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Abstract.—

 

The Whimbrel (

 

Numenius phaeopus

 

) is one of a suite of sub-arctic- and arctic-nesting shorebirds for
which encroachment of woody vegetation into previously open habitats may cause a reduction in breeding habitat.
Whimbrel nesting habitat selection was studied at two spatial scales near Churchill, Manitoba, Canada, to determine
habitat preferences and the degree to which the species avoided woody vegetation. Whimbrels occupied sites at the
mesohabitat (territory) scale characterized by either high lichen cover, or high graminoid and standing water cover.
No Whimbrels nested in mesohabitat with >17.5% tall shrub cover, and only one pair nested where >38 trees existed
within 30 m of the nest. At the microhabitat (nest) scale, Whimbrels nested in two distinct habitats. In lichen-dom-
inated sites, nests had less concealing vegetation than unused sites whereas in graminoid dominated habitats, nests
were more concealed than unused sites. Sixty-eight percent of nests were on hummocks or lichen ridges. Hatching
success was not predicted by habitat characteristics and was lower than previously reported (2007: 26%; 2008: 14%).
Avoidance of woody vegetation by breeding Whimbrels suggests that shrub and tree encroachment would reduce
habitat availability in the Churchill region. 
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Whimbrels (

 

Numenius phaeopus

 

, Linnae-
us 1758) are migratory shorebirds that breed
in open boreal, sub-arctic and arctic habitats
(Skeel and Mallory 1996). In North America
Whimbrels occupy two disjunct geographic
breeding regions (Skeel and Mallory 1996).
Declining North American populations have
garnered this species a status of high conser-
vation concern (Bart

 

 et al.

 

 2007; Watts and
Truitt 2008). Local declines near Churchill,
Manitoba, and Wapusk National Park in the
western Hudson Bay lowlands may be occur-
ring (Jehl and Lin 2001; Rockwell

 

 et al.

 

2009). Although the causes of Whimbrel de-
clines are unknown, alteration of breeding
habitat due to climate change (Gough 1998;
Caccianiga and Payette 2006; Cornelissen 

 

et
al.

 

 2001; Tape 

 

et al.

 

 2006), resource extrac-
tion (Pirie 

 

et al.

 

 2009) and increased Snow
Goose (

 

Chen caerulescens

 

) foraging (Sammler

 

et al.

 

 2008) could be contributing factors.
Localized shrub encroachment near

Churchill, Manitoba since the 1970s (Ballan-
tyne 2009) and elsewhere within the geo-
graphic range of Whimbrels has been docu-
mented (Sturm

 

 et al.

 

 2001; Lloyd

 

 et al.

 

 2002;
Tape

 

 et al.

 

 2006). Whimbrels in North Amer-
ica have traditionally nested in open, mostly

treeless, habitats (Skeel and Mallory 1996).
The degree to which Whimbrels incorporate
shrubs and other woody vegetation into their
territories, and the consequences for nest
success will determine whether Whimbrels
can persist in areas with woody vegetation
encroachment.

We studied habitat selection of Whim-
brels at the vegetation transition zone be-
tween boreal forest and coastal tundra.
Our objectives were to (1) describe nesting
habitat selection of Whimbrels at the me-
sohabitat (presumed territory) and micro-
habitat (nest site) scales to determine if
there is evidence of selection for areas with
less shrub and/or tree cover, and (2) de-
termine whether incorporation of woody
vegetation, and other components of hab-
itat selection, adversely affect hatching
success. Given the traditionally described
open breeding habitat, we predicted that
Whimbrels would avoid sites with woody
vegetation. If Whimbrels both avoid habi-
tat with woody vegetation and have lower
reproductive success in sites near trees and
shrubs, then future shrub and tree en-
croachment may contribute to local popu-
lation declines.
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Study Area and Nest Monitoring

Fieldwork was conducted within approximately 79
km

 

2

 

 and 58 km

 

2

 

 in the vicinity of Churchill, Manitoba
(58°44’N, 94°4’W, 28.7 m) during the 2007 and 2008
breeding seasons, respectively. Churchill is on the west
coast of Hudson Bay at the mouth of the Churchill Riv-
er, and characterized by a high sub-arctic climate (Scott
1995). The study area lies between the Hudson Bay
coast and the tree line, and within 2 km of road access.
The area was comprised of lichen heath, sedge meadow,
mixed lichen heath and sedge meadow, hummock bog,
fen and sparsely treed habitats.

We located nests through systematic walking surveys,
behavioral cues and knowledge of the locations of
former territories (Skeel 1976; Lin 1997). When Whim-
brels were observed during surveys, we hid and watched
adults returning to their nests (Skeel 1976). We record-
ed nest locations with a Global Positioning System
(GPS). Locations of nests and areas surveyed were de-
lineated on 1:50,000 digital National Topographic Sys-
tem (NTS) maps (Natural Resources Canada) within
ArcMap 9.2 (ESRI 2006).

Nests were monitored every 1-10 d until eggs showed
signs of hatching and subsequently, every 1-3 d until
hatch. Nests were observed for <5 s from 1-4 m away to
determine whether adults were incubating, but nest
checks were avoided when predators were seen in the vi-
cinity. We considered a nest successful if 

 

≥

 

1 egg
hatched. We used presence of small eggshell fragments
(Mabee 1997), alarm-calling parents, and/or young at
or near the nest as signs of success and empty nests early
in the incubation period, nest disturbance, and/or de-
stroyed eggs and/or young as signs of nest failure. 

Habitat Variable Measurements

Habitat measurements were conducted in 2007 after
nests had fledged or failed. We defined mesohabitat
(presumed territory) as the area within a 150 m radius
circle centered on the nest or a randomly-selected avail-
able site. A 150 m radius was chosen because most
Whimbrels defended their nests on our approach from
this distance, and this approximates the size of a Whim-
brel territory (Skeel and Mallory 1996). Hawth’s Tools
extension (Beyer 2008) for ArcMap 9.2 (ESRI 2006) was
used to generate random sites in the area where we
searched for nests. We excluded the coast of Hudson
Bay and the boreal forest tree line, two habitats not
known to be used by nesting Whimbrel (Skeel and Mal-
lory 1996; Peck and Sutherland 2007), and points that
fell within water, were >1.5 km from a road and were in
known territories. In each 150 m radius mesohabitat
scale plot we placed twelve 1 m radius circle plots at
50m, 100m and 150 m from the nest/randomly-selected
point in each cardinal direction. For microhabitat anal-
yses we also placed a plot at the nest. We defined the mi-
crohabitat (nest site) scale as the area within a 1 m
radius of the nest or unused micro-sites at 50m, 100m
and 150 m away in the cardinal directions of the nest
within occupied mesohabitat only.

In each mesohabitat scale plot we counted the num-
ber of trees (

 

≥

 

2 m tall) within 30 m of nests or random
points. Within each 1 m radius circle plot percent cover
of graminoid (sedge/grass/rush—predominantly
sedge), dwarf shrub (

 

≤

 

0.5 m), tall shrub (>0.5 m), tree

(

 

≥

 

2 m), 

 

Dryas

 

 heath (

 

Dryas integrifolia

 

 and Ericaceae
plants), moss, lichen,

 

 Equisetum 

 

spp., herbs (other than
above), bare ground, rock, gravel, sand, litter, lake/
deep pond and standing water was estimated. We classi-
fied soil moisture as dry (1), moist (2), wet (3) or satu-
rated (4)(Pirie 2008). Shallow ponds (<2 m) with and
without emergent vegetation or exposed peat were clas-
sified as standing water. At the nest site we also recorded
distance to nearest water and tree (

 

≥

 

2 m tall), whether
nests were located on a hummock or lichen ridge and
the presence and compass bearing of protrusions (e.g.
moss tussock, clumps of vegetation) rimming the nest
cup. Vegetation density was estimated as the percentage
of a 21.6 cm 

 

×

 

 27.9 cm horizontally placed cover board
obscured from 160 cm above the ground at 3 m dis-
tance, assessed from each of the four cardinal direc-
tions.

Statistical Analysis

 Habitat data from the twelve sampling plots within
occupied and randomly-selected, available mesohabitat
were averaged and compared to assess selection at this
scale. At the microhabitat scale, data from nest site sam-
pling plots were compared to the data from the twelve
averaged unused micro-sites within the same presumed
territory. At both scales, cover classes with mean percent
occurrences <5% were removed from analysis [meso-
habitat scale: tree (2.5%), 

 

Equisetum

 

 spp. (0%), herbs
(1.5%), bare ground (1.5%), gravel (3.5%), rock
(0.5%), sand (0.5%) and litter (0.5%); microhabitat
scale: tall shrub (1.5%), tree (0.5%), 

 

Equisetum

 

 spp.
(0%), herbs (1%), bare ground (1.5%), gravel (0.5%),
rock (0.5%), sand (0%) and litter (1%)]. Pearson prod-
uct-moment correlation analysis showed high correla-
tions (r 

 

≥

 

 |0.40|) between remaining pairs of variables.
To avoid multicollinearity (Graham 2003), we used
principal component analysis (PCA) based on correla-
tion matrices to reduce variables into a smaller number
of principal components (PCs). At the mesohabitat
scale PCs 1, 2, 3 and 4 (eigenvalues = 3.77, 1.43, 1.13 and
0.84, respectively) were retained (72% variance ex-
plained). At the microhabitat scale PCs 1 and 2 (eigen-
values = 2.51 and 1.56, respectively) were retained (68%
variance).

Multiple logistic regression using all linear, additive
combinations of retained principal components and a
null model were used to build 16 candidate models in
which the dependent variable distinguished between
occupied and available mesohabitat (Hosmer and
Lemeshow 2000). Akaike’s Information Criteria (AIC)
corrected for small sample size (AICc) and Akaike
weights (

 

w

 

i

 

) were used to assess the relative likelihoods
of models, and to calculate importance values to assess
the relative importance of predictor variables (Burn-
ham and Anderson 2002). We report parameter esti-
mates and 95% CI for the best-supported model. We
assessed the best-supported model reliability by the area
under the receiver operating characteristic (ROC)
curve (Hosmer and Lemeshow 2000).

Nests were found in two distinct habitats, but this
categorization reduced the sample sizes at the micro-
habitat scale so that logistic regression models did not
converge. Thus, we performed paired t-tests to deter-
mine if any variables differed significantly between nests
and unused micro-sites within the presumed territory. A
goodness of fit test (Sokal and Rohlf 1995) was used to
determine whether the number of protrusions rimming
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the nest to the NE, SE, SW and NW directions deviated
from a 1:1:1:1 ratio.

Logistic-exposure models were used to determine
which, if any, habitat variables in occupied territories
measured in 2007 predicted daily nest survival (DNS) in
that year (Shaffer 2004a, b). As above, because of high
correlations between habitat features, we used PCA and
retained PC 1 (eigenvalue = 4.42, 47% of variance). We
used all linear, additive combinations of the following
variables to build models: PC1, nest age (using a 5-day
laying period and 25-day incubation period (Lin 1997;
unpublished data), distance of nest to nearest road, dis-
tance of nest to nearest nesting conspecific and the
number of trees within 30 m.

We report on nest success from the constant-survival
logistic-exposure model (Shaffer 2004a, b). Apparent
hatching success (number of nests with 

 

≥

 

1 egg
hatched/total number of nests), clutch size and the pro-
portion of eggs monitored that hatched is also reported
for comparison to previously published data.

Log and Box-Cox transformations were used when
data were not normally-distributed. Analyses were con-
ducted using SAS version 9.0 (SAS Institute Inc. 1999),
STATISTICA™ version 7 (StatSoft Inc. 2004), and Anal-
yse-it (Analyse-it Software Ltd. 2007). A significance lev-
el of 0.05 was used.

 

R

 

ESULTS

 

In 2007 and 2008 we located 45 (density
= 0.57 pairs/km

 

2

 

) and 38 (density = 0.66
pairs/km

 

2

 

) nests respectively, throughout
the surveyed area near Churchill. The aver-
age distance to a nearest active Whimbrel
nest was 481 ± 63 m (N = 83 nests), although
some Whimbrel pairs nested in areas with no
other conspecifics nearby (maximum dis-

tance between pairs: 3.7 km), while other
pairs nested in loose aggregations (mini-
mum distance between pairs: 96.3 m).

Mesohabitat Associations

Four PCs accounted for 71.7% of meso-
habitat variation at 44 occupied and 47 avail-
able sites (Table 1). The first principal com-
ponent (PC1) described a wet to dry gradi-
ent of standing water and graminoids (nega-
tive values) to 

 

Dryas

 

 heath (positive values,
Table 1). PC2 separated habitat character-
ized by dwarf shrubs and 

 

Dryas

 

 heath (nega-
tive) from habitat characterized by lakes/
deep ponds and tall shrubs (positive). PC3
differentiated habitat with high lichen cover
(negative) from shrubby habitat with high
dwarf and tall shrub cover (positive). PC4
separated habitat with high numbers of trees
within 30 m and tall shrub cover (negative)
from habitats with moss and lichen cover
(positive). The best-supported candidate
model to distinguish between Whimbrel oc-
cupied and available mesohabitat contained
PCs 1, 3 and 4 (Table 2). The area under the
ROC curve using the three principal compo-
nents in the top model was 0.78 (95% CI:
0.69-0.88), indicating useful discrimination
(Manel 

 

et al.

 

 2001). Occupied mesohabitat

 

Table 1. Eigenvectors, eigenvalues, and variance explained by principal components (PCs) of mesohabitat variables
measured at Whimbrel (

 

Numenius phaeopus

 

) nests (N = 44), and randomly-selected, available sites (N = 47) near
Churchill, MB, 2007. 

 

PC

1 2 3 4

Mesohabitat variable
Graminoid –0.38 –0.20  0.29 –0.11
Dwarf shrub  0.14 –0.34  0.56  0.18
Tall shrub  0.27  0.34  0.38 –0.38

 

Dryas

 

 heath  0.39 –0.30 –0.28 –0.08
Moss  0.28 –0.21  0.20  0.30
Lichen  0.26 –0.01 –0.54  0.10
Lake/deep pond  0.18  0.71  0.07  0.12
Standing water –0.43  0.12 –0.20 –0.19
Soil moisture –0.41 –0.24 –0.03 –0.21
# Trees within 30 m  0.29 –0.17  0.01 –0.78

Eigenvalue 3.77  1.43 1.13  0.84
Total variance explained (%) 37.68 14.34 11.34  8.37
Cumulative variance explained (%) 37.68 52.01 63.35 71.72
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had more negative PC1 and PC3 scores and
more positive PC4 scores than available sites
and none of these parameter estimates in-
cluded zero (Table 2). These results indicate
preference for territories with standing wa-
ter and graminoids (PC1), or lichen cover
(PC3) and avoidance of trees and tall shrubs
(PC3, PC4). Only one Whimbrel pair nested
in an area with >38 trees within 30 m, while
no Whimbrels nested in an area with >17.5%
tall shrub cover (Fig. 1).

Microhabitat Associations

Two PCs accounted for 68.4% of the
variation in microhabitat variables at 44
nests and 44 unused micro-sites (Table 3).
PC1 described a dry to wet gradient of 

 

Dryas

 

heath and lichen (negative) to standing wa-
ter and graminoids (positive). PC2 separat-
ed habitat characterized by dwarf shrubs
and moss (negative) from habitat charac-

terized by lichen (positive). The plot of PC1
against PC2 showed nesting in two disjunct

 

Table 2. Akaike’s Information Criteria adjusted for small sample size (AICc), 

 

Δ

 

AICc, and Akaike weights (

 

w

 

i

 

) for
models composed of all linear, additive combinations of four PCs and a null model from multiple logistic regres-
sion analysis to distinguish between Whimbrel (

 

Numenius phaeopus

 

) occupied and randomly-selected, available me-
sohabitat. Parameter importance values (calculated by summing 

 

w

 

i

 

 of models containing the parameter of interest),
and parameter estimates, standard errors (SE) and 95% confidence intervals (CI) for the best-supported candidate
model are presented. 

 

Model

 

K

 

AICc

 

Δ

 

AICc

 

w

 

i

 

PC1, PC3, PC4 4 112.52 0.00 0.75
PC1, PC2, PC3, PC4 (Global) 5 116.24 3.70 0.12
PC1, PC3 3 117.87 5.34 0.05
PC1, PC4 3 118.68 6.14 0.04
PC1, PC2, PC3 4 120.02 7.48 0.02
PC1, PC2, PC4 4 120.87 8.34 0.01
PC1 2 121.87 9.33 0.01
PC3, PC4 3 122.40 9.87 0.01
PC1, PC2 3 123.94 11.40 <0.01
PC2, PC3, PC4 4 124.54 12.00 <0.01
PC3 2 124.57 12.03 <0.01
PC4 2 126.31 13.77 <0.01
PC2, PC3 3 126.64 14.10 <0.01
PC2, PC4 3 128.38 15.85 <0.01
Null 1 128.10 15.56 <0.01
PC2 2 130.12 17.58 <0.01

Parameter Importance Value Estimate SE

95% CI

Lower Upper

Intercept -0.21 0.25 -0.70 0.29
PC1 0.99 -0.43 0.15 -0.72 -0.14
PC3 0.94 -0.61 0.25 -1.10 -0.13
PC4 0.92 0.76 0.35 0.08 1.44

Figure 1. Number of trees within 30 m of nest plotted
against percent cover of tall shrub for Whimbrel occu-
pied (�; N = 44), and randomly-selected available (�; N
= 47) habitat.
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habitat clusters described orthogonally by
PC1, reflecting use of both lichen heaths
and wetter habitats with high graminoid
cover (Fig. 2).

In lichen heath habitat, nest sites had sig-
nificantly lower PC1 values, corresponding
to higher percent lichen and 

 

Dryas

 

 heath
cover than unused micro-sites (Table 4).
Nest sites also had significantly less conceal-
ing vegetative cover than unused micro-sites.

In contrast, in habitats with higher standing
water and graminoid cover, nest sites had
higher nest concealment values than unused
micro-sites (Table 4).

Sixty-eight percent (30/44) of nests were
located on a hummock or lichen ridge.
Eighty-four percent (37/44) of nests were
rimmed by some sort of protrusion, but in
no significant pattern of orientation (

 

G

 

(3) =
5.22, 

 

P

 

 = 0.16).

Hatching Success

Of the 45 nests located in 2007, 18
(40%) resulted in 

 

≥

 

1 hatched young. Con-
stant-survival logistic-exposure modeling
resulted in an estimated DSR of 0.947 (95%
CI = 0.923-0.964), corresponding to a
hatching success of 26% (95% CI = 14-
40%). Sixty-nine percent (31/45) of
clutches contained four eggs. Of 151
known eggs laid, 58 hatched (38%; five
eggs were left in nest unhatched; hatch
dates: range = June 30-July 18, mode = July
2, mean = July 5). In 2008, 11 (31%) of the
35 nests monitored resulted in 

 

≥

 

1 hatched
young. The DSR estimate was 0.926 (95%
CI = 0.890-0.950), corresponding to a
hatching success of 14% (95% CI = 6-28%).
Sixty-eight percent (26/38) of clutches
contained four eggs. Of 122 eggs moni-
tored, 45 hatched (37%; hatch dates: range
= July 2-July 18, mode = July 4, mean = July
7). Predation was the main cause of nest
loss in both years. The only predation
events observed were those by Common
Ravens (

 

Corvus corax

 

). Additionally, a re-
gurgitated owl pellet was found in a depre-
dated nest located 90 m away from a Short-
eared Owl (

 

Asio flammeus

 

) nest.
The best-supported candidate model to

distinguish between nests that hatched suc-
cessfully and those that failed contained the
variable nest age. The parameter estimate
for nest age was positive (0.0814, 95% CI:
0.0243-0.1386) indicating that nests further
into incubation were more likely to hatch.
No models containing habitat variables were
well supported, nor had parameter estimates
with 95% confidence intervals that did not
include zero.

 

Table 3. Eigenvectors, eigenvalues, and variance ex-
plained by principal components (PCs) of microhabitat
variables measured at Whimbrel (

 

Numenius phaeopus

 

)
nests (N = 44) and unused micro-sites (N = 44) near
Churchill, MB, 2007.

 

PC

1 2

Microhabitat variable
 Graminoid 0.45 –0.19
 Dwarf shrub –0.24 –0.66
 

 

Dryas

 

 heath –0.50 –0.14
 Moss –0.29 –0.56
 Lichen –0.42 0.45
 Standing water 0.48 0.04

Eigenvalue 2.54 1.57
Total variance explained (%) 42.31 26.11
Cumulative variance explained (%) 42.31 68.42

Figure 2. Microhabitat principal components (PC) 1 and
2 scores for nest sites, showing that nests were found in
two habitats as described orthogonally by PC1. Axis la-
bels refer to habitat variables with largest |eigenvectors|.
As data were bimodal further microhabitat analyses
were conducted separately.
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ISCUSSION

 

Whimbrels in our study bred in a mix of
open habitats, but avoided habitat with high
tall shrub and tree cover. Similarly, Whim-
brels in the Mackenzie Delta, Northwest Ter-
ritories nested in a variety of habitats includ-
ing both upland tundra and low-centered
polygon graminoid sites, and were absent in
areas with dense shrub and with little to no
standing water (Gratto-Trevor 1994; Pirie
2008). By contrast, in eastern Finnish Lap-
land, Whimbrels nest in a wide range of
open habitats including clear-cuts, strip-cuts,
bogs, flark fen, mires, alpine and dry heaths,
seedling stands and mountain birch forest
(Pulliainen and Saari 1993), demonstrating
apparently greater flexibility in habitat selec-
tion than exhibited by the North American
population.

We did not find any habitat variables
within the presumed territory that were pre-
dictive of hatching success. Few Whimbrels
in our study nested near trees or shrubs and
neither the number of trees within 30 m of
the nest nor percent cover of shrubs predict-
ed nest success. Most shorebirds have
evolved to breed in open landscapes, pre-
sumably in part to facilitate predator detec-
tion (Götmark

 

 et al. 

 

1995). The function is
supported by our and other observations
(Jónsson and Gunnarsson 2010) of Whim-
brels aggressively defending their nests from
mobbing Common Ravens, even while these

predators are several hundred meters away.
However, many of our nests were nonethe-
less presumed lost to ravens as, after Whim-
brels had intercepted ravens, these nest
predators often returned to fly over the nest
area.

In eastern Finnish Lapland, where al-
though a wider range of habitats were occu-
pied, Whimbrel hatching success was higher
in the more open alpine heaths than in drier
heaths with scattered pines (Pulliainen and
Saari 1993). In Scotland, similar to our find-
ings, no habitat variable helped to explain
variation in reproductive success (Grant
1991). When preferences displayed during
habitat selection are not correlated with nest
success then selection for these preferences
may be relaxed (Clark and Shutler 1999).
Possible incorporation of trees and shrubs
into territories as result of the absence of se-
lection against those Whimbrels nesting
nearer to trees could aid in adaptation to fu-
ture environments, if reproduction is suffi-
cient to balance adult mortality and Whim-
brels persist in this region.

Preference for shallow ponds in Whim-
brel territories may be due to the enhanced
foraging opportunities (e.g. amphibians,
Didyk and Burt 1999) in these habitats.
Whimbrels are associated with sedge pools in
Iceland (Gunnarsson 

 

et al.

 

 2006), and with
wet-sedge low-centered polygon habitat in
the outer Mackenzie Delta (Pirie 2008).
Near Churchill, even the drier, lichen-domi-

 

Table 4. Comparison of nest and unused micro-sites (average of 12 measurements) within presumed territory for
drier habitats with more lichen (PC1 <-1) and wetter habitats with more graminoids (PC1 >-1).

 

Microhabitat Variable
Mean ± SE 

Nest
Mean ± SE 
 Unused

 

t P

 

Lichen-dominated (N = 16)
 PC1 -2.34 ± 0.13 -0.97 ± 0.28 -4.80 <0.01
 PC2 0.59 ± 0.59 -0.17 ± 0.33 1.68 0.11
 Distance to nearest water (m) 32.04 ± 9.79 20.12 ± 3.97 0.69 0.51
 Distance to nearest tree (>2 m) (m) 28.34 ± 5.92 27.82 ± 4.18 -0.25 0.80
 Vegetation density (% cover 3 m away) 1.63 ± 0.34 4.43 ± 1.09 -2.09 0.05

Sedge-standing water and graminoid (N = 28)
 PC1 1.17 ± 0.15 0.72 ± 0.18 1.78 0.09
 PC2 -0.11 ± 0.15 -0.13 ± 0.08 0.66 0.52
 Distance to nearest water (m) 8.51 ± 3.21 6.58 ± 1.55 -1.66 0.11
 Distance to nearest tree (>2 m) (m) 37.43 ± 7.11 37.80 ± 4.44 -1.84 0.08
 Vegetation density (% cover 3 m away) 5.68 ± 1.24 2.36 ± 0.71 -3.05 <0.01
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nated habitat occupied by Whimbrels con-
tained numerous shallow ponds. The net
loss of arctic and sub-arctic ponds due to in-
creased drainage as permafrost warms and
increased evapotranspiration due to climate
warming (Yoshikawa and Hinzman 2003;
Smith 

 

et al.

 

 2005; Riordan 

 

et al.

 

 2006), could
provide an additional threat to this species’
long-term viability above that imposed by
shrub and tree encroachment (Chapin 

 

et al.

 

1995; Sturm 

 

et al.

 

 2001).
Within lichen-dominated habitats, nest

sites had higher lichen and 

 

Dryas

 

 heath cov-
er than unused micro-sites within the same
presumed territory, possibly to enhance egg
crypsis (Byrkjedal 1989; Nguyen 

 

et al.

 

 2007).
Nest sites also had lower vegetation density
or nest concealment values. By contrast,
within habitats with greater standing water
and graminoid cover, nest sites were differ-
entiated from unused micro-sites by more
dense vegetation. In this wetter habitat type,
greater vegetation density may aid in nest
concealment, or alternatively, be an artifact
of requiring a hummock large and high
enough for nest placement. Bimodality in
habitat preferences at the nest site scale sug-
gests relative habitat flexibility in that both
open wet graminoid and drier lichen heath
habitats are available for nesting. Such bimo-
dality contrasts with shorebird species that
have strong preferences for only one arctic
habitat (e.g. Red-necked Phalaropes,

 

Phalaropus lobatus

 

, wet-sedge meadows; Wal-
pole 

 

et al.

 

 2008) and as a possible conse-
quence, are more restricted in distribution
in the Churchill region (Jehl 2004).

Microhabitat selection is probably in part
predicted by topographic variables. Upon ar-
rival on breeding grounds, water levels are
higher than later in the season and hum-
mocks and ridges offer dry ground, particu-
larly in wet graminoid habitats. Hummocks
and ridges may also provide disruptive cam-
ouflage and/or a better view of surround-
ings (Skeel 1976). Placement of the majority
of nests on hummocks and/or ridges has
been reported by others (Skeel 1983; Grant
1992; Pirie 2008) and appears to be a consis-
tent dominant feature of habitat selection
among Whimbrel sub-species.

Whimbrels have lower rates of hatching
success than that reported for other species
of locally breeding shorebirds (e.g. Semipal-
mated Plover (

 

Charadrius semipalmatus

 

):
70%, Nol 

 

et al.

 

 1997; Semipalmated Sandpip-
er (

 

Calidris pusilla): 78%, Jehl 2006; Stilt
Sandpiper (C. himantopus): 83.2%, Jehl
1973; American Golden Plover (Pluvialis do-
minica): 71%, Byrkjedal 1989) although
some of these estimates are quite old and are
not corrected for exposure days. Whimbrels
are also the largest of the locally-breeding
shorebirds. Hatching success during our
study was low compared to that reported
from previous studies on this species con-
ducted near Churchill (49% to 65%, but as
high as 86% in hummock bog habitat; Skeel
1976, 1983; Lin 1997; Jehl 2004). Elsewhere,
reported estimates of hatching success range
from 39% to 78% (Grant 1991; Morozov
1993; Pulliainen and Saari 1993; Pirie 2008).
The reason for the comparatively high rate
of nest predation in our study is unknown
but further investigation, in particular, on
the impacts of local raven and other preda-
tor populations (Watts et al. 1991) is warrant-
ed.

Whimbrel predation rates may be even
higher during the fledgling stage (Grant
1989; Lin 1997). During the mid-1990s in
the Churchill area, only 3/30 (10%) chicks
of eight broods survived past two weeks (Lin
1997). A low reproductive rate (four-egg
clutch, high nest failure, one brood per year,
and delayed age of first breeding) may be
countered by high adult survivorship and
longevity (89% return rate for N. p. phaeopus,
Grant 1991; longevity records of 13 years for
N. p. hudsonicus, Klimkiewicz 2008, 26 years
for N. p. phaeopus, BTO 2010). Low hatching
success of Whimbrels may be the result of cli-
mate-mediated changes in predator commu-
nities (Post et al. 2009). Continued research
on Whimbrels near Churchill and elsewhere
should focus on obtaining habitat-specific
adult and juvenile survival estimates to deter-
mine whether this low hatching success is
sustainable. Our information, coupled with
continued studies on the migration and win-
tering grounds will further elucidate the
conservation status of this species.
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