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Abstract Sub-arctic environments are undergoing rapid
changes. For instance, woody shrubs are encroaching into
previously open habitats, and booming goose (Chen caer-
ulescens and Branta canadensis) populations are creating
vast areas of bare mud. Across the region, these changes
are likely to diminish the amount and quality of breeding
habitat for imperiled arctic- and sub-arctic-breeding shore-
birds, including the Hudsonian Godwit (Limosa haemas-
tica). We studied godwit nest site selection at two study
areas—Churchill, Manitoba, Canada, and Beluga River,
Alaska, USA—to identify differences in habitat prefer-
ences between the two populations and determine the
degree to which each avoided woody vegetation and non-
vegetated areas. We used multivariate analyses to evaluate
differences in microhabitat between nest sites and random
sites within and between each study area. Godwits at both
areas selected nest sites characterized by higher amounts
of graminoid and shrubby cover with fewer non-vegetated
areas than random locations. Habitat attributes preferred by
godwits are expected to become less available as the cli-
mate changes and as geese continue to degrade arctic and
sub-arctic ecosystems.
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Introduction

Two major threats to polar ecosystems are climate change
and large-scale human activities (Brown et al. 2001; Saal-
feld et al. 2013). Climatic change can alter landscapes
through a variety of processes and is likely to profoundly
impact physical and ecological attributes (e.g., surface
water, vegetation and insect communities) of arctic and
sub-arctic habitats (Post et al. 2009; IPCC 2013). For
example, higher summer temperatures, changes in precipi-
tation regimes, and longer frost-free seasons are predicted
to accelerate permafrost thawing (Schuur et al. 2007),
lengthen the growing season (Myneni et al. 1997; Goetz
et al. 2005; Bunn and Goetz 2006), dry wetlands (Kaplan
and New 2006), and promote the northward expansion of
shrubs (Sturm et al. 2001; Stow et al. 2004) and faunal
and parasite communities (Parmesan and Yohe 2003; Kutz
et al. 2005; Post et al. 2009). Projected climate changes
thus suggest that novel communities will ultimately replace
arctic and sub-arctic habitats in the future.

In addition to a changing climate, habitats in the arctic
and sub-arctic are influenced by human modifications and
development. Landscapes can be modified by a wide vari-
ety of human activities, including the presence of human-
subsidized or facilitated species, such as Common Ravens
(Corvus corax, Restani et al. 2001; Liebezeit et al. 2009)
and Snow (Chen caerulescens, Abraham et al. 2005a) and
Canada Geese (Branta canadensis, Cotter et al. 2013). For
example, populations of both Snow and Canada Geese are
increasing dramatically and have already altered signifi-
cant portions of the arctic (Abraham et al. 2005a; Cotter
et al. 2013). Foraging by geese (e.g., ‘grubbing’) can pro-
foundly alter soil chemistry and vegetation structure, with
overgrazed areas sometimes taking decades or longer to
recover (Peterson et al. 2013). In this way, increased goose
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populations are likely to have lasting impacts on floristic
communities and, especially, the extent of suitable habitat
for ground-nesting arctic birds, such as shorebirds.

Global climate change is hypothesized to drive declin-
ing population trends for many shorebird species (Piersma
and Lindstrom 2004; Bart et al. 2007; Andres et al. 2012),
in part because it may limit available habitat for breeding
(Wauchope et al. 2016). Most birds, including shorebirds,
exhibit strong preferences to nest within or near habitats
with specific vegetation characteristics, which are generally
thought to be associated with higher nest success (Colwell
and Oring 1990; Smith et al. 2007; Skrade and Dinsmore
2013). Habitats lacking nest sites with preferred attributes
may even contribute to population declines (Kentie et al.
2015) or compromise population viability (Martin 1993;
Newton 1998). Therefore, understanding nest site selection
can help us to better interpret drivers of population trends,
especially for species of conservation concern.

Habitat alterations caused by changing environments
could potentially affect nest site selection, nest survival,
and, ultimately, population trends in three ways: First,
changing climatic conditions and faunal communities
could affect the type of nest that is most favorable. For
instance, with longer ice-free seasons, polar bears (Ursus
maritimus) depredate the nests of colonial nesting birds
more frequently (Smith et al. 2010; Iverson et al. 2014;
Prop et al. 2015). Thus, there may be a stronger selective
pressure to nest on inaccessible cliffs or in lower density
colonies to avoid depredation by polar bears. Second,
changing climatic conditions could disrupt the cues used to
identify favorable nest sites. For example, in cold environ-
ments such as the arctic, microclimates that are amenable
to embryonic development and reduce parental energetic
costs during incubation are favored as nest sites (Tulp et al.
2012). As temperatures rise, however, warm sites may
become less advantageous and potentially create ecologi-
cal traps if birds continue to rely upon the same cues for
nest site choice (Martin 2001; Battin 2004). Third, chang-
ing landscapes could limit or eliminate the availability of
particular habitat characteristics individual species use
to select nesting locations. Shrub encroachment since the
1970s has already eliminated some historic sub-arctic
breeding areas for Whimbrel (Numenius phaeopus), reduc-
ing local breeding densities (Ballantyne and Nol 2015). In
short, changing environments may dramatically influence
nest site selection and survival.

One shorebird species that may be vulnerable to envi-
ronmental change in the arctic and sub-arctic is the Hud-
sonian Godwit (Limosa haemastica; hereafter ‘godwit’).
Godwits are an extreme long-distance migrant (Senner
et al. 2014) that breed in three disjunct regions across the
Nearctic-Hudson Bay, the northern Northwest Territories
and northeastern Alaska, and south-central and western
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Alaska (Walker et al. 2011). A small population size and
reliance upon threatened habitats have garnered godwits
a status of high conservation concern (Senner 2010), and
there is some indication from counts at stopover and non-
breeding sites that their eastern Canadian breeding popula-
tion is declining (Bart et al. 2007; Andres et al. 2012). Pre-
vious research has shown that godwits breeding in at least
some parts of this region have a lower hatching success
rate than do godwits breeding elsewhere in the species’
range (Senner et al. 2016). Factors thought to contribute
to low nest success include alteration of breeding habitat
due to climate change (Tape et al. 2006), creation of nest-
ing structures for Common Ravens, and increased foraging
by migrating Snow Geese (Sammler et al. 2008) and rising
numbers of breeding Canada Geese. Godwits have tradi-
tionally nested in sedge-dominated meadows at the inter-
face of tundra and forest biomes, but the specific character-
istics of their nest sites are unknown (Walker et al. 2011).

We studied the nest site selection of Hudsonian God-
wits in two disjunct breeding populations, Beluga River,
Alaska, USA, and Churchill, Manitoba, Canada, represent-
ing the geographic centers of the westernmost and eastern-
most populations. The Churchill area is experiencing dra-
matic habitat changes due to woody shrub encroachment
and overgrazing by migrating Snow Geese and breeding
Canada Geese—shrub and tree cover have increased by
a rate of 0.38 and 0.21% annually over the past 35 years,
respectively, while goose-related patches of bare ground
have increased by 0.16% per year over that same period
(Ballantyne and Nol 2015). In contrast, Beluga River has
not experienced goose-related habitat degradation and has
witnessed generally less climate-related change than other
sub-arctic regions (Wolken et al. 2011, Swift pers. obs.).
Our study aimed to first describe godwit nest sites and
identify potential differences in the nest site microhabitat
characteristics selected between the two breeding popula-
tions, and to then use these microhabitat characteristics to
identify potential future environmental changes that may
directly affect godwit population dynamics. We predicted
that nesting godwits would choose to nest in areas domi-
nated by non-woody vegetation and avoid non-vegetated
areas (Walker et al. 2011), suggesting that the suitability of
the current godwit breeding range is expected to decline in
the future as climate change continues.

Methods
Study areas
We monitored the breeding biology of godwits at two

study areas representing the geographic centers of
the south-central Alaska and Hudson Bay breeding
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populations: Beluga River, Alaska, USA (61.21°N,
151.03°W), and Churchill, Manitoba, Canada (58.93°N,
93.80°W). Research in Churchill was conducted in
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Fig. 1 Hudsonian Godwit study areas, 2008-2015. The top panel
indicates the location (black boxes) of the study areas—Beluga River,
Alaska and Churchill, Manitoba—within the Nearctic; the middle
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areas support large breeding populations of godwits (5.0
breeding pairs per km? at Beluga River, and 2.3 pairs per
km? at Churchill; Senner et al. 2016). Both study areas
were dominated by sedges, Carex spp., and small shrubs,
mostly dwarf birch, Betula glandulosalnana, yet they
appear different—the Churchill study area was located on
a large, open fen, while the Beluga River study area was
situated in a black spruce, Picea mariana, muskeg bog.

Field methods
Nest searching and habitat characteristics

Field teams began nest searching after godwit pair forma-
tion and continued through the onset of hatch. We located
nests through knowledge of former territories, systematic
surveys, and observing behavioral cues of nesting pairs.

After nests had fledged or failed, we measured micro-
habitat characteristics at the nest site and at associated
random points. We defined the microhabitat (nest site)
scale as the area within a 1-m diameter circle (0.79 m?)
centered on the nest. Around each nest, we placed ten
I-m diameter circular plots at randomly selected points
within a 200-m radius of the nest. Two hundred meters
was the shortest distance documented between two god-
wit nests at Churchill and thus represented the presump-
tive size of the territory of each pair. Random points were
generated using a random point generator online at http://
www.random.org or in program R (R Development Core
Team 2015).

From the center of each circular plot, we measured the
distance to the nearest tree (>2 m tall) and nearest water
(=2 cm deep). For each tree, we measured the diameter at
breast height (DBH), and for each water body, we measured
the depth at the deepest point. We then identified each spe-
cies found within the 1-m diameter circle. Following Vier-
eck et al.’s (1992) classification, we also estimated percent
cover within each plot comprised by trees (>2 m tall), sap-
lings (1 m <x <2 m tall), shrubs (30 cm<x< 1 m tall), and
graminoids (sedges, forbs, and herbs <30 cm tall), as well
as percent cover for each individual plant species. From our
estimates of the percent cover for individual species, we
summarized the percentage of the circle comprised of five
plant categories—tree, shrub, sedge/grass, forb, and low-
mat species—rather than categorizing them by height as
in the categories based on Viereck et al.’s (1992). We then
summed the number of plant species present in the plot as a
metric of species richness. For nests, we also recorded the
percent cover of vegetation characteristics for a 10-m diam-
eter circle around the nest; the length, width, and height
of the mound on which the nest was placed; and nest cup
diameter and depth.
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Statistical methods

We used a multiple analysis of variance test (MANOVA)
to test for significant microhabitat differences between nest
and random sites in program R (R Development Core Team
2015). To avoid multicollinearity, in cases when two vari-
ables were highly correlated (Pearson’s »>0.7), we either
combined the two variables, where appropriate, or removed
one of the two (Sokal and Rohlf 1995). We grouped the
percentage of sedges and grasses categories, and removed
tree height. When a significant difference was detected, we
followed up with univariate ANOVA tests with a Bonfer-
roni correction. In addition, we compared the characteris-
tics of the nest cup and mound, as well as characteristics
of used and random sites, between study populations using
separate MANOVA tests. Data were checked for outliers
using the ‘mvoutlier’ package (Filzmoser and Gschwandt-
ner 2015), multivariate normality using the ‘mvtnorm’
package (Genz et al. 2015), and homogeneity of variances
using the Fligner-Killeen test in program R.

Results

In total, we found 75 godwit nests at Churchill and 107 at
Beluga River. Overall, vegetation structure differed signifi-
cantly between nest sites and random points within each
study area (Beluga River: Wilk’s 4A=0.7143, p<0.0001;
Churchill: Wilk’s 4=0.699, p=0.001). There was no
autocorrelation of habitat variables within either study
area (Beluga River: DW=1.4909, p=0.7627; Churchill:
DW=0.73469, p=0.7643). Habitat variables were sig-
nificantly different between study areas (Wilk’s A =0.4165,
p<0.0001) and between nest sites and random points
(Wilk’s A=0.7563, p<0.0001) when locations from both
study areas were combined.

In general, across study areas, nest sites had higher num-
bers of species (Beluga River: mean=13.25, range =3-29;
Churchill: mean=12.49, range=5-27) and were closer
to shallow water (Beluga River: mean=31.25 cm,
range =2-97.5 cm; Churchill: mean=4.5 cm,
range=2-14 cm) than random points. Nests tended to
have high proportions of graminoid cover (Beluga River:
mean=27.13%, range =3-66%; Churchill: mean=45.84%,
range =11-87%) and low percentages of tall shrubby cover
(between 30 cm and 1 m tall; Beluga River: mean=22.54%,
range =0-75%; Churchill: mean=9.99%, range=0-89%).
Only 6.5% of located nests had tall trees providing cover,
and no nests were found within 0.5 m of a tree >2 m tall.
Nest characteristics were largely similar between Beluga
River and Churchill (Table 1; Fig. 2). The only inter-study
area differences were percentage of shrubs between 30 cm
and 1 m tall (13% more in Beluga River then Churchill)
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Table 1 Mean, sample size of Beluga, AK Churchill, MB Fvalue  pvalue

mean, and standard error (SE)

of Hudsonian Godwit nest sites n Mean (SE) n Mean (SE)

in Beluga, AK, and Churchill,

MB. Percent cover types were % Cover over nest 107 15.64 (1.26) 75 12.51 (1.94) 0.32 1.00

estimated within 10-m diameter 10m: >2 m 55 1.18 (0.33) 58 0.91 (0.27) 0.11 1.00

circles 10m: I m<x<2m 55 2.98 (0.55) 58 1.72 (0.44) 2.06 1.00
10m: 30cm<x<1m 55 24.51 (2.01) 58 11.43 (1.56) 22.26 <0.0001
10m: <30 cm 55 60.73 (2.74) 58 50.81 (2.57) 5.38 0.27
10m: % Water 55 6.60 (1.21) 58 29.66 (2.48) 64.88 <0.0001
10m: % Bare 55 1.82 (0.46) 58 3.74 (0.86) 4.29 0.49
Mound length (m) 55 1.64 (0.11) 70 1.47 (0.17) 0.23 1.00
Mound width (m) 55 1.03 (0.06) 70 0.81 (0.04) 7.23 0.098
Mound height (m) 84 0.20 (0.01) 71 0.20 (0.01) 2.08 1.00
Cup diameter (cm) 54 15.01 (0.32) 73 13.89 (0.18) 11.14 0.01
Cup depth (cm) 55 3.13 (0.21) 73 4.52 (0.19) 23.11 <0.0001

Significant differences are bolded

p values are derived from MANOVA tests with 120 complete observations

Fig. 2 Hudsonian Godwit nest
sites. The photo on the left a
typical nest site in Beluga River,
Alaska, and the photo on the
right in Churchill, Manitoba

and water (23% more in Churchill then in Beluga River) in
the 10-m diameter circle surrounding the nest, as well as
the size of the nest cup, which was 2-cm narrower and 1.5-
cm deeper in Churchill.

At Beluga River, godwits selected nest sites where the
closest water was shallower than random sites (Table 2).
Nest sites also had 14% more shrubby cover (between
30 cm and 1 m tall), 8% less water, and 9% fewer plants
less than 30 cm tall than random sites. In addition, nest
sites were disproportionately comprised of graminoids
(8% more) and forbs (3% more), and mud (3% more). Only
one pair of godwits nested at a site for which >35% of the
circular plot was bare ground comprised of mud, water, or
rocks. The majority of mud in Beluga River is likely caused
by shallow pockets of water that dry by July, when most
measurements were taken. Finally, nest sites were more flo-
ristically diverse than random sites, with three more spe-
cies, on average, found at nest sites (Table 2).

At Churchill, godwit nest sites were also closer to water
than expected. Nest sites had 6% more shrubby cover
(between 30 cm and 1 m tall) and 8% less mud than random

points (Table 2). In addition, nest areas had 2% more forbs
and low-lying mat species and nearly five more species
than random points (Table 2). No godwit nested in an area
with >50% cover between 30 cm and 1 m tall, and only
two pairs nested where >20% of the circular plot was com-
prised of mud.

When data were pooled across study areas, the same pat-
terns persisted. Godwit nests were closer to shallow water
and were surrounded by greater cover between 30 cm and
1 m tall, more graminoids and forbs, and higher plant spe-
cies richness than random sites. However, overall habitat
differed markedly between study areas when using all sam-
pling locations. Only four habitat variables (out of 17) did
not significantly differ between study areas (Table 2).

Discussion
Hudsonian Godwits selected specific vegetative features for

nesting and especially favored species-rich areas with high
graminoid and moderate shrubby cover and comparatively
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low amounts of open mud, water, or rocks. These results
are consistent with the previous descriptions of breeding
habitats of godwits (Walker et al. 2011; Harwood 2014)
as well as to reports of nonrandom nest site selection in
many other species of arctic and sub-arctic breeding shore-
birds (Rodrigues 1994; Smith et al. 2007; Ballantyne and
Nol 2011). A number of these sub-arctic breeding shore-
birds have already been affected by human-induced habi-
tat changes. For instance, shrub encroachment and treeline
advancement have already limited available nest sites and
dramatically decreased nesting densities at more southerly
breeding sites for Whimbrel (Ballantyne and Nol 2011,
2015), whereas encroachment by Snow Goose colonies
has limited use of other portions of their breeding range
(Sammler et al. 2008). Although godwits use limited
amounts of woody vegetation, their nest site preferences,
as a whole, suggest that future environmental changes may
reduce habitat availability to similar degrees as projected
for other arctic breeding shorebirds (Wauchope et al. 2016).

Projections of global climate change suggest that the
availability of suitable nest habitats for Hudsonian godwits
will decline in the future, although the interplay between
the different habitat characteristics preferred by godwits
and the expected responses of these habitat characteristics
to future climatic changes introduces a level of uncertainty.
For instance, future climate change scenarios predict the
drying of arctic ponds (Yoshikawa and Hinzman 2003;
Smith et al. 2005), a decline in graminoid habitats (Chapin
et al. 1995; Kaplan and New 2006), increased shrub cover
(Chapin et al. 1995; Sturm et al. 2005a, b; Tape et al.
2006), and treeline advancement (Caccianiga and Pay-
ette 2006; Kaplan and New 2006; Danby and Hik 2007).
These predictions suggest that the godwit preferences
in our study areas, such as shallow bodies of water and
graminoid habitats, will become less common, which may
limit the amount of suitable nesting habitat in their current
range. Such a reduction in suitable nesting habitat could
limit populations via potential increases in competition for
nest sites, or heightened rates of nest predation if habitat
changes improve search efficiency by predators or other-
wise increase the risk of predation (Martin 1993). How-
ever, godwits also exhibited a preference for moderate, but
not high, densities of shrub cover. Future shrub encroach-
ment caused by climate change may, therefore, provide
more suitable nest areas for godwits in the short-term if the
shrubs are between 30 cm and 1 m tall. Nonetheless, god-
wits avoided sites dominated by taller or high densities of
shrubs, indicating that the benefits of shrub encroachment
may not be permanent. The effect of climate change on the
availability of suitable nest sites may thus vary depending
upon the successional stage of the site.

Despite several key differences in habitat between the
two study areas, godwits overall chose nest sites that were

relatively similar compared to random sites. In both study
areas, nests were placed in species-rich sites near shallow
water with high percentages of graminoids and forbs and
moderate levels of shrubby vegetation. Nests at Beluga
River were surrounded by more shrubs and less water than
at Churchill, perhaps, reflecting the higher temperatures,
lack of permafrost, and lower precipitation in south-central
Alaska, especially in 2014 and 2015, when most shallow
bodies of water dried midseason (RJ Swift pers. obs.). Nest
cups were deeper in Churchill and wider in Beluga River,
which may reflect differences in hatching success (i.e., and,
therefore, chicks trampling nests) between the two popula-
tions (Senner et al. 2016).

Both populations of Hudsonian godwits avoided large
non-vegetated or barren areas, including those caused by
migrating Snow Geese and breeding Canada Geese in the
Eastern Canadian Arctic. Driven by agricultural modifica-
tions and associated nutrient subsidies at their wintering
grounds and migratory stopover areas (Boyd et al. 1982;
Abraham et al. 2005a), the mid-continent population of
Snow Geese has increased at an annual rate of 5-14% since
the 1970s (Alisauskas et al. 2011). These human-subsidized
populations of Snow Geese degrade arctic habitats through
overgrazing and grubbing of vegetation, which ultimately
eliminates plants and alters the soil chemistry, leading to
large patches of barren ground/mud and extensive loss of
graminoids and shrubs (Jefferies and Rockwell 2002; Abra-
ham et al. 2005b). Such habitat alterations can have lasting
impacts on the vegetative community long after the initial
vegetation removal occurs. For example, Peterson et al.
(2013) documented a 46% reduction in graminoid cover
and an 84% reduction in shrub cover 35 years after a Snow
Goose colony stopped breeding in their study area. This
habitat alteration has been shown to lead to smaller and
more isolated patches of the shrubs and graminoids upon
which many shorebirds depend for nest sites (Peterson et al.
2013). Though our Churchill study area differs from the
study area of Peterson et al. (2013) in that we lacked nearby
colonies of breeding Snow Geese, damage from grubbing
geese in migratory (Snow Geese) and breeding (Canada
Geese) periods was still evident (NR Senner pers. obs.).
Indeed, the low hatching success of the Churchill popula-
tion of godwits, which largely avoided areas of bare mud
caused by migrating Snow Goose grubbing (Senner et al.
2016), suggests that overabundant geese may already be
having important demographic consequences for godwits.

In contrast, increases in woody vegetation may poten-
tially reduce predation risk for godwits. Other studies have
suggested that many shorebirds nest in exposed sites to
facilitate early detection of predators, as many adult shore-
birds do not use cover in the face of predation, but rather
take flight (Metcalfe 1984; Burger 1987; Gotmark et al.
1995). However, godwits and some other shorebird species
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instead use camouflage to decrease the risk of predation
(Hagar 1966). Accordingly, godwits selected sites with
higher percent cover of graminoids and tall shrubs than
random sites, which could obstruct their detection by pred-
ators through disruptive camouflage—especially from the
Northern Harrier (Circus cyaneus), the main predator of
incubating adults (NR Senner pers. obs.). Camouflage pro-
vided by shrubs may, therefore, be especially important for
godwits. In the near future, then, the contrasting effects of
increases in woody vegetation and Snow Goose grubbing
may mean that the distribution of successful godwit nests
across the landscape becomes patchier and highly context
dependent (Swift 2016).

Although our findings suggest that, in general, antici-
pated changes in climate and habitat will reduce the suita-
bility or availability of nest sites for godwits, there are three
important caveats. One, because we could not measure
every possible attribute that might be selected by breeding
godwits, there remains the possibility that godwits respond
to habitat features or cues not included in our study. Two,
a wide variety of other factors, not necessarily related to
vegetation, also can influence territory and nest site selec-
tion. Indeed, other studies have demonstrated that inver-
tebrate and/or predator abundance, conspecific attraction,
site fidelity, previous experience, individual specialization,
and natal habitat preferences can shape habitat selection in
birds (Block and Brennan 1993; Ramsay et al. 1999; Davis
and Stamps 2004). Three, as we did not study the direct
effects of nest-site attributes on reproduction, survival, or
site fidelity, we can only infer the implications of our find-
ings for godwits. Future work should, therefore, address the
relationship between habitat, nest placement, and survival
of nests or incubating adults to better understand potential
fitness consequences.

Nonetheless, our study suggests that habitat changes
resulting from grubbing by overabundant geese and a
changing climate are likely to reduce the suitability of cur-
rent sub-arctic habitats for breeding godwits. Additional
management of both Canada and Snow Geese may thus
prove necessary and fruitful to the maintenance of godwit
populations in the Eastern Canadian Arctic. However, the
projected encroachment of woody shrubs, advancement in
treeline, and drying of ponds due to climate change will not
only alter the amount of suitable habitats for nesting god-
wits across their range, but also be more difficult to actively
manage. The complicated interplay among these factors
requires additional research to understand and identify
management practices that promote survival, health, and
reproductive success of godwits.
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