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Forest management is often used to increase and maintain early-successional forest habitat for breeding
birds by emulating natural disturbance with harvesting. However, quantified habitat-use relationships
are often lacking, which makes forest management planning challenging for some species. One such spe-
cies is the Eastern Whip-poor-will (Antrostomus vociferus), a crepuscular, insectivorous, neotropical,
migrant bird, designated as a species at risk throughout most of its breeding range. Thus, we determined
occupancy of Eastern Whip-poor-wills at 37 sampling points in red pine (Pinus resinosa)-dominated
stands harvested using clearcut with seed trees and in white pine (P. strobus)-dominated stands har-
vested using uniform shelterwood in June 2013 in eastern Algonquin Provincial Park, Ontario. In red pine
stands, we found that model-predicted site occupancy increased by 3.3 times from 0.23 where young
(<16 years since harvest) clearcuts were absent to 0.76 where young clearcuts were present. Shelterwood
harvesting in white pine stands, by contrast, was unassociated with occupancy. Our data suggest that an
aggregated mean total of 12 ha of clearcuts per 100 ha (interquartile range: 1.5–18 ha) of mature pine-
dominated forest is associated with significantly higher occupancy by breeding Eastern Whip-poor-wills,
and that the clearcuts can be composed of various sizes (interquartile range: 3–42 ha) and ages (inter-
quartile range: 5–24 years since harvest). Given that similar relationships have been found by others
elsewhere, clearcuts may increase the occupancy and abundance of breeding Eastern Whip-poor-wills
in other regions and forest types throughout northeastern North America.

� 2014 Elsevier B.V. All rights reserved.
1. Introduction

Over the past half century early-successional forests have
declined in certain regions of northeastern North America
(Askins, 2001). In the US Great Lakes states the proportion of tim-
berlands in the seedling–sapling stage declined from 50–60% in the
1950s to 28% in the 1990s (Trani et al., 2001). Similar declines in
early-successional forests occurred in most other northeastern US
states and adjacent Ontario, Canada (Askins, 2000; Blancher
et al., 2007). For instance, mature forests increased at the expense
of early-successional forests in New Hampshire from 47% in 1880
to 87% in 1980 (Litvaitis, 1993), while mature forests increased
in Ontario south of the Canadian Shield from 10% in 1920 (Larson
et al., 1999) to 29% in 2006 (OMNR, 2006).
The causes of declines in early-successional forests depend on
various regional pressures (DeGraaf and Yamasaki, 2003). In most
of the northeastern US declines are attributed mainly to reforesta-
tion of abandoned farms, cleared originally in the 1800s and early
1900s (e.g., Litvaitis, 1993). By contrast, in parts of central Ontario
where agriculture has always been largely absent (e.g., Algonquin
Provincial Park), declines are attributed mainly to fire suppression
(Williams, 2009; Tozer, 2012). Other causes leading to declines in
early-successional forests in certain areas include fewer distur-
bance-creating floods due to storm water management and fewer
meadow-creating beavers due to trapping and protection of
property (DeGraaf and Yamasaki, 2003).

Early-successional forests have always been present on the
landscape due to disturbance, reaching their highest rate of occur-
rence following European land-clearing for settlement and prior to
widespread fire control (Riley, 2013). Evidence suggests, however,
that early-successional forest habitats have since declined to a
point below their natural rate of occurrence in some regions of
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northeastern North America (Lorimer and White, 2003). For
instance, the current extent of early-successional forests in pine-
dominated areas in central Ontario is closer to natural levels now
than following European settlement and prior to fire suppression,
but the extent may have fallen below the natural rate of occurrence
by more than a quarter (Elkie et al., 2013).

A consequence of declining early-successional forests has been
reductions in certain animal populations, which use them for
breeding (e.g., Litvaitis, 2001). Declines have been especially
widespread amongst birds (Dettmers, 2003). Populations of 65%
of eastern North American shrub–scrub-associated bird species
significantly declined between the 1960s and 1990s (Hunter
et al., 2001). Compared to any other group of birds, shrubland-
dependent breeding birds host the largest proportion of species
requiring long-term conservation planning in the northeastern
US (45%); grassland birds (40%) and forest birds (34%) score lower
(Dettmers, 2003). Although there are many factors involved, popu-
lation declines of most early-successional forest birds are nonethe-
less tightly linked temporally with concurrent declines in breeding
habitat (Litvaitis, 1993).

To help alleviate bird population declines, forest management
can be used as a means to increase and maintain early-successional
forest habitat by emulating natural disturbance with harvesting
(Thompson and DeGraaf, 2001). Managers have good knowledge
of the species that depend on early-successional forests (e.g.,
Hunter et al., 2001) and the number of years after disturbance dur-
ing which these species are present (e.g., Thompson and DeGraaf,
2001), but they often lack more-detailed wildlife-habitat relation-
ships for most members of the group (an exception being certain
songbirds; e.g., Askins et al., 2007). The absence of quantified hab-
itat relationships for most early-successional forest bird species,
such as the habitat quality of different types and characteristics
of harvests, makes forest management planning challenging for
some species.

One such species is the Eastern Whip-poor-will (Antrostomus
vociferus), a crepuscular, insectivorous, neotropical, migrant bird,
designated as a species at risk throughout many parts of its breed-
ing range due to steep population declines (Cink, 2002). Although
the causes are unknown, habitat loss and degradation, vehicle
collisions, and changes in food supply related to pesticides and cli-
mate change may explain population declines (COSEWIC, 2009).
Eastern Whip-poor-wills call most frequently during periods when
the moon is >50% illuminated (Wilson and Watts, 2006), presum-
ably because they time breeding to coincide with the full moon,
which likely assists with sit-and-wait capture of large back-lit
insects (Mills, 1986). Foraging individuals appear to concentrate
along the edges of forest clearings, including those created by
harvesting (Cink, 2002), presumably because insects back-lit by
moonlight are easier to locate in the open conditions found there
(Mills, 1986). Very little is known regarding relationships between
occurrence of Eastern Whip-poor-wills and different types of har-
vesting, partly due to lack of correctly-timed surveys. A study in
North Carolina was an exception, which found that the relative
abundance of Eastern Whip-poor-wills on moonlit nights was seven
times higher along the edges of regenerating loblolly pine (Pinus
taeda) clearcuts than within forests (Wilson and Watts, 2008).

We determined occupancy of Eastern Whip-poor-wills in red
pine (Pinus resinosa)-dominated stands harvested using clearcut
with seed trees and in white pine (P. strobus)-dominated stands
harvested using uniform shelterwood in eastern Algonquin Provin-
cial Park, Ontario, Canada. We predicted that occurrence of Eastern
Whip-poor-wills, measured via an established monitoring protocol
(Bird Studies Canada, 2013), would increase most in the presence
of clearcuts (see also Wilson and Watts, 2008), and would also
increase, but to a lesser degree, with increasing amounts of shelter-
wood harvesting. We based our predictions on the premise that
larger openings in the canopy formed by clearcut harvesting would
provide superior foraging habitat because large insects would be
maximally back-lit by moonlight, followed by smaller canopy
openings formed by shelterwood harvesting (Mills, 1986).
2. Methods

2.1. Study area

Our study was conducted during June 2013 in the eastern por-
tion of Algonquin Provincial Park, Ontario, Canada (45�550N,
77�550W). The canopy trees within 500 m of sampling points were
comprised of stands dominated by white pine (53%); white pine
mixed with other conifers and hardwoods (16%); red pine (P. resin-
osa; 12%); jack pine (P. banksiana; 3%); and various combinations of
red oak (Quercus rubra), black spruce (Picea mariana), white birch
(Betula papyrifera), sugar maple (Acer saccharum), white spruce
(P. glauca), and other less common hardwoods and conifers (16%)
(based on Forest Resource Inventory information, Ontario Ministry
of Natural Resources). The entire study area was high-graded for
super-canopy white pine in the mid-to-late1800s, and for hard-
woods in the early 1900s (Lloyd, 2006). Since 1975, the study area
has been managed using a mix of predominantly shelterwood in
white pine-dominated stands, and to a lesser extent, clearcut with
seed trees in red pine-dominated stands to achieve diverse silivi-
cultural goals and objectives (Lloyd, 2006; OMNR, 1998, 2004,
2010, 2013a). Shelterwood in white pine stands consisted of a ser-
ies of up to 4 cuts at �20 year intervals, increasingly and uniformly
thinning out the stand with each cut, but providing a seed source
and maintaining optimum light levels (i.e., 40–50% direct sunlight)
for white pine regeneration below; after the final cut a new young
stand of pine was left to grow to a point where the cycle could be
repeated (OMNR, 1998). Clearcut with seed trees in red pine stands
consisted of removing all mature trees except seed-producing red
pines spaced uniformly as close as tree-length apart, but providing
nearly full sun for optimum red pine regeneration below (OMNR,
1998).

2.2. Sampling points

We surveyed Eastern Whip-poor-wills at 37 points placed at
least 750 m apart along 4 roadside routes throughout the study
area in June 2013 (Fig. 1). Routes were as far apart as possible given
availability of navigable roadways, and were part of a larger net-
work of randomly-placed Eastern Whip-poor-will sampling points
throughout southern Ontario (Bird Studies Canada, 2013). We lim-
ited our analysis to data from 4 routes located within the eastern
portion of Algonquin Park because we were able to acquire
harvesting information since 1970 for this area.

2.3. Whip-poor-will surveys

Surveys occurred 0.5 h after sunset and 0.5 h before sunrise
between 17 June and 30 June 2013. Conditions were calm
(wind < 11 km/h) with no precipitation and little cloud cover, such
that the moon was always visible and > 60% illuminated to maxi-
mize detection probability (Mills, 1986). We conducted two 3-
min point counts at least 7 days apart at each point. One of us
(H. K.) conducted all of the surveys. The survey protocol is
described in more detail in Bird Studies Canada (2013).

2.4. Analyses

Harvesting was characterized within 500 m buffers around each
point using a geographic information system. We selected for



Fig. 1. Distribution of sampling points (n = 37 points) showing 500-m radius circles where Eastern Whip-poor-wills were detected (present; n = 12 points) or were not
detected (absent; n = 25 points) on moonlit nights along roadside routes in eastern Algonquin Provincial Park, Ontario, Canada, June 2013. The maximum number (1, 2, or 3)
of Eastern Whip-poor-wills detected on one or the other of two survey visits is shown for points where birds were detected. Also shown are areas logged with clearcut with
seed trees (clearcuts) and uniform shelterwood (shelterwood cuts) since 1970.
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analysis 37 points with largely non-overlapping buffers (Fig. 1)
where we had access to spatial harvesting information since
1970. Harvesting data prior to 1970 were unavailable.

The response variable was the presence or absence of Eastern
Whip-poor-wills within 500 m of each survey point (hereafter ‘‘site
occupancy’’). We used single-season site occupancy models
to simultaneously evaluate variables affecting detection probabil-
ity via a detection sub-model and site occupancy via an occu-
pancy sub-model (MacKenzie et al., 2002), and an information
theoretic approach via Akaike’s information criterion (AIC) to
select best approximating models among sets of candidate models
(Burnham and Anderson, 2002). We tested the fit of our global
model with a parametric bootstrap and associated v2 statistic to
ensure that our explanatory variables as a group reliably predicted
the response variable; P-values >0.05 indicated adequate fit (Fiske
and Chandler, 2014).

We considered two explanatory variables that might explain
site occupancy: proportion of the landscape within 500 m of each
point that was harvested with shelterwood since 1970 (hereafter
‘‘% shelterwood’’) and presence of clearcuts within 500 m of each
point that were harvested 6 16 years prior to our study (i.e.,
harvested in 1997 or after; hereafter ‘‘presence of young clear-
cuts’’). We chose 16 years since harvest as a cut-off for clearcuts
because a previous study suggested that Eastern Whip-poor-wills
were less common in clearcuts older than 17 years since harvest
(Wilson and Watts, 2008). We chose presence of clearcuts rather
than proportion of clearcuts in the buffer because 15 of 37 (41%)
points had no clearcuts in the buffer, and where clearcuts were
present in the buffer, there was limited variation in the proportion
(median = 12%; first, third quartile = 3, 20%). Similarly, we chose
proportion of shelterwood rather than presence of shelterwood
in the buffer because shelterwood cutting was present in the buf-
fers of all but one of the points. Thus, we felt that variation in hab-
itat conditions across points was better described using presence
for clearcuts and proportions for shelterwood.

We also considered % shelterwood and presence of young clear-
cuts as variables that might explain detection probability. We did
not consider wind (range: 0–11 km/h), date (17–30 June), temper-
ature (7–22 �C), noise level (slight-moderate; Bird Studies Canada,
2013), moon illumination (>60%), or cloud cover (0–50%) because
there was not enough meaningful variation in these variables to
influence detection probability due to our strict field survey crite-
ria described above.

We evaluated a total of 9 models, which included various
combinations of % shelterwood and presence of young clearcuts
in the detection and occupancy sub-models. Given that our sample
size was 37, we limited the number of variables in each model,
such that the total number of estimated parameters was 6 4
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(Burnham and Anderson, 2002). Consideration of models with lar-
ger numbers of estimated parameters might have led to over-fit-
ting and weak inferences. Because of this limitation, we were
unable to evaluate a full global model that included all of the
detection and occupancy probability covariates that we consid-
ered. Instead, we selected one of the most highly-parameterized
models in our set as our global model, which we identify in Table 1.

We considered models with AICc values within seven of the
best model (lowest AICc value) to have support, i.e., models with
DAICc < 7.0 were considered important (Burnham et al., 2011).

We used model-averaged parameter estimates and uncondi-
tional standard errors to address model-selection uncertainty
(Burnham and Anderson, 2002). To assess support for our predic-
tions we examined model-averaged parameter estimates and asso-
ciated confidence limits for each explanatory variable included in
the supported set of models; variables with 85% confidence limits
that did not overlap zero were considered important (Arnold,
2010). We predicted site occupancy with associated 95% confi-
dence intervals as a function of each important explanatory vari-
able using the best model that included the variable.

We generated box-and-whisker plots summarizing the area and
years since harvest of clearcuts of any age within 500 m of points
where Eastern Whip-poor-wills were detected compared to clear-
cuts within 500 m of points where Eastern Whip-poor-wills were
not detected. We tested the statistical significance of the differ-
ences in these metrics using independent two-sample t-tests. We
also translated the total area of clearcuts within 500 m of points
where Eastern Whip-poor-wills were detected to ha of clearcuts
per 100 ha of forest. Area and years since harvest of clearcuts were
not considered as explanatory variables in our occupancy models
described above, because their inclusion resulted in numerous zero
values for points lacking clearcuts and because we limited the
number of covariates in models due to sample size constraints.
Nonetheless, we included this information to assist forest manag-
ers in the field.

All analyses were conducted using the R programming language
(R Development Core Team, 2013); models were fitted using pack-
age unmarked (Fiske et al., 2014) and model-averaged estimates
and AICc tables were generated using package AICcmodavg
(Mazerolle, 2013).

3. Results

We detected Eastern Whip-poor-wills at 12 of 37 (32%) sam-
pling points (Fig. 1), with an overall mean relative abundance of
0.6 ± 0.2 (mean ± 95% confidence intervals) individuals per point
(range: 0–3 individuals per point). Using the best model described
Table 1
Model selection results for 9 candidate models explaining detection probability and
site occupancy of Eastern Whip-poor-wills during surveys on moonlit nights along
roadside routes in eastern Algonquin Provincial Park, Ontario, Canada, June 2013.
K = number of parameters; LL = log likelihood; AICc = Akaike’s information criterion;
w = Akaike weight.

Modela K LL AICc DAICc w

p(�) w(CC) 3 �33.4 73.5 0 0.36
p(CC) w(�) 3 �33.8 74.3 0.9 0.23
p(CC) w(CC) 4 �33.3 75.8 2.3 0.11
p(�) w(CC + SH)b 4 �33.3 75.9 2.4 0.11
p(CC + SH) w(�) 4 �33.8 76.8 3.4 0.07
p(�) w(�) 2 �36.5 77.3 3.9 0.05
p(�) w(SH) 3 �35.5 77.7 4.2 0.04
p(SH) w(�) 3 �36.3 79.4 6 0.02
p(SH) w(SH) 4 �35.2 79.7 6.2 0.02

a p = probability of detection; w = probability of occupancy; CC = presence of
<16 year-old clearcuts within 500 m; SH = % shelterwood within 500 m.

b Global model, see methods—analysis for details.
in further detail below, the probability of detecting an Eastern
Whip-poor-will during a single 3-min point count at an occupied
sampling point was 50% (±15% SE). Young clearcuts were present
at 14 sampling points and absent at 23. Median % shelterwood
across the 37 sampling points was 51 (inter-quartile range: 46;
range: 0–100).

The global model fit the data adequately (P = 0.1, Table 1), with
support for all of the models (all DAICc < 6.2 and w > 0.02; Table 1).
Confidence limits around model-averaged parameter estimates
from the detection probability sub-model included zero for %
shelterwood and presence of young clearcuts (Table 2), suggesting
that these variables were unimportant for explaining detection
probability. By contrast, confidence limits around model-averaged
parameter estimates from the occupancy sub-model included zero
only for % shelterwood, suggesting that presence of young clear-
cuts was the only important variable explaining site occupancy
(Table 2).

Using the best model, which included only presence of young
clearcuts in the occupancy sub-model, site occupancy increased
by 3.3 times from 0.23 at points where young clearcuts were
absent to 0.76 at points where young clearcuts were present
(Fig. 2). However, a model that included only presence of young
clearcuts in the detection sub-model and a model that included
only presence of young clearcuts in both the detection and occu-
pancy sub-models were also highly ranked (DAICc < 2.3 and
w > 0.11; Table 1), suggesting that presence of young clearcuts in
the detection sub-model might also be important, even though
the model-averaged parameter estimate overlapped zero, albeit
only slightly (Table 2). Thus, we also calculated occupancy as a
function of presence of young clearcuts using the third-best model,
which included presence of young clearcuts in both the detection
and occupancy sub-models, but we obtained predictions and asso-
ciated errors that were nearly identical to those presented above
using the best model, so we used the results from the best and sim-
pler model for inference (Fig. 2).

Clearcuts of any age were present within 500 m at 10 of 12
(83%) points where Eastern Whip-poor-wills were detected. By
contrast, clearcuts of any age were present at only 12 of 25 (48%)
points where Eastern Whip-poor-wills were not detected. Twenty
clearcuts within 500 m of points where Eastern Whip-poor-wills
were detected were significantly larger by 14 ha, on average, than
30 clearcuts within 500 m of points where Eastern Whip-poor-
wills were not detected (t = 2.2, df = 48, P = 0.02; Fig. 3). By con-
trast, there was no significant difference in the number of years
since harvest between clearcuts within 500 m of points where
Eastern Whip-poor-wills were detected compared to clearcuts
within 500 m of points where Eastern Whip-poor-wills were not
detected (t = 1.2, df = 48, P = 0.26; Fig. 3).

There was the equivalent of an aggregated total of 12 ± 9 ha
(mean ± 95% CIs) of clearcuts per 100 ha (inter-quartile range:
1.5–18 ha) of forest surrounding sampling points where Eastern
Table 2
Model-averaged parameter estimates (Est.; logit scale), associated 85% confidence
limits (85% CIs), and relative importance values calculated as cumulative Akaike
weights (Rw) for variables used to model detection probability and site occupancy of
Eastern Whip-poor-wills during surveys on moonlit nights along roadside routes in
eastern Algonquin Provincial Park, Ontario, Canada, June 2013.

Variable Detection probability Site occupancy

85% CLs 85% CLs
Est. (lower, upper) Rw Est. (lower, upper) Rw

SHa 0.00 �0.03, 0.03 0.11 0.02 �0.03, 0.03 0.17
CCa 1.56 �0.09, 3.21 0.41 2.26 0.30, 4.22 0.58
Intercept �0.39 �2.15, 1.38 – �0.86 �2.43, 0.72 –

a CC = presence of <16 year-old clearcuts within 500 m; SH = % shelterwood
within 500 m.



Fig. 2. Site occupancy of Eastern Whip-poor-wills within 500 m of sampling points
on moonlit nights along roadside routes in eastern Algonquin Provincial Park,
Ontario, Canada, June 2013, as a function of the presence of young (<16 year-old)
clearcuts. Shown are predictions from the best model that included presence of
young clearcuts. Error bars are 95% confidence intervals.

Fig. 3. Size and age of clearcuts within 500 m of sampling points where Eastern
Whip-poor-wills were detected (n = 20 clearcuts surrounding 12 points), or were
not detected (n = 30 clearcuts surrounding 25 points), during surveys on moonlit
nights along roadside routes in eastern Algonquin Provincial Park, Ontario, Canada,
June 2013. Shown are box-and-whisker plots, whiskers indicating the range.
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Whip-poor-wills were detected. These clearcuts were composed of
various sizes (27 ± 13 ha [mean ± 95% CIs]) and ages (14 ± 4 years
since harvest).
4. Discussion

We found that occurrence of Eastern Whip-poor-wills increased
by 3.3 times where young clearcuts were present. Others have also
found that occurrence of breeding Eastern Whip-poor-wills
increases with increasing amounts of human-created early-succes-
sional forested habitat in other regions and forest types (e.g., lob-
lolly pine forest in North Carolina, Wilson and Watts, 2008;
mixed white and pitch [Pinus rigida] pine-oak [Quercus] forest in
New Hampshire; Hunt, 2013). These results may not be surprising
considering that foraging Eastern Whip-poor-wills are suspected to
benefit from back-lit conditions created by moonlight (Mills,
1986). It is possible that insects, such as large moths and beetles,
which are preferred prey, are more easily located during sit-and-
wait foraging under these conditions (Mills, 1986). Presumably this
was also the case in this study, where canopy openings created by
clearcut with seed trees may have created superior back-lit forag-
ing conditions on moonlit nights relative to closed-canopy forests
(see also Wilson and Watts, 2008).
Superior foraging conditions in open areas with associated
backlighting may also partly explain higher occupancy and abun-
dance of other Caprimulgids in various open anthropogenic habi-
tats. For example, high numbers of Common Nighthawks
(Chordeiles minor) feeding over urban areas (Brigham et al.,
2011), particularly where insects are attracted to and illuminated
by street lights (e.g., Shields and Bildstein, 1979), and various
South American species feeding over road corridors and clearings
above dwellings amongst dense closed-canopy forests (Ingels
et al., 1999). Regardless of the mechanism, our results suggest that
clearcut with seed trees in red pine-dominated stands increases
occupancy of breeding Eastern Whip-poor-wills in pine-dominated
forests in central Ontario.

We measured occupancy of singing Eastern Whip-poor-wills.
Due to challenging logistics, we were unable to collect data on
more direct measures of habitat quality, such as productivity and
survivorship. Measuring productivity of Eastern Whip-poor-wills
requires fitting birds with radio-transmitters, to locate nests that
are almost impossible to find due to camouflaging by incubating
or brooding adults. Measuring survivorship requires uniquely
color-marking captured individuals for recapture in subsequent
years. Both of these techniques are time consuming and relatively
expensive. For example, two studies captured and attached
transmitters to 8 and 15 Eastern Whip-poor-wills, respectively,
over 5 collective field seasons, impressive totals considering the
logistics involved, but illustrative of the challenges preventing
necessary sample sizes for studies such as ours (Garlapow, 2007;
Hunt, 2013). In most cases, however, occupancy is a reliable mea-
sure of breeding habitat quality, an assumption that is probably
also true in this study (Bock and Jones, 2004). Nonetheless,
information on productivity and survivorship of Eastern Whip-
poor-wills from territories associated with clearcut and shelter-
wood harvesting versus territories unassociated with these types
of harvesting would be beneficial, and is an area for future
research.

As with most early-successional forest breeding bird species,
Eastern Whip-poor-wills were more abundant in central Ontario
following European settlement than they are now (e.g., Tozer,
2012). Extensive open areas, which provided high-quality foraging
habitat, were created by fires ignited by humans and lightning
(e.g., Tozer and Strickland, 2012). For instance, in an area immedi-
ately southwest of our study area, observers described the Eastern
Whip-poor-will as ‘‘locally abundant’’ in 1908 (Cooper, 1917) and
as ‘‘the one bird that best typifies the [area]’’ during the late-
1930s (Miller, 1962). Miller, (1962) even commented that while
camping in the area ‘‘[the reoccurring noise each night from
close-calling birds] grew so irritating that I used to step out [of
our tent] and fling stove wood at [them]. . .’’. This is remarkable
considering that Eastern Whip-poor-wills, which are now desig-
nated as threatened in Ontario (OMNR, 2013b), have been com-
pletely absent as breeders from the area of Miller’s description
since the early-1990s (Tozer, 2012).

Since the 1920s, there has been increasingly effective fire sup-
pression and gradual disappearance of suitable clearings for forag-
ing Eastern Whip-poor-wills (Tozer and Strickland, 2012). There
has also been a parallel decline in Eastern Whip-poor-will numbers
during the same time period. For instance, the average annual
amount of burned land in Algonquin Park where our study took
place decreased from 6500 ha during the 1920s and 1930s, to
500 ha between the 1940s and 1970s, to only 25 ha since 1980
(Runge, 1976; Cumming, 2005; summarized in Williams, 2009).
Consistent with the reduction in fire-created openings, the number
of 10 � 10 km breeding bird atlas squares occupied by breeding
Eastern Whip-poor-wills in Algonquin Park declined from 20 out
of 70 (29%) in the early 1980s to 9 out of 70 (13%) in the early
2000s (Tozer, 2012).
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The point follows, however, that Eastern Whip-poor-will popu-
lations may currently be returning to levels closer to those found
prior to European settlement, implying that clearcut with seed
trees as a means to maintain open foraging habitat in the absence
of fire may not be important. However, despite the challenges with
estimating historical landscape patterns, the current amount of
suitable Eastern Whip-poor-will foraging habitat in central Ontario
may be less than that found prior to settlement. For example, the
amount of suitable Eastern Whip-poor-will foraging habitat in
Algonquin Park may be �36% less than the lower end of the best
estimate of the range of natural variation (amounting to a shortage
of at least �8000 ha based on the ‘‘pre-sapling’’ class for the
‘‘young’’ forest indicator in Ontario’s Landscape Tool; Elkie et al.,
2013). Therefore, clearcut with seed trees in red pine-dominated
stands may provide habitat to support populations of Eastern
Whip-poor-wills at levels more consistent with those found
historically.
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