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ABSTRACT American woodcock (Scolopax minor; hereafter woodcock) habitat use or selection has been studied exten-
sively since the mid-1960s; most such studies, however, have taken place when and where young forest habitat selected
by woodcock was relatively common. Woodcock population declines have been mostly attributed to loss of young forest
vegetation types throughout the species’ range. Thus, understanding woodcock habitat selection and the benefits of hab-
itat management in areas where young forests are rare is important in conserving woodcock and other wildlife that uses
young forest. We conducted studies of male radio-tagged woodcock in Rhode Island, USA, when and where the extent of
upland young forests in non-coastal areas comprised only 1.4% of the land area and was decreasing by >1.5% per year. We
determined habitat selection of woodcock, then used the derived resource selection function to assess potential benefits
of certain forest management scenarios for male woodcock and non-target birds. Landscapes comprising deciduous wet-
land forests, wetland young forests with nearby agricultural openings, or patches of upland young forest received relatively
high use by woodcock. After integrating habitat management scenarios into GIS, our derived resource selection function
suggested that creating fewer, larger patches of upland young forest and herbaceous forest openings may be less benefi-
cial than creating more smaller patches. Openings with early-successional forest were an important component of wood-
cock habitat because they provided safe nighttime roost sites where mammalian predators were less active. These openings
also provided habitat for a more diverse bird assemblage than unmanaged forests. Active habitat management is required
to conserve woodcock populations in many landscapes, and managers should highlight the benefits of woodcock habitat
management for non-target wildlife.
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The American woodcock (Scolopax minor; hereafter wood-  of the United States and eastern Canada. Hunters spent
cock) is a popular game bird in eastern and central regions ~ ~399,700 days afield and killed ~200,200 woodcock during
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the 2015-2016 season (Seamans and Rau 2016). Woodcock
populations throughout the species range have declined
since the late 1960s, and this does not appear to be related
to hunting mortality (McAuley et al. 2005, Seamans and
Rau 2016). Given that woodcock hunting mortality under
current regulations is likely compensatory in nature, popu-
lation declines are likely caused by habitat loss and reduced
habitat quality (Sauer and Bortner 1991, Dessecker and
McAuley 2001, McAuley et al. 2005).

Woodcock habitat use and selection has been studied
extensively since the mid 1960s. On breeding grounds, and
depending on activity and time of day, woodcock gener-
ally use a variety of early successional cover types, includ-
ing herb-dominated forest openings, abandoned hay-
fields, recent clearcuts, and regenerating stands of young
forest (Sheldon 1967, Wishart and Bider 1976, Gutzwiller
et al. 1983, McAuley et al. 1996, Dessecker and McAuley
2001). Forest openings provide breeding sites (i.e., sing-
ing grounds) during springtime crepuscular periods and
roosting sites during summer nights, whereas dense stands
of young forest, generally <30 years old, provide nesting
sites for females and daytime feeding sites for all age-sex
classes (Kelley et al. 2008). Woodcock routinely commute
on a given day between dense stands of young forest and
more sparsely vegetated forest openings at dusk and dawn
(Sheldon 1961, Owen and Morgan 1975, Masse et al. 2013).
As a result, they spend most of their time during the breed-
ing season in daytime feeding coverts, and these dense
vegetation types are important for providing access to
food and protection from diurnal predators (Keppie and
Whiting 1994, Dessecker and McAuley 2001).

Most studies of woodcock habitat use during the breed-
ing season occurred in earlier times (e.g., 1960s-1990s) or
in areas (e.g., Maine, central Massachusetts, and Penn-
sylvania, USA; Quebec, Canada) when and where young
forests were relatively common (e.g., Sheldon 1967, Wis-
hart and Bider 1976, Hudgins et al. 1985, McAuley et
al. 1996). During the 1950s-1990s, the extent of young
forest declined across the northeastern and most of the
north-central United States, but seedling-sapling tim-
berland still comprised roughly 15-30% of forest cover
towards the end of this period (Trani et al. 2001). How-
ever, the extent of young forest has continued to decline in
most areas, and this vegetation type is rare in some regions
of the woodcock breeding range. In Rhode Island, USA,
shrubland or young forest vegetation types comprised
only 3.3% of the land area during 2008 (Buffum et al. 2011).
Importantly, these vegetation types covered only 1.4% of
non-coastal uplands, sites where woodcock habitat man-
agement is most feasible, and their extent was decreasing
by 21.5% per year (Buffum et al. 2011).

Because young forests have become less common on
many landscapes, it is important to understand woodcock
habitat use and the benefits of woodcock habitat man-

169

agement under current conditions. This is true for man-
agers in areas where young forest initiatives are planned
or occurring; increasing the extent of these young forest
vegetation types can help conserve woodcock and other
wildlife. Herein we describe key findings from recent
woodcock studies that we conducted in Rhode Island,
and discuss their implications for habitat management.
Our specific objectives were to: 1) illustrate the use of a
resource selection function we developed for demonstrat-
ing responses of woodcock to different habitat manage-
ment scenarios in areas where young forest is rare, and 2)
highlight specific benefits of woodcock habitat manage-
ment practices for woodcock and non-target birds.

Study Area

We conducted our studies at Arcadia, Big River, and Great
Swamp Wildlife Management Areas (WMAs) in Kent
and Washington counties, Rhode Island. Arcadia WMA
was the largest (ca. 6,200 ha) followed by Big River (ca.
3,300 ha) and Great Swamp WMAs (ca. 1,500 ha). All
3 WMAs were forest-dominated, but relative amounts of
dominant forest cover types differed among sites. Upland
forest (coniferous, deciduous, and mixed) was co-dom-
inant at Arcadia WMA, whereas coniferous upland for-
est was dominant at Big River WMA and wetland forest
was dominant at Great Swamp WMA. Eastern white
pine (Pinus strobus) comprised the majority of conifer-
ous upland forests; various oaks (Quercus spp.), hickories
(Carya spp.), and red maple (Acer rubrum) dominated
deciduous upland forests; and red maple swamps were
the most abundant wetland forest type (Enser and Lund-
gren 2006).

From 1995-2006, the Rhode Island Department of
Environmental Management began creating scattered
patches (2-5 ha each) of young forest at each WMA to
help conserve woodcock and other young forest wildlife.
Sections of older, secondary forest were generally clearcut,
resulting in young forest patches typically dominated by
coppice growth. More consistent and concentrated young
forest management began at Great Swamp WMA during
2007, and that site was designated a Woodcock Habitat
Demonstration Area in 2008 (Buffum et al., this volume).
Young forest was rare at Arcadia and Big River WMAs
(1-2% of total area), but more common at Great Swamp
WMA (15%) given more frequent clearcutting at that site.
Abandoned meadows and agricultural fields were also rare
and widely scattered at each site.

Methods

WOODCOCK RESOURCE SELECTION

During April-May, 2011-2012, we captured 92 male wood-
cock on singing grounds using mist-nets and attached a
Model As400 transmitter (Advanced Telemetry Systems,
Isanti, MN) to each bird following McAuley et al. (1993).
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We released all woodcock immediately after marking.
Approximately 1 week after release, we tracked tagged
woodcock via homing up to 4 times per week between
23 May-25 August and marked locations of tagged wood-
cock once per day (0600-1900 EST) using a Garmin eTrex
GPS unit (Garmin Ltd., Canton of Schafthausen, Swit-
zerland). We included in our analyses 52 individuals with
>25 locations throughout the summer monitoring period:
27 males during 2011 and 25 males during 2012.

We used kernel density methods (Worton 1989) to
determine the summer home range (95% contour) and
core-use area (50% contour) of each bird. We estimated
available and used habitat (design I study, sampling proto-
col A; Manly et al. 2002) at each management area by cre-
ating a single composite home range for all tagged wood-
cock and placing a minimum convex polygon (Mohr 1947)
around this, and creating a single composite core-use area
for all tagged woodcock, respectively (Masse et al. 2014).
We used ArcGIS 10.1 (Environmental Systems Research
Institute 2012) to clip areas of available and used habitat
by forest boundaries and converted these areas into raster
grids (10 m” pixels). As described in Masse et al. (2014), we
generated raster grids for elevation (m), slope (%), forest
cover type, and distance (m) to nearest stream, agricul-
tural opening, upland young forest, and moist soil. We ran-
domly selected 10% of available (n = 40,090) and used (n =
3,047) pixels and extracted raster grid values from these.

We used logistic regression to estimate coeflicients for
the exponential resource selection function (RSF; [w(x)
= exp(Buy + .- + PByxp)]; Manly et al. 2002) based on avail-
able and used habitat (Johnson et al. 2006). We ranked
15 candidate models using Akaike’s Information Criterion
(Anderson et al. 2000) and used the best-supported model
to map (Raster Calculator; ArcGIS 10.1) relative probabil-
ity of use by male woodcock across a 400-ha case study
area at Arcadia WMA (see Masse et al. 2014). We defined
categories of relative probability of use (low < 0.2446;
low-moderate = 0.2447-0.3355; moderate = 0.3356-0.5802;
moderate-high = 0.5803-1.2381; and high > 1.2382) using
geometrical interval classification (ArcGIS 10.1) and
assessed the proportionality of our RSF to true probability
of use following Johnson et al. (2006). We retained coef-
ficients for upland and wetland forest cover types in our
best-supported RSF model regardless of statistical signifi-
cance because these forest types have been shown in pre-
vious studies to be used differentially for daytime coverts
(Sheldon 1967, Keppie and Whiting 1994), and because
retaining these cover types during modeling of hypothet-
ical management scenarios facilitated illustrating relative
differences in probability of use by woodcock across all
forest cover types in the case study area. We then simu-
lated 3 hypothetical forest management scenarios on the
study area and observed how relative probability of use by
woodcock changed. Scenario 1 involved creating 7 patches
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of young forest (2-10 ha each) and 3 herb-dominated for-
est openings (2-6 ha each) on 10% (i.e., 40 ha) of the case
study area (Masse et al. 2014). We compared this Scenario
1 to 2 other scenarios not previously considered in Masse
et al. (2014). For Scenario 2, we simulated the same level
of management, but in fewer, larger patches: 2 patches of
young forest (ca. 15 ha each) and 1 10-ha herbaceous for-
est opening. Scenario 3 involved simulating a higher level
of management on the case study area (i.e., 60 ha or 15%)
by creating 10 patches of young forest (2-10 ha each) and
5 herbaceous forest openings (2—6 ha each).

WHY WOODCOCK COMMUTE

From 1 July - 20 August 2011 - 2012, we simultaneously
monitored nighttime (2030 - 0240 EST) locations for a
subset of our marked woodcock. Because we were inter-
ested in determining factors that influenced woodcock
commuting behavior between diurnal coverts and noctur-
nal roosts, we only included individuals that we detected
moving between these sites. We acknowledge that some
individuals may not move between diurnal coverts and
nocturnal roosts, and that areas these individuals select
may be particularly important. However, we did not know
if individuals never moved between sites or simply did not
move between sites during nights we monitored. Thus,
including only the woodcock we were certain had moved
provided the strongest test of the commuting hypotheses.
We flushed each woodcock once from its nocturnal roost,
and once from its diurnal covert on the following day, to
mark exact sites where woodcock were located. After flush-
ing, we immediately dug 5 90o-cm” soil pits to 10-cm deep
around each flush site (Masse et al. 2013). We sealed soil
pit contents from nocturnal roosts in plastic bags over-
night and collected soil macroinvertebrates via hand sort-
ing the following day, whereas we immediately collected
soil macroinvertebrates from soil pits dug at diurnal
coverts. We also monitored mammalian predator activity
at nocturnal roosts and diurnal coverts during 2011 and
2012 using baited track stations (Linhart and Knowlton
1975) and camera traps (Gompper et al. 2006), respec-
tively (Masse et al. 2013). For each tagged woodcock’s loca-
tions, we simultaneously monitored sites for evidence of
mammalian predator activity for a 10-day (2011) or 14-day
period (2012).

We quantified food availability at nocturnal roosts and
diurnal coverts for 38 woodcock (2011: n = 17; 2012: n = 21).
We calculated earthworm (Haplotaxida) mass (g), density
(no./m?) of potential prey, and species richness and diver-
sity (Jost 2006) of potential prey at nocturnal roosts and
diurnal coverts, and compared these using paired t-tests
or Wilcoxon signed-rank tests (Ott and Longnecker 2010).
To maintain our paired design and promote independence
of observations, we quantified predator activity at noc-
turnal roosts and diurnal coverts for 11 woodcock during
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2011 and 12 woodcock during 2012 (see Masse et al. 2013).
During 2011, we counted the number of nights (out of 10)
that a mammalian predator visited a woodcock’s noctur-
nal roost or diurnal covert and compared these counts
using log-linear regression (Agresti 2007, Pedan 2011) with
woodcock frequency as a random effect. During 2012, we
used paired t-tests to compare the number of days until
any predator (mammalian or avian) visited a woodcock’s
nocturnal roost or diurnal covert.

BENEFITS OF WOODCOCK HABITAT

MANAGEMENT FOR NON-TARGET BIRDS

Each spring, we marked locations of singing grounds using
a Garmin eTrex GPS unit and quantified the relative abun-
dance and diversity of non-target birds associated with
these sites using standard (i.e., 10-min, 50-m radius) point
count surveys (Ralph et al. 1993) from 27 May - 2 July. We
limited point counts to woodcock singing grounds—as
opposed to randomly selected patches of young forest—
because singing grounds are critical components of wood-
cock habitat (Dessecker and McAuley 2001) and we were
certain woodcock were using these exact sites. Thus, this
provided a sound study design for assessing the potential
of woodcock to serve as an umbrella species. During 2011,
we surveyed a random subset of 9 singing grounds at Arca-
dia and Great Swamp WMAs that were >200 m from other
singing grounds, and during 2012-2013 we surveyed a ran-
dom subset of 10 singing grounds at each of the 3 WMAs
(Masse et al. 2015). We also generated a random sample
of 10 locations in unmanaged forest (i.e., 60-100 year-
old second-growth) at each WMA and conducted identi-
cal point counts at these sites each year. We counted the
total number of birds and calculated bird diversity (Jost
2006) at each singing ground and random forest site, and

compared these using a linear mixed model (see Masse et
al. 2015). We also calculated relative abundances for the
3 most common species at each type of site to highlight dif-
ferences in the composition of bird assemblages.

Results

Our highest-ranked RSF indicated that probability of use
by male woodcock increased in deciduous wetland forest
(B = 0.68390, SE = 0.06688, z = 10.225, P < 0.01), wetland
young forest (B = 0.39340, SE = 0.09719, z = 4.048, P <
0.01), and mixed wetland forest (p = 0.19930, SE = 0.09273,
z =2.149, P = 0.03), and marginally so in deciduous upland
forest (B = 0.09060, SE = 0.05612, z = 1.614, P = 0.11), com-
pared to mixed upland forest [(reference cover type; see
Masse et al. (2014) for a more complete description of
the RSF]. Increased elevation (f = 0.00210, SE = 0.00076,
z =2.781, P < 0.01) led to increased probability of use by
woodcock. Probability of use by woodcock decreased in
coniferous upland forest ( = -0.31110, SE = 0.06277, z =
-4.956, P < 0.01) and upland young forest (f = -0.22690, SE
= 0.13770, Z = -1.648, P = 0.10), and was not influenced by
coniferous wetland forest (B = -0.02730, SE = 0.16460, z =
-0.166, P = 0.87) compared to mixed upland forest. In addi-
tion, probability of use by woodcock decreased on higher
slopes (p = -0.01870, SE = 0.00354, z = -5.295, P < 0.01) and
at greater distances to the nearest agricultural opening (p =
-0.00162, SE = 0.00008, z = -20.718, P < 0.01), moist soil (B
= -0.00117, SE = 0.00024, z = -4.954, P < 0.01), stream (3
=-0.00080, SE = 0.00011, z = -7.508, P < 0.01), and upland
young forest (p = -0.00025, SE = 0.00006, z = -4.460, P <
0.01). Management Scenario 1 reduced the extent of low
probability of use by 92 ha, whereas we observed simul-
taneous increases in the extents of low-moderate (+26 ha),
moderate (+38 ha), and moderate-high (+16 ha) probabil-

Table 1. Forest area (ha) in each category of relative probability of use [P(use)] by male American woodcock before and
after implementation of 3 possible habitat management scenarios simulated using a Resource Selection Function devel-
oped for woodcock (Masse et al. 2014) in Rhode Island, USA. Change in forest area (A) illustrates how probability of
use changed in response to each forest management scenario (i.e., A = after - before). Management Scenario 1 involved
managing 40 ha (10% of study area in southwestern Rhode Island) by creating 7 patches of young forest (2—10 ha each)
and 3 herbaceous forest openings (2—6 ha each). Scenario 2 involved the same amount of management (i.e., 40 ha), but
in fewer, larger patches of young forest (n = 2; 15 ha each) and 1 herbaceous forest opening (10 ha). Scenario 3 involved
managing 60 ha (15% of case study area) by creating 10 patches of young forest (2-10 ha each) and 5 herbaceous forest

openings (2-6 ha each).

Management Scenario 1

Management Scenario 2

Management Scenario 3

P(use) Before After A Before After A Before After A
Low 210 118 -92 210 196 -14 210 120 -90
Low-moderate 77 103 26 77 78 1 77 106 29
Moderate 77 115 38 77 81 4 77 111 34
Moderate-high 22 38 16 22 26 4 22 37 15
High 3 5 2 3 4 1 3 5 2
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Figure 1. Probability of use by male woodcock of
forested land in a 400-ha case study area in Arcadia
Wildlife Management Area in southwestern Rhode
Island, USA, that is considered for forest manage-
ment (A). The hypothetical forest management sce-
nario considered for this site (B) included creating
30 ha of upland young forest (7 patches; 2-10 ha
each) and 10 ha of herbaceous forest openings (e.g.,
wildlife openings or old fields; 3 patches; 2—6 ha
each) in areas of older second-growth upland forest
(e.g., 60-100 years) deemed most beneficial for
woodcock habitat management. Following manage-
ment (C), the estimated extent of low relative use
by woodcock of the managed forest decreased by
92 ha whereas the estimated extents of low-moderate,
moderate, and moderate-high relative use increased
by 26 ha, 38 ha, and 16 ha, respectively. White areas
represent non-forested cover types in panels A and
C, and represent these cover types along with cover
types other than older second-growth upland forest
in panel B. Reprinted from Masse et al. (2014) with
permission from Elsevier.

ities of use (Fig. 1). Scenario 2 reduced the extent of low
probability of use from 210 ha to 196 ha. All other catego-
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Figure 2. Probability of use by male woodcock of
forested land in a 400-ha case study area in Arca-

dia Wildlife Management Area in southwestern
Rhode Island, USA, that is considered for forest
management (A). The hypothetical forest manage-
ment scenario considered for this site (B) included
creating 30 ha of upland young forest (2 patches;

15 ha each) and one 10-ha herbaceous forest opening
(e.g., wildlife opening or old field) in areas of older
second-growth upland forest (e.g., 60-100 years)
deemed most beneficial for woodcock habitat man-
agement. Following management (C), the estimated
extent of low relative use by woodcock of the man-
aged forest decreased by 14 ha. The estimated extents
of low-moderate, moderate, and moderate-high
relative use increased by <4 ha. White areas represent
non-forested cover types in panels A and C, and rep-
resent these cover types along with cover types other
than older second-growth upland forest in panel B.

ries of use increased by <4 ha (Fig. 2; Table 1). In contrast,
Scenario 3 reduced the area of low probability of use from
210 ha to 120 ha and increased the areas of low-moderate
(+29 ha), moderate (+34 ha), and moderate-high (+15 ha)
probabilities of use (Fig. 3).
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Average earthworm density (no./m*) was consistently
greater at male woodcock diurnal coverts (2011 = 30.59;
2012 = 15.66) than nocturnal roosts (2011 = 9.93, t,; = 2.14,
P = 0.02; 2012 = 4.23, t,, = 2.52, P = 0.01). Likewise, the
average difference in earthworm fresh mass between
diurnal coverts and nocturnal roosts was approximately
10 grams during 2011(t,¢ = 2.10, P = 0.03) and 2012 (¢,,
3.25, P < 0.01). The average difference in earthworm dry
mass between sites was approximately 3 g during 2011
(t,s = 2.12, P = 0.03) and 2 grams during 2012 (t,, = 3.39,
P < 0.01). The combined density of potential woodcock
prey was similar at diurnal covers and nocturnal roosts
during 2011 (t,4 = 1.14, P = 0.27) and 2012 (V =102, P =
0.66), whereas richness (¢, = 2.85, P = 0.01) and diversity
(t, = 2.30, P = 0.04) of woodcock prey tended to be higher
at diurnal coverts during 2011. During 2012, richness (f,,
= 1.06, P = 0.30) and diversity (t,, = 0.54, P = 0.59) of
woodcock prey were similar between sites (see Fig. 1B-C
in Masse et al. 2013). Mammalian predators visited track
stations at nocturnal roosts less often than diurnal coverts
for 8 of 11 marked woodcock during 2011 (F1, 10 = 8.11, P
= 0.02), and the number of days until initial predator visit
was longer at nocturnal roosts than diurnal coverts for 9 of
12 woodcock during 2012 (¢, = 2.02, P = 0.03).

On average, the number and diversity of birds associ-
ated with singing grounds was >1.5 times greater than that
of unmanaged forest sites at each of the WMAs (Fig. 4). At
each WMA, young forest species such as cedar waxwing
(Bombycilla cedrorum), gray catbird (Dumetella carolinen-
sis), common yellowthroat (Geothlypis trichas), and prai-
rie warbler (Setophaga discolor) were more common at
singing grounds (Fig. 1 in Masse et al. 2015). In contrast,
forest generalists (e.g., red-eyed vireo [Vireo olivaceus]) or
more mature forest species (e.g., ovenbird [Seiurus auro-
capilla]) were most common at unmanaged forest sites
during our breeding season surveys, but such species read-
ily utilize patches of young forest during the post-fledging
period (Chandler et al. 2012).

Discussion

We found that in areas where upland young forests are
rare, male woodcock tend to use forest cover types other
than upland young forests for daytime coverts. Specifi-
cally, deciduous wetland forests were favored, followed by
wetland young forests and mixed wetland forests. Conifer-
ous upland forests exerted the strongest negative effect on
probability of use by woodcock, whereas we detected no
significant effect of deciduous upland forest, upland young
forest, and coniferous wetland forest on probability of use
by woodcock. Although young upland forests typically are
regarded as an important component of woodcock habitat
(Keppie and Whiting 1994), these areas were uncommon
at our study sites and tended to be less frequently used
by male woodcock compared to some other forest types.
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We conclude that in areas where preferred young upland
forests are rare, male woodcock select among the best
remaining available vegetation types (Sepik et al. 1989),
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Figure 3. Probability of use by male woodcock of
forested land in a 400-ha case study area in Arcadia
Wildlife Management Area in southwestern Rhode
Island, USA, that is considered for forest manage-
ment (A). The hypothetical forest management
scenario considered for this site (B) included creat-
ing about 40 ha of upland young forest (10 patches;
2-10 ha each) and 20 ha of herbaceous forest open-
ings (e.g., wildlife openings or old fields; 5 patches;
2—6 ha each) in areas of older second-growth upland
forest (e.g., 60—100 years) deemed most beneficial for
woodcock habitat management. Following manage-
ment (C), the estimated extent of low relative use

by woodcock of the managed forest decreased by

90 ha whereas the estimated extents of low-moderate,
moderate, and moderate-high relative use increased
by 29 ha, 34 ha, and 15 ha, respectively. White areas
represent non-forested cover types in panels A and
C, and represent these cover types along with cover
types other than older second-growth upland forest
in panel B.
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which in our study area was wetland forests with relatively
dense understory vegetation (Masse et al. 2014). However,
because we only investigated male woodcock, and we did
not investigate demographic parameters such as survival
or reproduction, we are unable to speculate on the conse-
quences of this habitat use for woodcock populations in
southern New England.

In Rhode Island, higher shrub and sapling density, and
shorter and smaller-diameter trees, characterized decid-
uous wetland forests and wetland young forests favored
by male woodcock (Masse et al. 2014). These patterns
are similar to structural characteristics of woodcock diur-
nal coverts described in other parts of the breeding range
(Rabe 1977, Hudgins et al. 1985, Straw et al. 1986, Keppie
and Whiting 1994). Consequently, these wetland forest
types may provide woodcock with similar protective cover
from diurnal predators in areas where upland young for-
ests are rare. Indeed, older forests (e.g., >30 years) may
represent an important component of woodcock habitat if

BWoodcock singing grounds
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Figure 4. Mean number of birds (A) and diversity
of birds (B) per 50-m-radius point count location
at woodcock singing grounds and nearby random
forest sites based on 10-minute point count surveys
conducted from 27 May-2 July 2011-2013 at Arcadia
and Great Swamp Wildlife Management Areas, and
2012-2013 at Big River Wildlife Management Area,
in Kent and Washington counties, Rhode Island,
USA. Whiskers represent 95% Cls. Reprinted from
Masse et al. (2015) with permission from John
Wiley and Sons.

shrub and sapling densities are sufficiently high (William-
son 2010). Areas with moist soils also help to ensure more
consistent access to earthworms (Dessecker and McAuley
2001), and so deciduous wetland forests and young wet-
land forests in Rhode Island were likely favored by wood-
cock because these areas provided adequate food and
cover (Masse et al. 2014).

In addition to quantifying how landscape covariates
influenced probability of use by male woodcock, our RSF
was useful in predicting how probability of use might
change following forest management. This is a potentially
important application of our RSF, and of others developed
in the future, because extensive woodcock habitat manage-
ment will be required to stabilize and ultimately increase
woodcock populations (McAuley et al. 2005, Kelley et al.
2008). For example, Williamson (2008) suggested main-
taining young forest on about 27% of Rhode Island’s land
area to increase young forest bird populations to levels
observed during 1970. In contrast, Dettmers and Rosen-
berg (2000) suggested a more likely goal of managing
young forest on 10% of the land in southern New England
to conserve these species.

Across our 400-ha study area, managing 40 ha (10%)
as a series of upland young forest patches (n = 7; 2-10 ha
each) and herbaceous forest openings (n = 3; 2-6 ha each)
caused the largest change in probability of use by male
woodcock (Table 1; Fig. 1). Managing larger patches (e.g.,
210 ha each) is suggested for conserving some young for-
est wildlife (e.g., New England cottontail [Sylvilagus tran-
sitionalis]; Arbuthnot 2008), but this strategy produced
minimal change to probability of use by woodcock on
our study area (Fig. 2). Young forest birds do not exhibit
area-sensitivity with respect to survival and productivity
(Rodewald and Vitz 2005, Lehnen and Rodewald 2009),
these species are therefore adapted to exploit smaller, more
localized patches of habitat. Interestingly, our more inten-
sive management Scenario 3 (i.e., 60 ha or 15%) yielded
nearly identical changes to probability of use as our less
intensive management Scenario 1 (Table 1, Figs. 1 and
3). We acknowledge that altering the size, shape, and/or
location of managed patches may have produced differ-
ent results given the landscape and distance parameters
incorporated into our RSE. In this regard, there are end-
less combinations of patch size, shape, and conFigura-
tion that could have been simulated. The purpose of our
RSF simulation was to illustrate that these models can be
used to compare potential outcomes of competing man-
agement scenarios and work towards selecting a manage-
ment option that is relatively more beneficial in terms of
increasing the probability of use by a target species such as
woodcock. When available, RSFs can help habitat manag-
ers visualize probability of use by target wildlife to certain
management practices or scenarios. In doing so, managers
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can build support for implementing strategies that may
produce the greatest probability of use.

Our RSF indicates that converting patches of older
coniferous upland forest to young forest would benefit
woodcock because coniferous upland forests negatively
affected relative probability of use. However, coniferous
uplands may be important for woodcock during drought
years (Sepik et al. 1983), and therefore some of these areas
should remain intact. Male woodcock were more likely
to use areas closer to upland young forest patches, and
closer to agricultural openings. This explains why creating
more, smaller patches of young forest and herbaceous for-
est openings on our study area elicited a stronger positive
change to relative probability of use than creating fewer,
larger patches. We emphasize that our RSF is applicable in
helping to predict the potential consequences of woodcock
habitat management in southern New England or similar
regions or landscapes where young forests are rare and for-
ested wetlands are a component of the landscape.

Male woodcock prefer forests closer to herbaceous for-
est openings because these openings serve as safe night-
time roost sites during summer (Masse et al. 2013). Wood-
cock commuting behavior has long been known (Sheldon
1961), but specific benefits of moving between diurnal
coverts and nocturnal roosts had remained undocu-
mented. Dunford and Owen (1973) were the first to suggest
that nocturnal roost sites offered safe refuge from preda-
tors, but there had been no attempts to support or refute
this predation-risk hypothesis with field data. Our paired
study design was unique in that we were able to assess both
food availability and mammalian predation risk at the
diurnal coverts and nocturnal roosts for individuals that
chose to move between these different vegetation types.
In Rhode Island, mammalian predators were either more
abundant or more active at diurnal coverts compared to
nocturnal roosts, so moving to roost fields at night pro-
vided periods of relative safety (Masse et al. 2013). We
attempted to quantify avian predation risk by monitoring
the fate of live rock pigeons (Columba livia) placed at diur-
nal coverts and nocturnal roosts, but raptors never vis-
ited these caged birds at either site (see Masse et al. 2013).
This evidence suggests that avian predation risk at diurnal
coverts and nocturnal roosts was similar. We simultane-
ously documented more preferred foods at diurnal coverts
compared to nocturnal roosts, which supports earlier
conclusions that woodcock generally do not move to noc-
turnal roost sites to exploit feeding opportunities (Krohn
1970, Wishart and Bider 1976).

Active forest management is required to conserve popu-
lations of woodcock and other young forest birds in many
landscapes, but young forests and other early-successional
vegetation types are often viewed unfavorably by the gen-
eral public (Gobster 2001). As a result, managers of public
lands may experience resistance when proposing young
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forest management plans aimed primarily at a single tar-
get species (e.g., Woodcock Habitat Demonstration Areas).
In areas where young forests are rare, sites managed to
provide components of woodcock habitat (i.e., singing
grounds) simultaneously provided benefits to a greater
number and diversity of non-target birds than unmanaged
forest sites (Fig. 4). Young forest birds, several of which
are identified as species of high continental or regional
conservation priority (Dettmers and Rosenberg 2000) or
species of greatest conservation need (RIDEM 2005), were
more abundant at woodcock singing grounds and largely
absent at unmanaged forest sites (Masse et al. 2015). Best
management practices for woodcock generally call for cre-
ating mosaics of 22 ha clearcut patches or 30-m strips on
target landscapes (McAuley et al. 1996, Williamson 2010).
Our findings suggest that many non-target birds readily
use small patches of young forest or herb-dominated for-
est openings managed to provide components of wood-
cock habitat. Use of small clearcuts (e.g., 1-4 ha) by young
forest birds has been documented elsewhere (Schloss-
berg and King 2007), but our study was unique in that we
conducted bird surveys in areas actively being managed
for and used by woodcock. Woodcock may serve as an
umbrella species for young forest bird assemblages (Masse
et al. 2015), although additional studies are needed that
document whether woodcock habitat management leads
to increased reproduction and/or survival of non-target
songbird species. This additional demographic informa-
tion on songbirds could be used to increase public aware-
ness about the many benefits of young forest management,
and to convince private landowners that targeted and
well-planned forest clearcutting is not necessarily at odds
with broader conservation goals focused on songbirds and
game species such as woodcock.
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