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Abstract

Birds rely on consistent patterns of food availability on their breeding grounds to successfully complete their breeding cycle.
Due to ongoing warming of the sub-Arctic, there is potential for a mismatch between the peak in available invertebrate
biomass and the peak in food demand for shorebird chicks. During the summers of 2010 and 2011, we investigated the rela-
tionship between temperature and benthic and terrestrial invertebrate biomass, measured using three sampling techniques in
Churchill, Manitoba. We also investigated the relationship between timing of breeding of Semipalmated Plovers (Charadrius
semipalmatus) and timing of peaks in invertebrate biomass. In 2011, chick growth rates were also measured to examine
whether hatching in synchrony with the peak in invertebrate biomass during the brood rearing period affected growth rates.
In 2010, emergent and core invertebrate biomass were negatively related to soil degree days, whereas in 2011, core biomass
increased with soil degree days and pitfall biomass increased with air temperature. Total invertebrate biomass (summed over
trap types) peaked from 25 to 31 days before the median chick hatch date in 2010 and 10 days after the median chick hatch
date in 2011. In 2011 we did not detect any effects of asynchrony on the growth of Semipalmated Plover chicks. These results
may indicate that food resources in their environment remain adequate throughout the breeding season, despite inter-annual
fluctuations in the timing of invertebrate peaks.
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Introduction

Migratory species time their movements in part to take
advantage of seasonal flushes in food resources on their
breeding grounds (Johansson and Jonzen 2012). The phe-
nology of migration in many long-distance migrant birds
is primarily driven by day length, an environmental factor
that is not influenced by weather (Both and Visser 2005).
As climate change affects northern latitudes at a more accel-
erated pace than southern latitudes, differential changes in
climate may outpace the ability of populations to adapt to
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climate-induced changes in the timing of resource peaks
on their breeding grounds (Both and Visser 2001; Stenseth
and Mysterud 2002; Senner 2012). A delayed migratory
response to changes in climate on the breeding grounds
could result in a later start to breeding, lower breeding suc-
cess, and a subsequent decline in population size (Both and
Visser 2001; Drever et al. 2012).

Climate change induced gaps between the timing of hatch
and peaks in food availability on the breeding grounds, here-
after “mismatch” (Stenseth and Mysterud 2002), has been
noted as one the of the possible mechanisms driving popu-
lation declines in insectivorous Arctic-nesting shorebird
populations (Tulp and Schekkerman 2008). In the Arctic,
short peaks in invertebrate abundance during mid-summer
(MacLean and Pitelka 1971; McKinnon et al. 2012; Bolduc
et al. 2013) are driven largely by temperature (Hodkinson
et al. 1998; Danks 2004). Short summer and weather-related
resource availability translates into a small window during
which there is adequate food available for reproduction and
the growth and survival of young. As such, birds breeding
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at northern latitudes are under intense pressure to acquire
sufficient food to fuel them throughout the various stages
of their breeding cycle (Morrison et al. 2007; Senner 2012).
Thus, birds should time their breeding cycle so that chicks
hatch just prior to the peak in invertebrate biomass (Meltofte
et al. 2008).

During the breeding season in the sub-Arctic, Semipal-
mated Plovers (Charadrius semipalmatus) are opportunistic
foragers that consume a variety of invertebrates from wet
substrates, which is dependent largely (but not exclusively)
on their availability and detectability (Skagen and Oman
1996; Rose and Nol 2010). Semipalmated Plover chicks
are precocial, with a fledging period of 21 days (Nol and
Blanken 2014). Unlike adults who often fly 3 km to forage
(CAC pers. obs.), chicks generally forage within 200 m from
their nest (CAC pers. obs., Armstrong and Nol 1993).

The objectives of this study were to: (1) investigate driv-
ers of seasonal variation in the invertebrate biomass through-
out the shorebird breeding season, (2) test for potential mis-
match between peaks in invertebrate biomass and peaks in
hatching of Semipalmated Plover chicks, and (3) assess the
effects of a mismatch on chick growth rates. Determining the
timing of prey availability and hatching dates is a necessary
precondition for the mismatch hypothesis (Dunn et al. 2011).

Materials and methods
Study site

Data were collected during the summers of 2010-2011
between 29 May and 10 August in the Churchill, Manitoba
(58°45'N, 94°04'W, Fig. 1) region. Invertebrate sampling
was conducted at known Semipalmated Plover foraging
sites. Semipalmated Plovers foraged both along the coast
and at inland ponds on wet substrates free from vegetation.
Coastal sites were < 500 m from Hudson Bay with no
vegetation barrier between Hudson Bay and the foraging
site. Coastal habitat zones were found at the supratidal
zone along Hudson Bay, the substrate of which was satu-
rated and high in organic content due to high amounts
of macroalgal detritus from marine sources immediately
surrounding the sampling locations but not constituting
them. These zones were never submerged during the tidal
cycle during the study period, and the shallow ponds and
the soils surrounding them were potentially brackish due
to sea spray from wind, storm events, or inputs from the
decaying marine vegetation (Adams et al. 1992). Vegeta-
tion grew in low densities surrounding these areas, and
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consisted of willow (Salix spp.), birch (Betula spp.) and
sedges (Cyperaceae). The sizes of the ponds at these sites
changed frequently, affected both by rainfall and evapora-
tion during high temperatures. Inland freshwater ponds
were > 500 m from the coast. Willow, birch and sedges
grew in the wet mud and gravel on the shorelines of these
ponds.

Invertebrate phenology and biomass

Invertebrate sampling techniques were chosen to include the
diversity of invertebrates likely to be consumed by Semi-
palmated Plovers which are generalist foragers (Nol and
Blanken 2014). Emergence traps and soil core samples were
collected every three to four days in 2010, and every three
days in 2011. In 2010, three inland and seven coastal sites
were sampled for invertebrates with the aim of sampling as
many representative feeding sites as possible. In 2011, two
coastal and two inland sites were sampled every three days
to minimize among site variability. At each site, three 5-cm
deep soil core samples were collected using a 5-cm diam-
eter tube (sample volume =98.1 cm?), in addition to samples
from three emergence traps. In 2010, emergence traps con-
sisted of plastic rectangular containers (volume =600 cm?),
coated with vegetable oil in the interior to trap the emerging
insects and to ease extraction. In 2011, we used aluminum
pie plates with an exposed area of 314 cm?. In 2011, a round
white pitfall trap (11.5 cm diameter X 8.5 cm deep (total sur-
face area was 103.9 cm?) filled with soapy water, was set
approximately 30 cm from each emergence trap. Pitfall traps
were buried flush with the ground’s surface. Emergence and
pitfall traps were left at each sampling location for a period
of 24 h and then brought back to the lab. Invertebrates were
extracted from emergence traps using forceps and from pit-
fall traps by pouring their contents through coffee filters. All
samples were then stored in 95% ethanol for later identifica-
tion to Family, enumeration, and measurement. Invertebrates
from core samples were extracted within 12 h of collection
so that invertebrates were still alive, as movement facilitated
detection. Each sample was placed into a white observa-
tion tray and components of the sample were separated with
water and forceps. Samples were viewed in the tray for a
maximum of 20 min, but if no invertebrates were seen after
5 min, observation ceased. Invertebrates were removed and
stored in 95% ethanol for later identification to Family, enu-
meration, and measurement (to nearest 1 mm).

In the sub-Arctic, invertebrate peaks are commonly
driven by large numbers of small invertebrates, therefore,
abundance is a poor representation of how much energy
may be available to shorebirds at a given time (White et al.
2007). As such, peaks were ascertained based on biomass (g/
trap) determined using length:mass relationships from lin-
ear and polynomial regressions and power functions derived

previously for invertebrates in similar sub-Arctic environ-
ments (L.P. Nguyen, unpubl. data).

Each time a core sample was collected and an emergence
trap was set, soil temperature of the top 10 cm of the sam-
pling location was measured to the nearest 0.1 °C, using
a digital temperature probe. Daily mean and minimum air
temperatures were obtained from Environment Canada
(2013) for the Churchill, Manitoba airport weather station
(Station A). Cumulative air degree days were calculated for
each sampling day by summing temperatures for each day
the mean air temperature was above zero, beginning with
the first day when there was consistently no snow cover (15
May 2010 and 16 May 2011). Cumulative soil degree days
were calculated similarly but starting with the first day of
invertebrate sampling in each year (28 May 2010 and 29
May 2011).

Semipalmated Plover breeding phenology and chick
growth.

Semipalmated Plover nests were located during the laying
and incubation periods at coastal and inland locations (Nol
and Blanken 2014). Areas with known nests or pairs from
previous years were visited every 2-3 days. Nests were
located for nearly every pair observed, and these nests were
monitored every 2-3 days until no longer active. Clutch sizes
were recorded and predicted hatch dates were estimated by
counting ahead 24 days (the average incubation period for
Semipalmated Plovers) from the clutch completion date (Nol
and Blanken 2014). If a nest was found after the clutch had
been completed, estimated clutch completion date was deter-
mined using the egg flotation method (Liebezeit et al. 2007),
or by back-calculating from the hatch date if this was known.

During 2011, nests were visited at hatch so that each
chick (n=758) could be banded at age 0. Each chick’s leg was
banded with an aluminum-numbered band and each brood
was assigned a unique combination of two color bands. After
banding, each chick was weighed to the nearest 0.5 g using a
50-g Pesola scale. Broods were then relocated approximately
every three days, until we could no longer locate them, or
until chicks fledged.

Statistical analysis

Effects of location (coastal versus inland) and environmental
temperature (air temperature, soil temperature, air degree
days, and soil degree days) on invertebrate biomass were
tested using multiple linear mixed-effects models. Biomass
of each trap type (separately) was the dependent variable
for all analyses. Because of differences in either sampling
locations or trap size, the 2 years were analyzed separately.
The effects of environmental temperature and location on
biomass were modeled as fixed effects and site was included
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as a random effect because we had three replicate traps (for
each type), per site. As air temperature, soil temperature, air
degree days, and soil degree days were all highly correlated
(r>0.62), one weather variable for each model was selected
based on the presumed relative importance of the substrate
for invertebrate movement (e.g., core and emergent samples
were predicted to relate most strongly to soil degree days,
while the activity of invertebrates falling into pitfall traps
was predicted to be most closely related to air temperature).
All data were log-transformed before analysis to conform to
normal distributions.

To assess the effects of asynchrony between peak in
invertebrate biomass and chick hatching in 2011, peak in
invertebrate biomass (summed across all trap types) within
the hatching period were identified graphically. The peak
was defined as the day on which invertebrate biomass was
greatest between 7 and 25 July (hatch dates for the first and
last nest to hatch, respectively). Growth curves (growth mod-
eled on age alone) were generated using the package “drc”
in Program R (Ritz and Streibig 2005). Preliminary model
selection (Akaike Information Criterion, AIC) revealed the
four parameter logistic model to be the best fit to the growth
data over a series of other models. To assess the importance
of asynchrony on chick growth, growth curves were then
generated for chicks hatching within 5 days of the peak in
invertebrate biomass and chicks hatching greater than 5 days
before or after the peak and compared to growth modeled on
age alone, using the package ‘drc’ (Ritz and Streibig 2005).

The model with the lowest AIC score was considered
the best fitting model, and models with <2 delta AIC from
the top model were considered competitive (Burnham and
Anderson 2002). Analyses were conducted using statisti-
cal program R (R Development Core Team 2015) and JMP
(SAS Institute, Inc. 2014). Unless otherwise specified, all
statistical tests were based on an alpha of 0.05.

Results

Churchill average air temperatures ranged from — 1.6 °C in
May to 23.5 °C in August. Soil temperatures varied from
—0.4 °C in May to 20.5 °C in August. During invertebrate
sampling minimum daily soil temperatures dropped below
0 °C in three days in May 2010, but not in 2011. Soil tem-
peratures remained consistently above freezing during June,
July and August in both years.

Invertebrate phenology and biomass

In 2010, 28 invertebrate families from eight orders were
identified. Prey from the Order Diptera were the most abun-
dant (66.4% of all invertebrate biomass) while prey from the
Order Collembola were the second most abundant (18.7%).
In 2011, 27 families from seven orders were identified.
Diptera accounted for 39.6% of the overall invertebrate bio-
mass, with Acarina and Coleoptera accounting for 19.6%
and 12.3%, respectively. Family composition of invertebrates
was similar between coastal and inland sites in both years,
with no exclusively marine invertebrates collected at coastal
sites. Based on biomass, Diptera (44.6%) were the dominant
taxa in core samples followed by Oligochaeates (31.1%) and
Collembola (22.7%). Emergence traps caught 59.7% Col-
lembola, 28.3% Diptera and 8.1% Acarina. Finally, pitfall
traps contained 43.2% Acarina, 35.0% Diptera, and 7.9%
Hemiptera.

Of the three trap types, pitfalls yielded the highest inver-
tebrate biomass (Table 1). Peaks of invertebrate biomass
varied depending on year, trap type and location (Fig. 2).
In 2010, there was only one distinct peak for both core and
emergent traps, whereas in 2011 there were two distinct
peaks in invertebrate biomass from both emergent and pit-
fall traps but these occurred at different times. There was one
peak in invertebrates collected from core samples but this
peak was only evident from samples collected from coastal
sampling sites (Fig. 2).

Soil degree days was a significant negative predic-
tor of biomass from core and emergent traps in 2010,

Table 1 Least-squared mean

. . Trap type 2010 2011

invertebrate biomass (+ 95%

CI, back-transformed from Coastal Inland Coastal Inland

log values to g) per trap, from

three invertebrate sampling Core (g) 0.004 0.001 0.008 0.005

techniques, for coastal and (0.001-0.011) (0.0002-0.008) (0.001-0.058) (0.0007-0.041)

inland locations around Emergent (g) 0.24 0.18 0.91%* 0.21%

Churchill, Manitoba (2010, (0.09-0.64) (0.05-0.66) (0.47-1.78) (0.11-0.41)

201D Pitfall (g) NA NA 53.0% 9.7+
(28.3-99.2) (5.2-18.1)

Asterisks indicate significant differences (P < 0.05) in invertebrate biomass between locations, within years
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Fig.2 Boxplots of hatch dates for Semipalmated Plovers (Charadrius semipalmatus), and mean daily invertebrate biomass between 29 May and
10 August in 2010 and 2011 near Churchill, Manitoba. Boxplots present the median, 10th, 25th, 75th, 90th percentiles, and all outliers
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Table 2 Parameter estimates

A Year Traptype n Intercept Habitat *(Coast) P Temperature (°C) P Variance com-
from GLM to determine impacts p
. ponent site (%)
of habitat and temperature on
invertebrate biomass (log), 2010 Core* 37 —502  0.31(0.45) 045 —0.003(0.001) 0.001 99
collected from three trap types Emergent® 26 —020  0.05(0.29) 0.86  — 0.004 (0.0006) 0.001 33.0
from sampling sites around the )
Churchill, Manitoba region 2011 Core* 24 —581 042049 0.39 0.002 (0.0006) 0.001 25.4
Emergent* 24 —1.01 0.72 (0.24) 0.003  0.0006 (0.0004) 0.14 6.4
Pitfall® 24 245  0.85(0.23) 0.001 0.07 (0.01) 0.0001 9.8
Bolded values represent significant predictors (P < 0.05)
*Temperature is measured as soil degree days
®Air temperature
Table 3 Semipalmated Plover (Charadrius semipalmatus) nesting phenology for 2010 and 2011 near Churchill, Manitoba
2010 2011
Coast Inland Coast Inland

Earliest, latest and median clutch com-
pletion dates

N (nests) 30
4 =20 July (12 July)

10 June-2 July (20 June)

Earliest, latest and median hatch dates

11-27 June (20 June)

5-17 July (11 July)

13 June—6 July (25 June) 1230 June (22 June)

27 11
8-25 July (17 July) 7-23 July (15 July)

while in 2011 this relationship was positive for core traps
(Table 2). Air temperature was a significant positive pre-
dictor of pitfall trap biomass in 2011. There was signifi-
cantly greater invertebrate biomass captured in emergence
and pitfall traps at the coast than inland in 2011 (Tables 1,
2).

Semipalmated Plover breeding phenology and chick
growth

Median hatch dates were similar between coastal and inland
sites in both years, but median hatch dates were approxi-
mately 4 to 5 days later in 2011 than in 2010 for both sites
(Table 3). In 2010, invertebrate biomass (summed across all
trap types) peaked 31 days before the median hatch date of
the chicks at the inland sites, and 25 days before the median
hatch date at the coastal sites (Fig. 2). In 2011, peak inverte-
brate biomass occurred 10 days after the median hatch date
at the inland sites, and 8 days after the median hatch date at
the coastal sites (Fig. 1).

We measured the mass of 58 plover chicks on 107 occa-
sions (average number of recaptures per chick: 1.8, range
1-5). Based on the 4-parameter logistic growth model
(growth as a factor of age alone), growth was fastest at
7.4 days of age (Fig. 3). The mean chick mass at age 0 was
6.0 g and the mean mass at the asymptote of this model was
31.5 g, which is approximately 67% of the average adult
body mass of 47 g (Teather and Nol 1997). We did not detect
any effect of asynchrony between the timing of food peaks
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Fig.3 Plot of the four-parameter logistic growth curve for all Semi-
palmated Plover (Charadrius semipalmatus) chicks that were meas-
ured in the 2011 breeding season near Churchill, Manitoba. Circles
represent chicks that hatched within 5 days of the peak in invertebrate
biomass, and triangles represent those that hatched greater than 5
days before or after the peak

and hatch as growth rates of chicks that hatched within
5 days of the invertebrate peak did not differ from those that
hatched outside of the peaks (AAIC=2.82; Table 4, Fig. 3).
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Table 4 Comparison of growth models for chicks of Semipalmated
Plovers (Charadrius semipalmatus)

Model Number of param- AIC A AIC
eters
Age + synchrony 3 491.99 3.04
(within 5 days)
Age 2 489.17 0
Discussion

Results from our invertebrate sampling suggest a high level
of inter-annual variation in both the timing of resource peaks
and their relationship with environmental variables. In Arc-
tic and sub-Arctic regions, invertebrate activity begins in
early spring in response to snowmelt due to temperatures
remaining consistently above freezing (Danks 2004; Hoye
and Forchhammer 2008a, b). In general, invertebrate activ-
ity increases as temperature increases throughout the sea-
son (Hodkinson et al. 1998; Hoye and Forchhammer 2008b;
Bolduc et al. 2013). In 2011, our results from both core
sampling and pitfall sampling were consistent with these
general trends, with positive relationships with soil and air
temperatures, respectively. However, once invertebrate activ-
ity is triggered by temperatures above (FC, there is a flush of
emergence, often followed by a drop in invertebrate emer-
gence when the seasonal stock is depleted (Hoye and Forch-
hammer 2008a). This may explain the negative relationships
documented in 2010 for both core and emergent sampling.
Annual variation in phenology of insects and overall weather
patterns can result in complex and inconsistent environ-
mental effects (Bolduc et al. 2013). Indeed, relationships
between environmental predictors and invertebrate biomass
were significant in all but one of the five possible year/
trap combinations, but the relationships were not consist-
ent between years and did not have large explanatory power
(Radj2 <24%). That the sampling methods we used collected
such a diverse suite of invertebrate orders, each possibly
with its own relationship to environmental variables, could
explain these inconsistent environmental effects.

In 2010, there was only one distinct peak for both core
and emergent traps, whereas in 2011 there were two distinct
peaks in invertebrate biomass from both emergent and pitfall
traps but these occurred at different times (Fig. 2). There
was one peak in invertebrates collected from core samples
but this peak was only evident from samples collected from
coastal sampling sites (Fig. 2).

Our results also indicate considerable inter-annual vari-
ation in the number and timing of invertebrate biomass
peaks between years. Whereas, we found one distinct
biomass peak for core and emergent traps in 2010 and
core traps in 2011 (coastal sites only), there were two dis-
tinct, but not simultaneous, peaks for emergent and pitfall

traps in 2011. In 2011, the first peak from emergent traps
appeared in early June, while the first peak from pitfall
traps occurred much later. For both sampling methods
the second peak occurred during the period when chicks
were growing. Pitfall traps captured the highest biomass of
invertebrates and the results with this trapping technique
suggested that warmer air temperatures would allow for
greater foraging success by plovers, due to greater inverte-
brate activity levels. As plovers are generalist foragers on
the breeding grounds (Baker 1977; Nol and Blanken 2014)
these multiple peaks and patterns in biomass may have
provided a diversity of food throughout the nesting cycle.

Semipalmated Plover chicks hatched on average
25-31 days after the seasonal peak in invertebrate bio-
mass in 2010, and 8-10 days before the seasonal peak in
2011. The number of days of mismatch between hatch-
ing of chicks and the seasonal peaks in food resources
during the chick-rearing period, is comparable to results
found in other studies (McKinnon et al. 2012). To support
the mismatch hypothesis as an explanation for reduced
reproductive success, there must be some observable
effect of asynchrony between hatching and peaks in food
resources on growth, survival, or recruitment. During the
year in which growth of chicks was measured, all chicks
hatched before the seasonal (and greatest) peak in total
food resources. However, when the effects of asynchrony
were tested based on the timing of hatch in relation to the
peak of food that was identified within the hatching period,
no effects of asynchrony on the growth of Semipalmated
Plover chicks were detected. This is in contrast to several
other studies of shorebirds that provide evidence that it is
beneficial for chicks to hatch in synchrony with peaks in
food availability to achieve an optimum rate of develop-
ment (Schekkerman et al. 2003; McKinnon et al. 2012).
Similarly, cool weather, assumed to result in less foraging
time and lower food intake, was associated with reduced
growth rates in Little Stint (Calidris minuta) (Tjorve et al.
2007) and declines in Dunlin (Calidris alpina) and Little
Stint growth rates were associated with declines in inver-
tebrate abundance (Tulp 2008).

That no effect of asynchrony was detected on chick
growth in the Semipalmated Plover could indicate that their
environment is relatively rich in terms of food availability
even outside of our defined peaks in insect availability. No
starving chicks were captured and this is consistent with
this hypothesis. Inland sampling sites contained substan-
tially lower invertebrate biomass than the coastal sites (at
least based on emergent and pitfall sampling), consistent
with what has been found previously in Churchill, Manitoba
(Nol and Blanken 2014). Too few older chicks were captured
at inland sites to make any valid comparisons of growth
between habitats but no signs of starvation were detected
there either.
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High Arctic environments exert higher thermoregula-
tory demands on chicks than at sub-Arctic latitudes, and
as such, they require a minimum daily intake of food to
meet energetic requirements for growth and thermoregu-
lation (Schekkerman et al. 2003). This could suggest that
energetic requirements of chicks breeding in the sub-Arctic
are not completely reliant on the peak, and that food levels
would have to drop below some threshold for there to be a
noticeable effect on chick growth and survival. Tulp (2008)
found that Red Knot (Calidris canutus) chick growth rates
dropped drastically when invertebrate biomass obtained in
pitfall samples dropped below 100 mg/20 traps/day, while
growth was considered normal at a minimum of 200 mg/20
traps/day, which was still well below their measured peak
in invertebrate biomass. The pitfall traps used in this study
had the same diameter surface exposed for potential prey
(Tulp 2008) but captured biomass that was several orders
of magnitudes more than this, even at inland sites. Thus, it
may not be surprising that negative effects on chick growth
were not detected. Even in the event of a true mismatch,
there is also evidence that increased ambient temperatures
during the brood rearing season may alleviate the effects of
reduced food availability at least in the short term (McKin-
non et al. 2013).

As generalist foragers, Semipalmated Plover adults con-
sume food items that are available in abundance (Baker
1977; Skagen and Oman 1996; Smith and Nol 2000) with
size selectivity for some prey items during the non-breed-
ing season (Rose et al. 2016). This dietary flexibility allows
them to forage in diverse habitats (Skagen and Oman 1996;
Rose and Nol 2010). In this study, we defined our biomass
peaks based on all available food items. However, our analy-
ses could have been improved if we had site-specific diets
of chicks, for example via DNA metabarcoding (McClena-
ghan et al. in press), and more accurately defined biomass
peaks based on confirmed diet items only. In other stud-
ies detecting an effect of asynchrony in relation to seasonal
peaks of insects, the study species exhibited more special-
ized foraging strategies, whereby they were reliant on a spe-
cific and/or smaller selection of invertebrate families [e.g.,
American Golden Plovers (Pluvialis dominica) (Pearce-Hig-
gins et al. 2005) and Baird’s Sandpipers (Calidris bairdii)
on Tipulidae (McKinnon et al. 2012)]. This difference in
foraging strategies between birds that do show signs of mis-
match between timing of nesting and their prey, and those
that do not is also born out in the literature on the impacts
of mismatch on songbird demography (Dunn et al. 2011).
Generalist bird species not only have more options for forag-
ing, but peaks in invertebrate abundances are more difficult
to document because total biomass encompasses a large
range of invertebrate life histories. In the case of shorebirds
nesting in the sub-Arctic, not only is there a greater abun-
dance and diversity of invertebrates available for foraging
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shorebirds at lower latitude sites, but there are less consist-
ent or pronounced peaks in food availability than there are
at higher latitudes (Schekkerman et al. 2003; Tjorve et al.
2007; McKinnon et al. 2012; Bolduc et al. 2013).

The results here show an asynchrony between hatch
and peaks in food resources for Semipalmated Plovers in
Churchill, Manitoba but this asynchrony varied in direc-
tion between our two years of study. Further simultaneous
sampling of food and nesting phenology over a much larger
number of years, along with more detailed studies of chick
diets, will allow determination of whether a shift in the sea-
sonal abundance of invertebrates has occurred and whether
there are negative consequences for plover demography.
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