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The Upland Sandpiper (Bartramia longicauda) is a grassland shorebird species associated primarily with prairie habitats in
central North America. A disjunct and poorly studied population also occurs in Yukon, Canada, and Alaska, United States.
We studied habitat selection of nesting Upland Sandpipers in Ivvavik National Park, Yukon, at the scales of microhabitat (1-m
radius around nest) and putative home range (11.3-m radius plots at nests and within 50 m of nest). At the microhabitat scale,
the Upland Sandpiper selected nest sites with lower visibility from above than that of their home range (median 91.5%, range
70-98% versus median 99.0%, range 85—100%) and less-variable composition of vegetation than at random sites within the home
range. Vegetation adjacent to the nest in the eastern quadrat was significantly shorter (mean + standard error: 10.6 + 1.55 cm) than
that in other directions around the nest (> 13 cm); nest sites and microsites within home ranges were more often hummocky than
random sites in the park. At the mesohabitat scale, Upland Sandpipers selected sites within home ranges with fewer trees than
random sites within the park (10.3 + 3.0 trees per 11.3-m-radius plot around nest versus 32.9 + 5.9 trees per 11.3-m-radius plot
in the park) and greater herbaceous cover (70.7% + 3.0% versus 56.2% + 3.7%). Despite the disproportionate use of sites with
fewer trees, more herbaceous cover, and lower vertical visibility, these factors did not relate to nest success in our sample. Of the
24 nests found in 2010 and 2011, 22 contained four eggs and 2 contained three eggs. Upland Sandpipers at this high latitude site
had a nesting success rate of 0.85 + 0.01 and 0.56 + 0.01 in 2010 and 2011, respectively, for a 21-day incubation period. Further
assessment of the selected characteristics of nesting sites will improve our ability to predict the effects of northward shrub and
tree encroachment on this grassland species.
Key Words: Upland Sandpiper; Bartramia longicauda; mesohabitat; microhabitat; nest-site selection; northern limit; shorebirds;

Yukon; Ivvavik National Park

Introduction  research  from  the  northern  disjunct  range  (Nouvet  ef
Habitat selection refers to the preference of specific

environmental attributes that differ from other sites to
enhance fitness, survival, or both (Block and Brennan
1993: Jones 2001). Nest-site selection is a top-down,
hierarchical process that begins at the regional scale fol-
lowed by home range then specific nest site (Block and
Brennan 1993; Jones 2001). Vegetation characteristics
are typically important features of nest-site selection
for birds (Rodrigues 1994; Bollinger 1995; Clark and
Shutler 1999).

We studied vegetation characteristics that may influ-
ence nest-site selection by the Upland Sandpiper (Bar-
tramia longicauda), a medium-sized, grassland-nesting
shorebird. The largest part of the geographic range of
the Upland Sandpiper is in the Great Plains of North
America, although several small, disjunct populations
occur in northwestern Canada and Alaska (Houston ef
al. 2011). In the central and southern part of its breed-
ing range, the Upland Sandpiper prefers to nest in large
open grasslands with flowering herbaceous vegetation
and avoids woody and tall, dense vegetation (Kirsch
and Higgins 1976; Ailes 1980; Bowen and Kruse 1993;
Vickery  et  al.  1994;  Dechant  ef  al.  2003*).  Despite
some early publications on this species (Buss 1951;
Campbell 1967), there has been a near absence of recent

al. 2008), where warmer temperatures, earlier springs,
and longer growing seasons associated with climate
change have resulted in the advancement of the tree-
line (Szeicz and Macdonald 1995; Sturm ef a/. 2001;
Moen et al. 2004).

The objectives of our study were to describe the char-
acteristics of the habitat surrounding nest sites at the
microhabitat scale and within a 50-m radius, the pre-
sumed home range of the Upland Sandpiper (Mong
2005) and to compare habitat characteristics of success-
ful and unsuccessful nests at appropriate scales. Based
on nesting habitat characteristics described for south-
ern populations (Kirsch and Higgins 1976; Ailes 1980;
Bowen and Kruse 1993; Bollinger 1995; Dechant ef
al. 2003*; Vickery et al. 2010*), we predicted that the
Upland Sandpiper would select home ranges and nest
sites in open, grassland areas with little woody cover.
We also predicted that parents with nests closer to trees,
more trees in the home range, and less vertical nest cov-
er would experience less reproductive success than
those with nests farther from trees, fewer trees in the
home range, and more vertical nest cover. Our final ob-
jective was to document nest survival of the Upland
Sandpiper in the disjunct northern population for com-
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parison with other studies from the centre of its breed-
ing range.

Study Area
We collected data within a 4-km? area surrounding

Sheep Creek (69°09'N, 140°09'W) in Ivvavik Nation-
al Park, Yukon, Canada. Sheep Creek is located with-
in the British Mountains, which run perpendicular to
the Firth River (Brooks and Lane 2011*). Vegetation in
this area was primarily a function of elevation. At low
elevations, it was dominated by sedges (Carex spp.)
and stunted White Spruce (Picea glauca [Moench]
Voss). Dense stands of White Spruce occurred on steep,
mostly south-facing slopes. Low-growing vegetation,
e.g., Eight-petalled Mountain Avens (Dryas octopeta-
la [L.]) and Entire-leaved Mountain Avens (D. inte-
grifolia Vahl) and lichens and scattered shrubs, such as
willows (Salix spp.), Glandular Birch (Betula glan-
dulosa Michaux), and alder (A/nus spp.) occurred at
high elevations. Potential predators of nests and sand-
pipers in the study area included Gray Jay (Perisoreus
canadensis), Common Raven (Corvus corax), Merlin
(Falco columbarius), Northern Shrike (Lanius excu-
bitor), and Arctic Ground Squirrel (Cite//us parryi).

Methods
Nest location

In 2010, we searched for nests from 3 to 28 June.
Nests were found opportunistically, while searching for
songbird nests for a concurrent study (Turner 2013).
Nests were monitored every 2—7 days until 2 July when
the final egg hatched. Nests were checked, if there were
no predators detected in the area, by flushing the adult
bird from the nest. In 2011, the Upland Sandpiper was
a focal species for our study. We searched for nests from
I to 25 June in three ways: incidentally, while walking
through potential home ranges; by dragging a 5-m rope,
weighted down with tin cans, between two researchers;
or with two or more researchers walking 2—3 m apart.
Although we concentrated search efforts in open areas,
we also searched areas typically not used as nesting
sites by Upland Sandpipers, such as stands of stunted
White Spruce on the flat, shallow slopes, and heavily
forested areas. At discovery, we chose one egg from
each nest and used the float stages described by Lie-
bezeit et al. (2007), assuming a 21-day incubation
period, to estimate hatch date (Houston er a/. 2011).
We monitored nests every 3-4 days during incubation
and every 2 days after the estimated hatch date until
eggs showed signs of hatching (starring or pipping),
after which we checked nests daily until hatch. The last
egg hatched on 10 July 2011. In both years, nest loca-
tions were recorded using a Garmin GPSMAP 60CSx
global positioning system unit (Garmin International
Inc., Olathe, Kansas, USA) and marked with naturally
occurring objects placed within 10 m of nests to facili-
tate monitoring.
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Nest success
We considered a nest to be successful if one or more

eggs was alive or had hatched (judged by observation
of adults with chicks or clean eggshell remnants in the
nest) by the last visit. We considered nests abandoned
when no adults were present in the area, or eggs were
cold on three successive visits. We examined nests
with missing eggs for evidence of predation (tracks
or broken eggshells). We estimated daily survival of
nests using the Mayfield estimate, assuming the nest
was lost at the midpoint between the last visit when it
was active and the first visit showing it had failed
(Mayfield 1975; Johnson 1979). We compared tree
density, distance to nearest tree, and vertical cover of
successful and failed nests using two sample (tests.
We used the delta method (Powell 2007) for calculat-
ing the variance in period survival rate. We did not use
logistic exposure methods or other models for our analy-
sis of nest survival or habitat preferences because of the
small number of nests in our sample. For all analyses,
we set a at 0.05.

Habitat analysis
Most vegetation variables were assessed differently

in 2010 and 2011 because of logistical constraints, but
assessments were made within two weeks of hatching
or nest failure in both years. In 2010, we measured veg-
etation characteristics at 10 nests and 10 random points
in the park. In 2011, we also measured vegetation char-
acteristics in 16 sampling plots within 50-m radius of
the nest (“home range’), as well as 16 “nest” and 23
“park” sites. We did not document space use or move-
ment, but selected a 50-m radius to include the pre-
sumed home range (Houston ef a/. 2011). Although
Upland Sandpipers are known to breed in loose col-
onies and exhibit little territoriality, other populations
have nests more than 300 m apart (Casey ef al. 2011,
Houston ef al. 2011). To select sampling sites within
the presumed home range, a random direction and dis-
tance up to 50 m from the nest were selected, exclud-
ing sites in water. To select park sites, we randomly
chose coordinates in the study area using ArcGIS
(ESRI, Redlands, California, USA) and located sites
in the field using a GPS unit. Randomly chosen sites
were excluded if they were in water, had a high tree
density (> 80 trees with a diameter at breast height
> 2.5 cm in an 11.3-m radius), or were more than 150 m
above the treeline in dry, sparsely vegetated areas. No
nests were found in these environments in either year.

In both years, we measured variables at two scales:
microhabitat (1-m-radius plots) and mesohabitat (11.3-
m-radius plots). In 2010, we measured height of the
tallest vegetation in each cardinal direction within 5 cm
of the point (using a ruler) and the elevation of the point
(using a GPS unit and comparing with topographic
maps for accuracy) at the microhabitat scale. We also
visually estimated the proportion of the nest visible
from | m above and the percentage cover of each spe-
cies and other elements (water and bare ground) in the
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microhabitat. Rare and short (< | cm) herbaceous
species were ignored. At the mesohabitat scale, we
paced the distance to the nearest tree (even if it was
beyond the plot boundaries) or shrub greater than | m
in height and recorded the plant species. The number
of trees and shrubs over | m tall within the 11.3-m-
radius plot was recorded, as well as the percentage cov-
er of shrubs less than | m tall. The area of the habitat
patch containing a nest or park site that did not contain
trees was delineated by walking the inner perimeter of
the surrounding trees using the track function on the
GPS unit.

In 2011 at the microhabitat scale, we measured veg-
etation height near the nest cup and the elevation as in
2010. In addition, we visually estimated percentage
vegetation cover, identifying each species (including
dead sedges and grass), bare ground, water, litter, and
lichens. The slope within the microhabitat was catego-
rized as < 5° or > 5°. Visibility from above was esti-
mated by placing a 13-cm-diameter disc (the approx-
imate diameter of most nests in our study) in the nest
cup or at the centre of the home range or park micro-
habitat sites and estimating the proportion that was vis-
ible. The disc was brown and speckled black to resem-
ble egg colouration. We recorded whether the site was
on a hummock or flat ground. We also recorded the
height of the tallest vegetation within the microhabitat
radius (to the nearest mm), the species, whether it was
dead or alive, and its direction and distance from the
nest.

At the mesohabitat scale, we recorded the number
and species of living and dead trees over | m tall, the
number and species of shrubs over or equal to | m tall,
and the percentage cover of shrubs less than | m. Trees
less than 30 cm in height with a single stem were des-
ignated as seedlings and counted. The distance to the
nearest tree or shrub over | m (even if outside the plot
boundaries) in each cardinal direction (using an esti-
mated 10° swath) was paced and the species was re-
corded, as well as the overall nearest tree and its direc-
tion. Percentage cover of the herbaceous layer, rock and
bare ground, lichens, and water were visually estimat-
ed. Slope within the mesohabitat was visually estimat-
ed in the same categories as above.

Statistical analysis
All data were tested for normality and homogeneity

of variances using Statistica v. 7.0 (StatSoft Inc., Tulsa,
Oklahoma, USA). Data were transformed to meet the
assumptions of parametric testing if necessary. If as-
sumptions of normality were not met after transforma-
tion, we used non-parametric tests. We used ANOVA
to determine whether vegetation height around the nest
varied as a function of direction. We then calculated the
average vegetation height adjacent to the nest for fur-
ther analyses. Data for nest and park plots from 2010 at
both microhabitat and mesohabitat scales were com-
pared using /-tests.
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Data for nest, home range, and park plots from 2011
at both microhabitat and mesohabitat scales were com-
pared using ANOVA (for continuous data); equality of
medians was compared using y? and Kruskal-Wallis
tests (for nonparametric data) and y? tests (for cate-
gorical data). Variables that were significantly corre-
lated were removed from analysis. For example, height
of tallest vegetation adjacent to the nest was correlated
with the tallest vegetation within the microhabitat; thus,
only the latter was retained for analysis. Before analy-
sis, at the mesohabitat scale, we combined variables
related to the number and percentage cover of shrubs
and trees (e.g., numbers of trees over and under | m
were combined). As results were similar for the com-
bined and individual variables, we report results for
combined variables only.

To assess differences in the composition of herba-
ceous plants at the microhabitat scale in both years,
we used PERMANOVA, a permutational distribution-
free method for assessing similarities in communities
(Anderson 2005) and non-metric multidimensional
scaling (MDS) plots with fourth-root transformed data
using the Bray—Curtis similarity index. As vegetation
cover was assessed differently in 2010 and 2011, this
analysis was conducted separately by year. We exclud-
ed plant species that were present at fewer than three
sites, as rare species have little effect on the Bray—
Curtis distance, but increase stress. Stress represents
distortion in MDS plots; a value under 0.2 is consid-
ered a good visualization of the data (Clarke and War-
wick 2001; Clarke and Gorley 2006). We also com-
bined similar species, such as Louseworts (Pedicularis
spp.), to reduce the number of variables. We identified
15 species in 2010 and 39 species or genera in 2011.
PERMANOVA requires a balanced design, so we ran-
domly selected 16 of the park sites for comparison in
PAC

We first assessed the similarity of the dispersion
between the nest, home range, and park sites using
PERMDISP (Anderson 2005). Despite a significant
difference in the dispersion between the groups for
both 2010 and 2011 (see Results), we elected to com-
plete the PERMANOVA analysis to explore the data.
For  both  PERMDISP  and  PERMANOVA,  we  used
4999 permutations.

To represent relations among nest, park, and home
range  sites  graphically,  we  used  PRIMER  v.  6.13
(PRIMER-E Ltd., Plymouth, UK) to create MDS plots.
The axes of these plots do not relate to the original
variables, but the proximity of points within the plots
gives a relative measure of similarity (¢.g., closer points
are more similar, Proctor ef a/. 2012). A hierarchical
cluster analysis using group averages created a cluster
overlay on the plot. Resemblance levels of 20, 40, 60,
and 80% were used with a slackness value of 75%.

We used f-tests to compare successful and failed
nests (combining years to increase power) in terms of
three habitat characteristics (vertical visibility, distance
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to the nearest tree and number of trees in the meso-
habitat).

Results
Microhabitat

Vegetation height adjacent to nests varied as a func-
tion of direction, with vegetation significantly lower
east of the nests than in other directions (/’, ,,= 3.13,
P=0.03); mean height of vegetation (+ standard error):
north, 13.2 + 1.5 cm; east, 10.6 + 1.6 cm; south, 13.4 +
1.2 cm; west, 15.4 + 1.5 cm. In 2010, neither average
tallest vegetation adjacent to nests nor vertical visibility
differed between nest and park sites (Table 1). Using
PERMANOVA, we found a marginally significant dif-
ference in vegetation composition between nest and
park sites (F’, ,.= 2.05, P = 0.08), and a significant dif-
ference in average within-group dissimilarities (F’, ,.=
8.64, P= 0.01). Vegetation cover around nest sites had
greater similarity (61.6%) than at park sites (45.7%).
Based on the MDS plot, stress was 0.16 and similarities
between the majority of the points were over 40%.

Among the nests found in 2011, vertical visibility
differed significantly between site types, with nest sites
less visible than home range or park sites (Table 2).
No other continuous microhabitat variables differed
significantly between the three site types. Over half of
all nests were on a gradual slope, but this proportion
was not significantly different than that of home range
and random park sites (Table 2). Nests were, on aver-
age, at an elevation of 254 m (similar to the value from
2010, Table 1), a value that also did not differ signifi-
cantly from home range or random sites (Table 2). Nest
and home range sites were significantly more likely to
be in hummocky habitats (> 80%) than random park
sites (47.8%).

In 2011, as in 2010, we found no significant differ-
ences in composition of the plant communities at nest,
home range and park sites (PERMANOVA, WN = 48,
F, ,,= 1.25, P= 0.24). The MDS plot shows that sim-"247  ie  cee
ilarity of plant composition between points is over 40%
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and nest sites are concentrated toward the upper centre
of the MDS plot (Figure 1). There were significant dif-
ferences in within-group vegetation composition for all
three site types (PERMDISP, F, ,,= 6.45, P = 0.002),
with nest sites more similar than both park and home
range sites, which were not different (Table 3).
Mesohabitat

Upland Sandpipers nested in Arctic and alpine tundra
and wet sedge meadows, although they were restricted
to drier locations in the latter. Nests occurred in both
small and large clearings within the scattered stunted
White Spruce. Most random park sites and nearly all
home range locations were on gradual slopes, reflect-
ing the hilly nature of the study area. Water in the park,
home range and nest mesohabitat plots was relatively
rare (< 25%; Table 2). The openings used for nesting
were small (< 0.1 ha), but these did not vary signifi-
cantly in size from openings in the random park sites
(Table 1).

Vegetation characteristics at this scale were similar
between nest and park sites in 2010 (Table 1). In 2011,
park sites had significantly more trees and less herba-
ceous cover than either home range or nest sites, which
did not differ from each other (Figure 2, Table 2). None
of the remaining variables differed across site types.

We found no significant differences between suc-
cessful and unsuccessful nests in vertical visibility
(t,, = 1.18, P= 0.25), distance to the nearest tree (t,, =
0.63, P = 0.53), or number of trees in the mesohabitat
(t,, = -0.92, P = 0.37). Inter-nest distances were 288 +
45 m in 2010 and 234 + 42 m in 2011.
Nest survival

In 2010, we found 10 nests, eight with four eggs, one
with three eggs and one with two chicks. In 2011, we
found 16 nests, 14 with four eggs, one with three eggs
and one after the chicks had hatched and left the nest.
In 2010, eight nests hatched successfully, one nest con-
tained whole broken shells on the last visit, and one nest
was abandoned, while in 2011, nine were successful,

TABLE 1. Comparison of habitat characteristics at micro and meso scales between Upland Sandpiper (Bartramia longicauda)
nest sites and random “park” sites at Sheep Creek, Ivvavik National Park, 2010.
—_———————   ———   —"—"“"—_————

Mean (+ SE) or median (range)
Habitat  characteristic  Nest  (n  =  10)  Park  (n  =  10)  1e
Microhabitat
Elevation,  m*  249.5  (239-293)  n/a  —_
Height  of  adjacent  vegetation,  cm  RS  ise  14)  NOME  17  0.83
Vertical  visibility,  %*  91.5  (60.0—97.0)  82.5  (0.0—-100.0)  0.85
Mesohabitat
Area  of  clearing,  m?  492.8  +  261.3  474.6  +  405.1  0.97
Distance  to  nearest  tree,  m  3.4+0.9  4.5+1.0  0.41
Shrub  cover,  %  4S  278  V2.4  2S  0.59
Number  of  trees  over  |  m  tall+  17.1+8.6  24.3  +  5.0  0.48
oooNote: n/a = not applicable, SE = standard error.
*Results are presented as median (range) as the data do not conform to assumptions of normality.
+Log,, transformation used for analysis; means presented as untransformed data.
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=  Ag?)  %  aric  hahite  ~haracterictice  ¢  1Cr,  :  j  ;  ]TABLE 2, Comparison of habitat characteristics at micro and meso scales among Upland Sandpiper (Bartramia longicauda)
nests, random home range sites and random park sites at Sheep Creek, Ivvavik National Park, 2011.
aS  05—00200qa  ee

Mean (+ SE), median (range), or proportion (%)
Home range

Habitat  characteristic  Nest  (1  =  16)  (n=  16)  Park  (n  =  23)  P
Microhabitat
Elevation,  m*  254  (240-356)  260  (247-450)  254  (238-359)  0.30
Tallest  vegetation,  emt  30.4  +  1.8  44.6+6.3  54.7  +  13.1  0.11
Distance  to  tallest  vegetation,  cm  62.7  7.6  74.3  +5.9  79.2  +5.3  0.17
Vertical  visibility,  %*  91.5  (70.0-98.0)  99.0  (85.0-100.0)  99.0  (82.0—100.0)  0.0004
Proportion  (%)  on  hummock  14/16  (87.5)  13/16  (81.3)  11/23  (47.8)  0.01
Proportion  (%)  on  gradual  slope  11/16  (68.8)  7/16  (43.8)  11/23  (47.8)  0.30
Mesohabitat
Herbaceous  cover,  %  ROh  7  23.0  GIRSEE  Sz  Son2c=  3.7  0.045
Lichen  cover,  %§  2D  te  Oe,  1.6+0.6  Dy  iets  (7  0.62
Bare  ground,  %+  2.920656  6105  2.5  Srl  =  176  0.81]
Shrub  cover,  %  LS.  eee  2.9)  DS  ee  Aes  22,5  2:9  0.55
Number  of  shrubs  over  |  m*  0.0  (0.0—2.0)  0.0  (0.0-35.0)  0.0  (0.0-18.0)  0.20
Number  of  saplings*  0.0  (0.0-4.0)  0.0  (0.0-4.0)  0.0  (0.0-38.0)  0.18
Proportion  (%)  on  gradual  slope  11/16  (68.8)  7/16  (43.8)  LH/Z3KGS  9)  0.14
Proportion  (%)  with  water  3/16  (18.8)  4/16  (25.0)  2/23  (8.7)  0.37
Number  of  trees$  NOE  S10  9.4+3.3  32.93  5.9  0.004

Note: SE = standard error.
*Results are presented as median (range) as the data do not conform to assumptions of normality.
+Inverse transformation; means presented as untransformed data.
tSignificant differences between site types.

Site
&  Home  range
@  Nest
@ sC~Park

% Similarity

FicurE 1. Non-metric multidimensional scaling plot of vegetation in the microhabitat at Upland Sandpiper (Bartramia
longicauda) nests, random home range sites and random park sites at Sheep Creek, Ivvavik National Park, Yukon,
Canada, 2011. Using the Bray—Curtis similarity index, the cluster overlay has resemblance levels of 20, 40, 60, and
8( % and a slackness of 75%. Close points indicate sites with more similar plant composition. Stress was 0.18.

TABLE 3. Comparison of within-group similarity of vegetation at Upland Sandpiper (Bartramia longicauda) nests, random
home range sites and random park sites at Sheep Creek, Ivvavik National Park, 2011, using PERMDISP.

Bray—Curtis index (average
Site  type  within  group  similarity),  %  Comparator  t  P
Nest  66.3  Home  range  ay  (0.009
Home  range  56.8  Park  4.0  jee
Park  54.6  Nest  0.7  0.520
a  re
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FIGURE 2. Frequency distribution of number of trees in the mesohabitat (11.3-m-radius plots) at Upland Sandpiper (Bar-
tramia longicauda) nest and home range sites and random park sites at Sheep Creek, Ivvavik National Park, Yukon,
Canada, 2011.

seven were unsuccessful, and the fate of two nests
remained uncertain. Mayfield estimates of daily nest
survival  were  0.989  +  0.007  (n  =  10)  in  2010 and
0.976 + 0.010 (n = 14, excluding the two uncertain
nests) in 2011 for period survival rates of 0.851 + 0.135
and 0.558 + 0.118, respectively, assuming a 21-day
incubation period.

Discussion
Of the many habitat variables we compared in this

study, only a few affected the choice of nest site by
Upland Sandpipers. As predicted, Upland Sandpipers
nested in home ranges with fewer trees and greater
herbaceous cover than found generally in this tree-
line region, although trees in the park were also rela-
tively sparse (32.4 trees/ha). Upland Sandpipers placed
their nests at sites with more vertical cover than avail-
able in their putative home ranges. The composition
of low-lying species of Arctic plants within the nest
sites was less variable than in the home range, suggest-
ing that a site with a relatively homogeneous plant com-
munity is sought. Most nests were placed in areas dom-
inated by sedges, with a mixture of Mountain Avens,
Lapland Rosebay (Rhododendron lapponcium [L]
Wahlenberg), mosses, and willows. None of the vari-
ables we studied predicted nest success of the Upland
Sandpiper, although our sample size of nests was small.

Vegetation east of the nests was 2—5 cm shorter than
in other directions. Upland Sandpipers probably entered
the nest cup consistently from the east, facing into the
predominant northwest wind, which would result in
some trampling of vegetation. Orienting into the wind
both reduces ruffling of the feathers (Gochfeld 1978)
and gives incubating bird greater cover from wind,
thus reducing conductive cooling.

Use of grasslands and other treeless habitats is a
characteristic of the Upland Sandpiper in the southern
and central part of its range (Kirsch and Higgins 1976;
Ailes 1980; Bowen and Kruse 1993; Dechant ef al.
2003*). In North Dakota, occupancy of mixed-prairie
grassland by Upland Sandpipers is negatively correlat-
ed with the proportion of woodland. Therefore, Upland
Sandpipers are designated a woodland sensitive species
(Grant et al. 2004). Trees may provide perches for
avian predators, as well as for their prey, increasing the
potential for higher abundance and activity of preda-
tors associated with woody vegetation. Simultaneous-
ly, trees reduce visibility and diminish the ability of
incubating adult Upland Sandpipers to sense these pred-
ators (Johnson and Temple 1990; Winter et al. 2000:
Coppedge et al. 2001; Chapman et al. 2004; Grant et
al. 2004; Graves et al. 2010). Although Upland Sand-
pipers avoided trees at the scale of their nests and home
ranges in the Yukon, they did use trees in the landscape
for perching and vocalizing while we were in the area
of their nests. Shrub cover in northern Yukon may not
have influenced Upland Sandpipers, as the majority
of the shrubs in this habitat were short (< 20 cm), not
much taller than the herbaceous layer, and scattered
in distribution. In addition, during the nesting season,
the shrubs had limited to no foliage, thus reducing the
effect on visibility.

Upland Sandpipers selected nesting sites with greater
vertical cover or less visibility than random sites with-
in the home range. Vertical or overhead cover, mostly
by grasses and sedges in our study, can increase nest
success by reducing visibility, especially for avian pred-
ators, and reduce egg loss from predation (Dwernychuk
and Boag 1972;  Martin  1993;  DeLong et  al.  1995:
Stokes and Boersma 1998; Dion et al. 2000). The ben-
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eficial effect of overhead cover is especially important
during incubation recesses when the movement of
adults can make the nests more susceptible to avian
predators (Smith e a/. 2012). While incubating, Upland
Sandpipers have a highly cryptic plumage, and the ad-
ditional grasses and other plants that protruded around
the nest cup probably decreased their conspicuousness
even more. Overhead cover can also help to retain
warmth around the nests (With and Webb 1993). As
mean temperatures ranged from —4.2° to 26.9° C dur-
ing incubation in Ivvavik National Park (Government
of Canada 2014), features that reduce temperature stress
on the incubating Upland Sandpipers may improve
reproductive success.

Variation in plant species cover in the microhabitat
around nests was lower than at random sites in the
home range or park, although there was no significant
difference in the amount of species cover. The reduced
variation at nests suggests that Upland Sandpipers
are avoiding sites at the extremes. For example, the
maximum amount of bare ground at nesting sites was
9.0%, whereas at home ranges, it was 91.0% and at
park sites 28.5%. Upland Sandpipers did not use sites
that were wet, where Eguisetum spp. were common, or
dry, rocky sites, where Dryas spp. were common. Bare
ground could occur at either dry sites where rocks and
exposed ground were common or wet sites where the
water had receded. In the future, vegetation should be
categorized by habitat type (i.e., wet, dry, etc.) or struc-
ture, rather than by individual species, as it is unlikely
that Upland Sandpipers can distinguish between plant
species of similar height and shape.

Nest success (56-85%) in this northern breeding
population was at the high end of the range reported
from other more southerly locations (see review in
Garvey et al. 2013). This observation, albeit based on
a small sample size, is consistent with predictions re-
garding a latitudinal effect on predation risk (McKin-
non et al. 2010). Contrary to our predictions, nest suc-
cess was not influenced by either distance to trees or
number of trees at the mesohabitat scale, nor vertical
cover. This may have been due to the small sample size
of failed nests or because of a diverse predator com-
munity. When there is a diverse predator community
that uses various cues and searching methods to find
nests, it can result in no adaptive signal of habitat selec-
tion (Braden 1999, Dion ef al. 2000). Further explo-
ration of the relation between predator abundance and
an encroaching treeline is needed in this northern loca-
tion. In the prairies, Clay-colored (Spizella pallida) and
Vesper Sparrows (Pooecetes gramineus) have greater
nest survival near forest edges, as their main predator
(the Thirteen-lined Ground Squirrel, /ctidomys tride-
cemlineatus) is primarily found in grassland interiors
(Grant et al. 2006). By contrast, in predominantly for-
ested areas, many species experience lower reproduc-
tive success near edges (Burke and Nol 2000). The
nesting success of Upland Sandpipers in the Canadian
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prairies appears to be predominantly influenced by nest
age and not by landscape features (Garvey ef a/. 2013),
a result that is similar to our findings.

We have provided the first detailed description of the
habitat of nesting Upland Sandpipers at the northern
edge of their range. As in the prairie regions, Upland
Sandpipers in the northern Yukon breed in home ranges
with less tree cover and greater herbaceous cover than
what is randomly found. Within lvvavik National Park,
Upland Sandpipers are restricted to inland, sparsely
treed regions (Brown ef al. 2007). In addition, within
the park, Upland Sandpipers nest in flat valleys and
along shallow slopes, as the mountains are too rocky
for this grassland species and the steep, south-facing
slopes have dense spruce cover. As early as the middle
of the last century, Buss (1951) suggested the potential
for habitat loss for Upland Sandpipers in the southern
Yukon because of encroachment of vegetation into the
clearings used for breeding. Given the already small
openings (< 0.1 ha) in the sparsely forested landscape
where Upland Sandpipers nest, habitat loss as a result
of northward shrub and tree encroachment with cli-
mate warming is a real threat to this population’s per-
sistence.
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