest beneath the eggs and slightly covered them
with nesting materials to estimate attentiveness patterns based on changes in
nest temperature, i-buttons were programmed to take temperature readings
every two minutes and were retrieved and replaced every three days. To test
whether i-button temperature data could be used to measure whether a
Whimbrel was away from the nest, I also set up video cameras at a sample of
seven nests to record nest activities for a period of four hours at each nest.
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Video cameras were set up on tripods at least 30 m from each nest and did not
appear to influence incubating Whimbrel behaviour. The clock on the video
camera was calibrated with i-button times to ensure that recording times
corresponded with temperature times. I reviewed video footage and recorded
the time the Whimbrel returned to its nest after I departed and the times of
departures and returns throughout the video recording. Times were compared to
i-button readings to determine if the temperature within the nest changed during
the absence of a brooding Whimbrel.
Results
Territory Selection at the Landscape Level

In 2006 and 2007 I found and monitored 28 Whimbrel nests on Taglu and
Fish Islands (Figure 3.1).

All nests on these islands were located in wet-sedge

LCP habitat on hummocks surrounded by water within polygon centres or on the
raised polygon ridges (Figure 3.2). This habitat accounts for 40% (470 ha) of
available wet-sedge LCP habitat in the study area. The remaining LCP habitat
had greater densities of shrubs on ridges and shrubs growing throughout polygon
centres, and showed no indication of breeding Whimbrel activities. Surveys of
other lowland habitat types (dry grassland meadows, saturated wetlands, dense
willow habitats) in the study area did not find breeding Whimbrel. In 2006 and
2007,1 ground surveyed approximately 6000 ha of upland tundra habitat
throughout the study area. I found and monitored one Whimbrel nest in upland
habitat. Three other upland areas had two or more pairs of Whimbrel exhibiting
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breeding activities but were visited late in the season when nests were likely
already hatched. An estimated 3140 ha of upland tundra habitat, approximately
40% of all upland tundra in the study area, appeared to have breeding Whimbrel
activity, but likely supported no more than four pairs. The single upland nest was
excluded from habitat analysis.
Habitat Use Beyond Nest-Site

Radio-transmitters were placed on seven adult Whimbrel nesting on Fish
Island. Only four of these Whimbrel retained their transmitters or remained at the
field site throughout the incubation period. Two transmitters fell off and one
Whimbrel had its nest depredated and left the area. Whimbrel were never
recorded at locations with habitat differing from the nest site between June and
July during incubation and for a week following hatch. Locations recorded after
nest-hatch suggested that chick-rearing was continued in the nesting territory
(Figure 3.3).
Habitat within Territory

All nesting territories found were located completely within wet-sedge LCP
habitat. Visual estimates of vegetation cover for Taglu and Fish Islands were
approximately 55% graminoids, 20% low shrubs, 10% bare moss and 15% other.
Standing water with emergent graminoids contained within the centres of LCP's
covered approximately 60% of the area on both islands. This reflects the mosaic
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of dry vegetation on which nests occurred, surrounded by emergent vegetation in
standing water.
Habitat at Nest-Site

Percent shrubs, elevation and vegetation density differed between nestsites and non-nests (Table 3.1). Nests were situated on hummocks (n=13) or
low, raised polygon ridges (n=15; Figure 3.4). Fewer non-nests were on
hummocks (n=27) than on ridges (n=113; Table 3.2) indicating a difference in
availability of the two microhabitat types. Hummocks had a greater density of
graminoids and a lower percentage of shrubs. Ridges had a greater variety of
vegetation with more shrubs, herbs and Equisetum (Figure 3.5 a, b; Table 3.3).
Microhabitat did not vary between years so data were pooled for 2006 and 2007.
The DFA supported univariate analyses, indicating significant differences
between nests on hummocks and nests on ridges. Classification of the DFA was
96.1% correct (a 90% improvement on chance, Table 3.4, P<0.001). Nests on
ridges had fewer graminoids and more shrubs than nests on hummocks. The
nearest shrub was significantly farther away for hummocks. Vegetation density
at the nest was lower for ridge nests while density at 1 m was decreased for
hummock nests because hummocks are surrounded by water (Figure 3.6 a).
Nests on hummocks were significantly further away from nesting conspecifics
than nests on ridges, while distance to nearest lake (large open water bodies, not
associated with LCP's) did not differ (Table 3.5). No significant differences were
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observed when comparing the microhabitat of hummocks for nests and non-nest
sites, or ridges for nests and non-nest sites.
Nest Success and Density

Successful nests had a higher percentage of graminoids and greater
vegetation density (excluding shrubs) at the nest than failed nests. Classification
based on the DFA was 82% with a 6 1 % improvement on chance (Table 3.4,
p<0.001). The nearest shrub was closer in failed nests and was taller than the
nearest shrub to a successful nest (Figure 3.6b; Table 3.6). Distance to nearest
neighbour and nearest lake did not differ between failed or successful nests.
Nest success differed between nests on hummocks and ridges. The daily
survival rate was significantly higher on hummocks. The survival of a nest over
the 24 day (average) incubation period was 69% on hummocks (n=13) compared
to 19% for ridge nests (n=15; Table 3.7). Most nest failure was due to predation
with the exception of two nests in 2007, one which had two cold eggs that
showed signs of pipping and one for which was found empty early in the
incubation stage.
The density of Whimbrel nests in wet-sedge LCP habitat on Fish Island
was 2.85 and 3.4 pairs/km2 in 2006 and 2007 respectively. Nest placement in
2006 and 2007 did not show any significant departure from randomness (Table
3.8). The density of Whimbrel nests on Taglu Island was 3.3 pairs/km2 in 2006
and 1.7 pairs/km2 in 2007. Nest dispersion could not be evaluated for Taglu
Island due an insufficient sample size.
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Nest Temperature and Disturbance

The i-buttons were unable to detect significant temperature differences
during the time that Whimbrel were absent from the nest (n=4; Table 3.9). Ibutton data was only available for four nests due to i-buttons missing from nests
after the three day temperature recording period, presumably removed by adult
Whimbrel. Nest temperatures ranged from 20°C to 24°C whether the bird was on
or off the nest. It took Whimbrel a mean time of 09:11 (minutes:seconds; SE =
01:55) to return to the nest after I departed the area. Whimbrel left the nest 2-3
times during the four hour recording period and were away for a mean 06:27 (SE
= 01:16).
Discussion
Whimbrel Nest Landscape

When determining an appropriate nest-site Whimbrel must make a
number of hierarchical decisions (Gochfeld, 1977; Johnson, 1980; Burger, 1985;
Hutto, 1985), including identifying a suitable landscape, territory, and finally a
nest site. A small population of Whimbrel nest in wet-sedge LCP habitat in the
outer Mackenzie Delta. Despite extensive ground surveys there was no
evidence that Whimbrel use other lowland habitat types for breeding. Many of
these alternative habitats lack the structural complexity that is afforded by wetsedge LCP habitat, and they may have increased potential for flooding. Annual
flooding occurs in the springtime (late May to early June); the presence of raised
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ground such as hummocks and ridges may allow earlier nest initiation for
Whimbrel because they become exposed sooner as waters recede (Dickson et
al., 1989). Furthermore, nest sites become available while adjacent flooded
areas are available for foraging. Low-lying habitats without ridges may also be
subject to summer flooding as a result of high winds and rain. This was
observed on Niglintgak Island on the west side of KIBS in 2006, where most
lowland Red-necked Phalarope (Phalaropus lobatus) nests were lost to rising
water levels after an intense windstorm (Beveridge, 2007). The placement of
nests on raised ground such as hummocks and polygon ridges would reduce the
risk of nest loss during flooding events.
Selection of a more complex and irregular habitat structure may also
enhance the crypticity of the nest and the incubating bird (Skeel, 1983). The
irregularity and complexity of wet-sedge LCP habitat could make it difficult for
avian predators to spot the large Whimbrel eggs in open nests (egg sizes: length
60.7 ± 0.3 (SE) mm (range 59.3 - 63.5), breadth 41.2 ± 0.2 mm (range 38.8 43.2); n = 19, Pirie, Pers. Obs.; Skeel, 1983). However, some wet-sedge LCP
habitats may not be suitable if the waters surrounding raised ground are too deep
(Dickson et al., 1989) causing problems for foraging for adults and their broods.
Whimbrel were also observed nesting in dry upland tundra habitats that
were interspersed with patches of structurally complex wetland valleys. Several
areas of upland habitats within KIBS showed evidence of breeding Whimbrel in
low densities (Ashenhurst, 2004; Pirie, Pers. Obs.). Surveys of four upland
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habitat plots (66 and 168 ha) further inland in the Mackenzie Delta estimated
densities of 2.4 to 7.1 Whimbrel nesting territories per square kilometre
(Johnston et al., 2007). Little is known about upland breeding Whimbrel habitat
preferences and further studies are necessary to compare nesting behaviour and
microhabitat selection in upland habitat with those birds in this study that nested
in wet-sedge LCP habitat.
Foraging and Chick-rearing Habitat

Wet-sedge LCP habitat provides both nesting and foraging habitat for
breeding Whimbrel. Through radio-tracking of adults during incubation and
following hatch, I determined that no other habitat type plays a role for foraging
during incubation or during chick-rearing for these birds. This suggests that food
availability within the nest territory plays a significant role in the selection of
territories and nest-sites.
Nest Habitat and Nest Success

Comparison of nest habitat to non-nest habitat within the nesting territory
showed that the percent of shrubs, elevation, vegetation density at the nest and
the availability of hummocks or ridges may influence Whimbrel nest-site
selection. In this study I found Whimbrel nesting on two microhabitat types within
the wet-sedge LCP habitat: hummocks and polygon ridges. Only slightly more
nests were found on ridges (n=15) than hummocks (n=13), despite the fact that
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random selection of non-nest sites indicated that ridge habitat was 5 times more
abundant than hummock habitat (Table 3.2).
In both 2006 and 2007, nest success was higher for nests placed on
hummocks than those placed on ridges. Microhabitat showed several significant
differences between hummock and ridge nest sites. Hummocks were
predominantly vegetated with graminoids and may provide a better view of the
surroundings; while the presence of shrubs (> 0.1 m) around nests on ridges may
result in a limited view of the surroundings, despite the potentially greater
concealment they may offer. Successful nests were further from the nearest
shrub than failed nests which may support the theory that a nearby shrub hinders
the ability of a sitting Whimbrel to detect approaching predators. An
unobstructed view of the surroundings may be beneficial by allowing early
detection of nest predators by territorial species (Finch, 1989; Gotmark et al.,
1995). Whimbrel are territorial species and often engage in aggressive and
distractive displays to chase off potential aerial and ground predators (Skeel and
Mallory, 1996). Increased visibility around the nest may allow Whimbrel to
quickly identify potential predators thereby reducing the chance of nest predation.
Another possible reason for the difference in nest success is that
terrestrial predators (e.g., Arctic Fox) may be able to access the nests more
readily. Foxes may prefer to travel on dry ground, and thus would be less likely to
discover or depredate a nest on a hummock. Because the differences in
vegetation between successful and unsuccessful nests were closely correlated
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with differences between ridges and hummocks, it was not possible to distinguish
effects due to differences in vegetation versus those due to differences in
geometry of the sites.
Nest Spacing

Nest spacing is described as a behavioural trait that may increase the
effectiveness of camouflage (Tinbergen et al., 1967). Whimbrel eggs are
relatively large and when exposed may be easily visible to predators. In an area
where nests are closely spaced there is higher potential for nest locations to be
revealed to predators when adults depart from and return to the nest (Skeel,
1983). While the close proximity to other nests may increase the predation
pressure on an individual's nest, the presence of nearby conspecifics contributes
to joint defence against predators (Skeel, 1983). In the Mackenzie Delta,
adjacent Whimbrel pairs often assist with aggressive tactics to deter aerial
predators (L. Pirie, pers. obs.). Skeel (1983) suggested that the distance
between nests is a compromise between reducing detection and enhancing joint
defence. In Churchill, Manitoba, Whimbrel nests in hummock-bog habitat were
further from their nearest neighbour than would be expected if distribution was
random and had an 86% nest success (Skeel, 1983). The limited availability of
suitable habitat on Fish Island may restrict nesting Whimbrel from attaining the
wide spacing of nests seen in the hummock-bog habitat in Churchill. A complete
comparison of nests in Churchill to nests on Fish Island would be necessary to
fully evaluate the effects of dispersion.
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Nest Temperatures and Disturbance

The inability of i-buttons to detect temperature changes during departures
from the nest may have been due to the placement of i-buttons underneath
vegetation in the nest on the cool moist ground. It was necessary to ensure ibuttons were covered well as several that were inadequately hidden disappeared
from the nest, presumably removed by Whimbrel. However, this probably meant
they were not sensitive to any small changes in temperature of the nest contents.
The recorded temperatures were much lower than the lower metabolic
temperature for the eggs. Based on the video footage, Whimbrel returned
quickly to the nest when a perceived human threat left the area (Table 3.8).
However, any departure from the nest may be observed by watchful predators
who may return at a later time to depredate the nest. Departures from the nest,
as observed from video footage, either for foraging or to partake in predator
mobbing lasted for short periods of time (Table 3.8).
Conclusions
Lowland wet-sedge LCP habitats are an important breeding habitat for
breeding Whimbrel. Lowland breeding Whimbrel forage, nest and rear their
chicks completely within wet-sedge LCP habitats and often within 250 m of the
nest itself. Whimbrel appear to select nest-sites that provide increased visibility
around the nest, potentially allowing them a clear view of approaching predators.
Whimbrel exhibit nest-site selection preferences for hummocks over polygon
ridges, and had greater nest success on hummocks. However, there is a low
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abundance of suitable hummocks in wet-sedge LCP habitat which in combination
with Whimbrel territoriality may force some nesting pairs to select less suitable
ridge sites. Whimbrel response to human intruders and their apparent
preference of wet-sedge LCP habitat over upland habitats suggests that
industrial developments in the outer Mackenzie Delta should take careful
consideration and look at alternatives when planning development in known
lowland Whimbrel breeding habitat.
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Table 3.1. Comparison of microhabitat characteristics of Whimbrel nests and
non-nest sites using two-tailed t-test and Mann-Whitney U tests.
Mean ± SE
Nest

Mean ± SE
Non-Nest

fori/

Graminoids (%)

51.96 ±3.61

46.07 ±1.31

f = 1.768

Shrubs (%)

10.54 ±2.79

15.07 ±1.20

t = -2.127*

Vegetation height at nest
(m)

0.14 ±0.01

0.12 ±0.01

f = 1.390

Vegetation height at 1 m
(m)

0.15 ±0.01

0.15 ±0.01

t = -0.068

Vegetation height at 3 m
(m)

0.11 ±0.01

0.12 ±0.01

t = -0.652

Nearest standing water (m)

1.59 ±0.15

1.85 ±0.19

U= 1869.50

Nearest shrub (m)

0.23 ±0.12

0.35 ± 0.09

U= 2275.50

Height of Shrub (m)

0.20 ± 0.02

0.19 ±0.01

t = 0.546

Elevation of nest (m)

0.18 ±0.01

0.14 ±0.01

t = 2.623*

Vegetation density at nest
(m)

0.12 ±0.02

0.08 ± 0.01

t = 2.853**

Vegetation density at 1 m
(m)

0.17 ±0.02

0.17 ±0.01

t = 0.290

Water depth (m)

0.07 ±0.01

0.06 ± 0.01

t = 1.965

Microhabitat Variable

Significance: **, highly significant (P<0.005); *, significant (P<0.05)
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Table 3.2. A comparison of the number of Whimbrel nests and non-nests located
on hummocks and ridges using a two-tailed t-test.
Hummock

Ridge

No. of nests

13

15

No. of non-nests

27

113

Significance: **, highly significant (P<0.005); *, significant (P<0.05)

f-value

-3.150**
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Table 3.3. Comparison of microhabitat characteristics of hummocks and ridges
for Whimbrel nests and non-nest sites.
Nest or non-nest

Mean ± SE
Hummock

Mean ± SE
Ridge

Nest

62.69 ±5.12

42.67 ± 3.75

Non-nest

56.67 ± 2.92

43.54 ±1.36

Nest

6.54 ±1.31

14.00 ±1.56

Non-nest

9.81 ±2.65

16.33 ±1.00

Nest

0.14 ±0.01

0.13 ±0.01

Non-nest

0.12 ±0.01

0.12 ±0.01

Nest

0.15 ±0.01

0.16 ±0.01

Non-nest

0.15 ±0.01

0.15 ±0.01

Nest

0.11 ±0.02

0.12 ±0.01

Non-nest

0.07 ± 0.01

0.13 ±0.01

Nest

1.30 ±0.19

1.84 ±0.20

Non-nest

1.57 ±0.19

1.92 ± 0.23

Nest

0.21 ±0.03

0.13 ±0.04

Non-nest

1.29 ±0.37

0.03 ±0.01

Nest

0.21 ± 0.03

0.18 ±0.02

Non-nest

0.22 ± 0.02

0.18 ±0.01

Nest

0.18 ±0.02

0.17 ±0.01

Non-nest

0.14 ±0.02

0.14 ±0.01

Nest

0.15 ±0.04

0.10 ±0.02

Non-nest

0.07 ±0.01

0.08 ±0.01

Nest

0.15 ±0.04

0.20 ± 0.02

Non-nest

0.19 ±0.03

0.16 ±0.01

Nest

0.08 ±0.01

0.07 ± 0.01

Non-nest

0.06 ±0.01

0.05 ±0.01

Microhabitat Variable
Graminoids (%)

Shrubs (%)

Vegetation height at nest (m)

Vegetation height at 1 m (m)

Vegetation height at 3 m (m)

Nearest standing water (m)

Nearest shrub (m)

Height of Shrub (m)

Elevation of nest (m)

Vegetation density at nest (m)

Vegetation density at 1 m (m)

Water depth (m)
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Table 3.4. Discriminant function analysis of microhabitat variables of Whimbrel
nest-sites on failed vs. successful and hummocks vs. ridges. Values represent
the level of discrimination for each variable between each set of comparisons.
Only microhabitat variables contributing to the discrimination are shown.
Variable
Graminoids (%)

Failed vs. Successful
Nest Sites

Hummock vs. Ridge

0.848

0.508
-0.869

Shrubs (%)
Nearest shrub

0.879

Height of nearest shrub

-0.904

Vegetation density at nest

0.628

Vegetation density at 1 m
% Correct Classification
% Improvement on Chance
PO.001

0.969

0.882
-1.024

82.1

96.4

61

96
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Table 3.5. Comparison of macro-habitat measurements between Whimbrel
nests on hummocks and ridges and successful and failed nests.
Distance to nearest lake (m)

Nest on hummock

Mean ± SE
625.15 ± 109.91

U
86.0"s

Nest on ridge
Successful nest

598.33 ± 105.16
637.46 ± 145.45
90.0"s

Failed nest

593.51 ± 82.96

Distance to nearest
neighbour (m)
Mean ± SE
U_
411.28 ±47.30
31.5
224.68 ± 35.81
381.43 ± 58.23
55.5'
265.95 ± 38.29
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Table 3.6. Comparison of microhabitat characteristic of failed and successful
Whimbrel nests.
Mean ± SE

Mean ± SE

Failed

Successful

Graminoids (%)

46.76 ±4.18

60.00 ± 6.00

Shrubs (%)

11.47 ± 0.94

9.09 ± 2.85

Vegetation height at nest (m)

0.14 ±0.01

0.14 ±0.01

Vegetation height at 1 m (m)

0.15 ± 0.01

0.16 ± 0.01

Vegetation height at 3 m (m)

0.13 ±0.01

0.10 ±0.02

Nearest standing water (m)

1.61 ± 0.21

1.56 ± 0.20

Nearest shrub (m)

0.02 ± 0.01

0.56 ± 0.28

Height of Shrub (m)

0.21 ± 0.02

0.17 ±0.02

Elevation of nest (m)

0.19 ± 0.02

0.16 ± 0.02

Vegetation density at nest (m)

0.10 ±0.02

0.15 ±0.04

Vegetation density at 1 m (m)

0.16 ± 0.02

0.20 ± 0.04

Water depth (m)

0.07 ± 0.01

0.07 ± 0.01

Microhabitat Variable
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Table 3.7: Mayfield estimates of nest survival for Whimbrel nesting on
hummocks and ridges.
Nest Site Type
Hummock

Polygon Ridge

No. of nests

11

13

No. of nest days without
losses

197

133

3

9

Estimated daily survival rate
of a nest (s)

0.985

0.932

SEofs

0.009

0.022

No. of nests lost

X2

4.97, p = 0.03

df=2

Nest Success (nest survival
rate based on average
incubation time of 24 days)

0.692

0.186
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Table 3.8. Nesting densities of Whimbrel and distance to nearest neighbour in
wet-sedge low-centred polygon habitat on Fish Island, Mackenzie Delta,
Northwest Territories.

No.
of
pairs

Total
area
(km2)

No. of
pairs/km2

Observed
mean distance
to nearest
neighbour
(m ± SE)

Expected
mean
distance if
randomly
distributed

R3

(m ± SE)

2006

10

3.5

2.86

312.71 ±20.4

295.80 ±48.9

UJQ1

2007

12

3.5

3.42

248.36 + 69.2

270.03 ± 40.7

0.92'

Overall

22

7.0

3.14

277.61 ± 38.7

a

R is a measure of departure from random distribution. Values range from 0
(maximum aggregation) to 2.1491 (maximum spacing). A value of 1 indicates
random distribution.
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Table 3.9. Mean nest temperatures during periods when Whimbrel is on and off
nest, number of departures and length of time away from nest during departure
as observed during a 4-hour period, and the time taken by Whimbrel to return to
the nest after video cameras were set up.
Nest Mean Temp on Mean Temp off
nest (°C)
nest (°C)

No.
departures

Mean time
away (min)

Initial return
time (min)

21.90

21.67

3

4.86

6.82

20b*

-

-

1

-

6.32

21**

-

-

1

1.12

12.13

22**

-

-

2

4.80

4.55

25

20.26

20

2

5.78

7.78

26

23.35

23

2

9.03

16.48

27

22.17

22.25

2

7.67

8.2

"20

* A second attempt was made to video tape nest W20. The bird departed the
nest only once near the end of the four hour taping period and did not return
before the taping was finished and has no i-button data available.
**Retrieval of the i-buttons for W21 and W22 was unsuccessful therefore no
mean temperatures are available.
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Figure 3.1. Map showing the locations of Whimbrel nests found in 2006 (blue
stars) and 2007 (red crosses) on Taglu and Fish Islands, in the outer Mackenzie
Delta, Northwest Territories. The red line indicates the eastern boundary of the
Kendall Island Bird Sanctuary between Taglu and Fish Island.
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Figure 3.2. An example of wet-sedge LCP habitat on Fish Island in the outer
Mackenzie Delta, Northwest Territories. The light polygon shaped features are
raised polygon ridges. The darker areas represent standing water with emergent
graminoids. The pale circular shapes are hummocks (one representative
example.is marked)

89

Figure 3.3. Location of radio-tracking points for adult Whimbrel breeding on Fish
Island in the outer Mackenzie Delta, Northwest Territories. The * represents the
nest and the + represents the points where tracked birds were observed.

Figure 3.4. Example of three Whimbrel nests showing a 250 m radius around
each to indicate the approximate size of their territories. These are not intended
to show actual territory boundaries, but rather to provide a visual representation
of the availability of hummocks and polygon ridges within a territory. In reality,
nests are unlikely to be placed in the centre of a territory and territories are
unlikely to be circular. Nests are identified by red crosses and the red circles
indicate a 250 m radius around the nest.
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Figure 3.5. Example of a Whimbrel nest on a hummock (a) and on a ridge (b) in
wet-sedge low-centred polygon habitat in the outer Mackenzie Delta, Northwest
Territories.
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Hummock vs. ridge

**

Less graminoids, more shrubs, less vegetation
density at nest, closer to nearest shrub

More graminoids, greater vegetation density at nest,
Nearest shrub shorter and further away.
Figure 3.6. The distribution of discriminant function scores comparing failed and
successful Whimbrel nests (above) and nests on hummocks and nests on ridges.
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Chapter 4: General Discussion
This study identified lowland wet-sedge low-centred polygon (LCP) habitat
as important for Whimbrel foraging, nesting and chick-rearing. Dry upland tundra
habitat was also used but to a much lesser extent in the study area. Further
study is needed to determine the suitability of this habitat in the absence of
suitable lowland habitats.
In chapter 2 I indentified the benefits and limitations of using IKONOS
satellite imagery and supervised classification techniques to develop a habitat
classification for the Kendall Island Bird Sanctuary (KIBS) and adjacent Fish
Island. IKONOS imagery was able to identify areas of wet-sedge lowlands but
spectral classifications could not differentiate between areas of patterned and
unpatterned ground. Combinations of spectral analysis and visual identification
of the LCP pattern type were necessary to produce a suitable habitat map for
Whimbrel breeding in the outer Mackenzie Delta. Software that also extracts
textural features could be valuable in situations such as this one, in which the
spectral information alone insufficiently identifies spectrally heterogenous
landscape structures (Ruiz et al., 2004).
Statistical methods based on the grey level cooccurrence matrices
(GLCM), energy filters and edgeness factors, Gabor filters and more recently
wavelet transform based methods can be used to extract textural information
from high resolution satellite imagery (Ruiz et al., 2004). GCLM tabulates the
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frequency of occurrence of different combination of pixel brightness values within
an image to identify textural features (Hall-Beyer, 2007). Energy filter and
edgeness identify textures by calculating energy and the density of edges in the
neighbourhood of a pixel (Ruiz et al., 2004). Gabor filters are composed of a set
of Gaussian filters that analyse different radial frequencies and orientations (Ruiz
et al., 2004). Wavelet transform based methods decompose the original images
into a series of images with different trends and fluctuations (Junjie et al., 2004;
Ruizetal., 2004).
Alternatively, there is now a sophisticated software program that goes
beyond spectral and spatial pattern recognition called eCognition. eCognition
operates on the concept that image interpretation should be based on meaningful
image objects and their mutual relationships rather than individual pixels. Using
a segmentation algorithm, eCognition extracts homogenous image objects by
integration of different object features such as spectral values, object shapes and
contrast (Definiens Imaging, 2004). It would be worthwhile, in the future to test
whether eCognition can recognize the LCP habitat.
In Chapter 3 I observed that lowland breeding Whimbrel nested in wetsedge LCP habitat and avoided habitats that had dense shrubs, low structural
complexity or were too dry. Within these wet-sedge LCP habitats, nest success
was correlated with better visibility of the surroundings. This may be related to
the defensive behaviour of Whimbrel which respond to approaching predators
with aggressive/mobbing distraction techniques (Skeel, 1983). Whimbrel may
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select nests that have a lower density of shrubs, are elevated higher above
standing water and greater densities of herbaceous vegetation than that of nonnest sites to enhance visibility. However, these differences were confounded
with differences between the microhabitat of hummocks and ridges. An
alternative explanation is that ridges may have been more accessible to
terrestrial predators such as Arctic Foxes which were observed in the area.
Information was not available on which predators led to nest failure. Although
nest success was higher on hummocks, limited availability of suitable hummocks
may have forced many Whimbrel to nest on apparently less suitable ridge sites.
Conservation

The limited availability of suitable wet-sedge LCP habitat in the outer
Mackenzie Delta suggests that conservation of this unique habitat is imperative
for maintaining Whimbrel breeding populations there. This should be considered
when conducting scenario analyses as described in chapter 2. Scenario
analyses are an important component to conducting a thorough environmental
assessment of the impacts development might have on wildlife and wildlife
habitat. My scenario analyses determined the amount of habitat that may be lost
with the construction of a gas processing facility on Taglu Island and a pipeline
that crosses Fish Island lowland habitat. Both of these structures will significantly
reduce the availability of wet-sedge LCP habitat that is used by breeding
Whimbrel. These scenarios and the new knowledge of Whimbrel breeding
habitat preferences (chapter 3) and the availability of this habitat (chapter 2)
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should be used to develop plans to mitigate the effects of the proposed
Mackenzie Gas Project (MGP) should it be approved.
Future Studies

Whimbrel selection of nests with a clear view of their surroundings could
be further investigated by placing 'shrubs' at the nest and at varying distances
from nests to compare nest success. Studies to determine the predator type in
nest predation may lend further insight into the selection of nests on hummocks
and ridges. Nests that are surrounded by water may be less accessible
desirable or less visible to ground predators such as Arctic Foxes. Further
studies on Whimbrel breeding habitat are necessary to understand the
differences between upland nesting sites and the lowland nesting sites studied
here. Lowland nesting Whimbrel are located in areas with high invertebrate
productivities while upland habitats presumably have limited productivity of their
preferred invertebrate food and may require Whimbrel to travel to nearby
wetlands to forage during incubation and for chick rearing. Radio-tracking of an
upland nesting adult Hudsonian Godwit Limosa haemastica indicated that
Godwits will travel distances of 1 km or greater to forage during incubation and
relocate their chicks to these wetland habitats after hatch (Pirie, Pers. Obs.).
Upland breeding Whimbrel appear to nest in lower densities than those in
lowland sites. This difference in densities could affect levels of predation.
Whimbrel nesting in low densities do not benefit from the conspecific
communication afforded by nesting in greater densities and may be more
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vulnerable to predators. A comparison of the predation levels as well as
Whimbrel response to predators in both sites may offer some insight into the
increased use of wet-sedge LCP habitats for breeding.
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Table A-2. 2006 and 2007 Whimbrel nest habitat in the outer Mackenzie Delta, Northwest Territories.
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10

17

17

Vegetation
height at 3 m
(cm)

16

15

6

50.0

26

10

5

29

13

7

6

6

15

23

10

18

13

4

4

6

14

8

25

(%)

(%)

8

Vegetation
density at 1 i

Vegetation
density at nest

Table A-3. 2006 and 2007 Whimbrel nest vegetation measurements in the outer Mackenzie Delta, Northwest Territories.
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Table A-4. 2006 and 2007 Whimbrel nest fate, including date nest was found
and the last visit.
Nest ID

First Visit

Last Visit

No. of Eggs

Nest Fate

W1

11 Jun-06

8 Jul-06

4

Successful

W2

11 Jun-06

8 Jul-06

4

Successful

W3

13 Jun-06

8 Jul-06

4

Successful

W4

11 Jun-06

4 Jul-06

4

Depredated

W5

15 Jun-06

3 Jul-06

4

Depredated

W6

16 Jun-06

29 Jun-06

4

Depredated

W7

17 Jun-06

4 Jul-06

5

Depredated

W8

19 Jun-06

24 Jun-06

4

Depredated

W9

21 Jun-06

5 Jul-06

4

Successful

W10

24 Jun-06

7 Jul-06

4

Successful**

W11

1 Jul-06

6 Jul-06

4

Successful

W12

3 Jul-06

10 Jul-06

4

Successful

W13

3 Jul-06

7 Jul-06

4

Depredated

W14

4 Jul-06

10 Jul-06

4

Depredated

W15

9 Jun-07

20 Jun-07

4

Depredated

W16

9 Jun-07

12 Jun-07

3

Depredated

W17

10 Jun-07

13 Jun-07

3

Depredated

W18

11 Jun-07

17 Jun-07

3

Depredated

W19

11 Jun-07

20 Jun-07

1

Depredated

W20

12 Jun-07

4 Jul-07

4*

Successful

W21

12 Jun-07

3 Jul-07

4*

Successful
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W22

13Jun-07

19 Jun-07

4*

Depredated

W23

14 Jun-07

2 Jul-07

4*

Successful

W24

14Jun-07

2 Jul-07

4*

Abandoned

W25

14 Jun-07

11 Jul-07

4*

Depredated

W26

17 Jun-07

8 Jul-07

4*

Successful

W27

23 Jun-07

8 Jul-07

2

Depredated

W28

26 Jun-07

14 Jul-07

4*

Successful

W29

8 Jul-07

NA

Unknown

Depredated

*Number of eggs represents the number of eggs prior to the removal of one egg
from each nest in 2007 for genetic studies with the US Fish and Wildlife Service,
Anchorage, Alaska.
One egg did not hatch.

