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Abstract: East Texas is the westernmost extent of the normal winter range of American woodcock (Scolopax minor).
This study addressed information gaps surrounding diurnal winter habitat used by woodcock in east Texas. We
measured 14 different habitat variables, including ground (i.e., bare soil, leaf litter, woody debris, grass, herbaceous,
etc.), understory, tree canopy, horizontal, and overhead covers at 239 locations of 60 different radio-marked adults
during winter of 2001-2002 and 2002-2003. Because of a shift in use from floodplain to upland habitats, several
habitat parameters varied between years (P < 0.05). Although gross structural habitat cover varied between years, there
were general similarities in used and random habitats and in male and female habitats within each year. Moreover,
although habitat components changed during each year, microhabitats selected by woodcock remained consistent.
Woodcock used habitats with varying amounts of ground cover, as in other studies, but were in locations with much
less bare soil than in many previous studies. The woodcock’s winter requirements—sparse ground cover and adequate
overhead cover—are provided by 3 types of sites in east Texas: 1) early successional forests on upland and floodplain
sites; 2) thinned pine sawtimber plantations that are regularly burned; and 3) mixed pine-hardwood sawtimber stands.
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The American woodcock (Scolopax minor) is a use old fields (Glenn et al. 2004) and recently harvested
migratory game bird that inhabits the eastern United forests (Dyer and Hamilton 1977, Horton and Causey

States. The species has experienced long-term popula- 1979).

tion declines (Kelley and Rau 2006), most likely caused During winter in east Texas, woodcock often move
by successional changes and habitat loss (Owen et al. between diurnal and nocturnal habitats at dusk and
1977, Dwyer etal. 1983, Dessecker and Pursglove 2000). dawn (Glenn et al. 2004, Berry 2006). Both sexes use
Early successional habitats are important for woodcock diurnal habitat for feeding and roosting (Horton and
throughout the year because the species is disturbance- Causey 1979), and starting in late January, some adult

dependent (Dessecker and Pursglove 2000); however females also use diurnal habitats for nesting and then
habitat use varies between diurnal and nocturnal brood rearing (Whiting and Boggus 1982, Whiting et
periods. Diurnal habitat in the South has been character- al. 2005). Such nesting activity suggests that there may
ized as dense thickets with sparse ground cover (Boggus be differences in diurnal microhabitat use by adult male
and Whiting 1982, Straw et al. 1986) within regener- and female woodcock, particularly during late winter.
ating clearcuts (Boggus and Whiting 1982, Roberts et However, few studies have isolated specific requirements
al. 1984), intermediate-aged forests (Kroll and Whiting for males and females (Sepik and Derleth 1993) and no
1977), and mature forests (Horton and Causey 1979).

Nocturnal habitat is typically more open because birds - * E-mail: weonway@sfasu.edu
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published studies have described diurnal microhabitat
components important to adult male and female wood-
cock in east Texas. To address this information gap, we
compared diurnal microhabitat use between adult male
and female woodcock and between woodcock flush sites
and associated random sites in east Texas during fall and
winter, 2001-2002 and 2002-2003.

METHODS
Study Area

This study was conducted on the Alazan Bayou
Wildlife Management Area (ABWMA), the adjacent
Stephen F. Austin Experimental Forest (SFAEF), and
surrounding private lands in Nacogdoches County,
Texas (Figure 1). The 835-ha ABWMA was managed
by the Texas Parks and Wildlife Department. Approxi-
mately 243 ha of the ABWMA were abandoned upland
pastures, and the remainder was bottomland hardwood
forests in the Angelina River floodplain. Approximately
308 ha of the SFAEF, a part of the United States Forest
Service system, were upland mixed pine-hardwood
forests, and approximately 1038 ha of the SFAEF were
bottomland hardwood forests in the Angelina River
floodplain (Conner et al. 1994). Private lands adjacent to
the ABWMA and SFAEF were managed by numerous
owners and consisted of improved pastures, mixed pine-
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Figure 1. Location of American woodcock study sites at the
Stephen F. Austin Experimental Forest and the Alazan Bayou
Wildlife Management Area within Nacogdoches County, Texas.

hardwood forests, pine plantations, bottomland hard-
wood forests, and residential areas. However, most of
the private lands on which this study took place were
comprised of 2 intensively managed pine plantations.
One plantation was approximately 5 years old and the
other was approximately 25 years old; the latter planta-
tion had been thinned twice.

Most upland soils in the area are loams or fine sandy
loams in texture on slopes of 0-20%. These soils are
deep, moderately to well drained with slow to moderate
permeability. Bottomland soils are deep, poorly drained
loams with moderate to slow permeability. Bottomland
soils contain relatively high proportions of clay and may
flood briefly during winter (Dolezel and Fuchs 1980).

Capturing and Radio-Locating Woodcock

We captured woodcock by night-lighting (Rieffen-
berger and Kletzly 1967) in the fields within the north-
ernmost portion of the ABWMA during fall and winter,
20012002 and 2002-2003 (Figure 2). We sexed, aged
(Martin 1964, McAuley et al. 1993), and fitted each
captured bird with a United States Geological Survey
(USGS) aluminum leg band. We attached radio trans-
mitters weighing <6 g (<4% of bird mass) to adults
(>1 year old) backpack style with livestock tag cement
and a single-loop cable haress (McAuley et al. 1993)
(USGS auxiliary marking authorization permit number
22931). In 2002-2003, the cable harness was replaced
with a single thread of Gossamer Floss™. We released
each bird at the capture site after transmitter attachment.
We attempted to radiomark 15 adult males and 15 adult
females each winter.

We allowed radio-marked birds 3 days to resume
normal activities. Thereafter, we searched for each bird
1-5 times a week until 1 March 2002 and 2003. When
a bird was found dead or was missing for 2 consecutive
weeks prior to 1 February 2002 and 13 February 2003,
we captured and radiomarked a new adult woodcock of
the same sex. After these dates, missing or dead birds
were not replaced.

Habitat Data Collection

We randomly located radio-marked birds with
traditional telemetry techniques between 0800-1700
hours to ensure birds were found equally throughout
the day. Upon locating each bird, we flushed it and the
flush point was marked (i.e., the used point). If a bird
appeared to move before flushing, we considered the
original triangulation the used point. We also marked
a point 30 m from the used point in a random direc-
tion (i.e., the random point). We chose a 30-m distance
for random locations to constrain them 1) to diurnal
microhabitat(s) that were potentially used by wood-
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Figure 2. Detailed study area and a subset of American woodcock locations at the Stephen F. Austin Experimental Forest and
Alazan Bayou Wildlife Management Area in east Texas, in 2001—-2002 (yellow) and 2002-2003 (orange).
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Figure 3. Floodplain soils (blue outline) on the Alazan Bayou Wildlife Management Area overlaid with a subset of American
woodcock locations at the Stephen F. Austin Experimental Forest and Alazan Bayou Wildlife Management Area in east Texas, in
2001-2002 (yellow) and 2002-2003 (orange).
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cock during this study, 2) from falling in locations in
which woodcock would not generally be observed (i.e.,
roads, open water, etc.), and 3) to focus upon poten-
tially relevant microhabitat features between used and
random sites.

Within 1 week of flushing a bird, we collected
microhabitat cover data at and around (i.e., used or
random location) each used and random point. We
recorded vegetative and physiognomic characteristics
of the surrounding area. We then ocularly estimated
percent ground cover (i.e., 0.0-0.1 m above the ground)
in a 0.5 x 1.0-m plot centered on the used or random
point for the following categories: water, rock, bare soil,
leaf litter, woody debris, and grass, herbaceous, vine,
deciduous, or evergreen plant. When green vegetation
was above cover lying on the ground (e.g., herbaceous
plant above leaf litter), we recorded both categories so
that in some instances ground cover totals exceeded
100%. We also estimated the same ground cover catego-
ries in 4 additional plots, | in each cardinal direction 1
m from each point. We averaged ground cover estimates
for the 5 plots by habitat cover category.

We measured understory (i.e., 0.1-6.0 m above the
ground) and tree canopy covers (i.e., >6.0 m above the
ground) at each location using the line intercept method
(Canfield 1941). From each point, we placed a 5-m tape
on the ground cover in a cardinal direction and recorded
the length of vegetation (cm) directly above the tape
for each stratum. We repeated the procedure in the
remaining cardinal directions and averaged values for
each cover stratum and converted to percentages.

We estimated horizontal vegetation cover in the
stratum 0.0—-1.5 m above the soil surface at each point.
A 0.6 x 1.5-m cover board painted in a black and white
checkered pattern of squares, each 15 x 15cm (i.e., 225
cm?), was placed at each used and random point. We
counted only the number of squares >50% obscured by
vegetation at eye level from a distance of 5 m in each
cardinal direction. Squares with <50% coverage were
not counted to minimize potential bias towards overes-
timating horizontal obscurity. We averaged horizontal
vegetation cover estimates from cardinal directions and
converted the value to a percentage.

We measured overhead vegetation cover using a
spherical densiometer with 24 squares (i.e., 96 corners)
imprinted on the concave mirror. In an attempt to esti-
mate overhead cover at each point from the perspec-
tive of a woodcock, we placed the densiometer on the
ground at each used or random point, and then counted
the number of corners on the densiometer that reflected
vegetation. We performed this procedure while facing
each cardinal direction to thoroughly estimate the over-
head cover at each point. We averaged the 4 densiometer
values and converted that value to a percentage.

Data Analyses

We wused multivariate analysis of variance
(MANOVA) to examine differences in habitat cover
variables (i.e., ground cover by category, understory
cover, horizontal vegetation cover, overhead vegetation
cover, and tree canopy cover) between years, between
used and random locations, between sexes and all
interactions. Year was intentionally included as a main
effect in initial analyses as yearly variation in habitat
was of interest during this study. If interactions (P <
0.05) between year and any other main effect occurred,
we performed subsequent analyses within each year.
To more specifically examine sex-related differences
in habitat, we also used MANOVA to examine differ-
ences in the same set of habitat variables between years,
sexes, and season for used locations only. Each study
year was subdivided into early (i.e., November and
December) and late (i.e., January, February, and March)
seasons in an attempt to examine gender-based habitat
use changes within each year. We used MANOVA to
maintain overall experiment-wide error rates of 0.05
and Wilks’ A was used as the test criterion because of
its conservative power, analogy to univariate F' statis-
tics (Johnson and Wichern 2002), resiliency to multi-
variate non-normality (Olson 1976), and robustness to
heterogeneity of variance-covariance matrices (Ito and
Schull 1964). If differences (P < 0.05) occurred during
MANOVA, we performed follow-up analyses of vari-
ance (ANOVA) using Type 111 Sums of Squares. Least
squares mean separation was used to examine signifi-
cant (P < 0.05) differences (Zar 1996).

RESULTS

All woodcock captured during each study year were
on an upland site or adjacent minor streamside flood-
plain on the northern portion of ABWMA (Figure 3).
In 2001-2002, the first woodcock was radiomarked on
13 December 2001 and the last on 29 January 2002.
The first and last radio transmitters fitted in 2002—
2003 were on 12 November 2002 and 12 February
2003, respectively.

Habitat

Habitat was measured at 89 woodcock locations
(40 male and 49 female) of 12 males and 14 females
between 17 December 2001 and 8 March 2002.
Between 19 November 2002 and 16 March 2003, we
collected habitat data at 150 woodcock locations (39
male and 111 female) of 12 males and 21 females; 1
male and 2 females were recaptures from the previous
year. In 2001-2002, 52% of woodcock locations were



in floodplain habitats, whereas in 2002-2003 only 24%
of locations were in such habitats (y* = 18.99, df =2, P
< 0.001); use of mature upland pine stands doubled the
second year (Table 1, Figure 3).

Habitat varied between years (Wilks” L = 0.20, df
= 14, 461, P < 0.001), between used and random loca-
tions (Wilks” L = 091, df = 14, 461, P < 0.001), and
there was a year X location interaction (Wilks’ A = 0.87,
df = 14, 461, P < 0.001). Subsequent analyses exam-
ining habitat between used and random locations were
performed within each year. Grass, understory, hori-
zontal, and overhead covers were lower (P < 0.05) at
used than random locations in 2001-2002 (Table 2).
In 2002-2003, grass, water, and overhead covers were
lower (P < 0.05) at used than random locations, but leaf
litter, understory, and horizontal covers were higher (P
< 0.05) (Table 2).

There was some variation in microhabitat at random
locations between years, although grass (/" = 0.48, df =
1, 236, P = 0.487), leaf litter (¥ = 1.98, df = 1, 236, P
= (.161), herbaceous (# = 0.97, df = 1, 236, P = 0.326)
and overhead covers (F = 1.08, df = 1, 236, P = 0.300)
were similar (Table 2). However, bare ground (F = 6.00,
df =1, 236, P = 0.015), deciduous (F = 74.12, df = 1,
236, P < 0.001), and horizontal covers (7 = 38.45, df
=1, 236, P < 0.001) were greater in 2001-2002 than
2002-2003, but understory cover (F = 2229, df = 1,
236, P < 0.001) was higher in the latter winter (Table 2).
Overall habitat at used locations, irrespective of sex,
varied (Wilks® A = 0.14, df = 14, 222, P < 0.001)
between years, but was similar between sexes (Wilks’
A =0.92, df = 14, 222, P = 0.207). Bare soil, woody,
deciduous, vine, and tree canopy covers were all higher
in 2001-2002 than in 2002-2003, but understory cover
was lower in 2001-2002 than in 2002-2003 (Table 3).
Few strongly sex-related habitat differences emerged in
either year (Table 4). In 2001-2002, habitats used by
males and females were similar, whereas in 2002—-2003,
herbaceous ground cover and overhead canopy cover
were higher at male than female locations and female
locations had more tree canopy cover (P < 0.05).

Finally, as some previous research indicated that
females may begin using diurnal habitat for nesting in
January (Whiting et al. 2005), we examined if season
(i.e., prior to 1 January or after 1 January) influenced
habitat use by sex in either year. As before, used habitat
did not vary between sexes in 2001-2002 (Wilks” A =
0.83, df = 19, 67, P = 0.762), but did in 2002-2003
(Wilks’ .= 0.80, df = 18, 128, P = 0.028). Used habitat
varied between early and late seasons in 2001-2002
(Wilks” A = 0.65, df = 19, 67, P = 0.031) (Table 5) and
2002-2003 (Wilks’ A = 0.79, df = 18, 128, P = 0.018)
(Table 6), but there were no season x sex interactions
in either year (Wilks’ A = 0.85, df = 19, 67, P = 0.637;
2001-2002) (Wilks” L = 0.86, df = 18, 128, P = 0.306;
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Table 1. Number and percent (%) of points, categorized by
habitat, from which data were collected for radio-marked
adult male and female American woodcock during fall and
winter of 2001-2002 and 2002-2003 in Nacogdoches
County, Texas.

2001-2002 2002-2003
(n = 89) (n=150)

Habitat® n % n %
Floodplain

Early successional

Herdicoa 20 225 27 18.0

Early successional

pine-hardwood 2 e 1 0.7

Early successional

pine plantation L 15.7 3 2.0

Mature hardwood 7 7.9 4 2.6

Mature mixed

pine-hardwood 3 34 L 07
Total 46 51.8 36 24.0
Upland

Early successional

hardwood ! 14 0 0.0

Early successional

pine hardwood 0 0.0 4 2.7

Early successional

pine plantation B 6.7 23 19.3

Mature hardwood 0 0.0 2 1.3

Mature mixed pine

rH———— 22 247 28 18.7

Mature pine 14 15.7 51 34.0
Total 43 48.2 114 76.0

2 Early successional and mature habitats were comprised of

seedling-sapling and pole-sawtimber size trees, respectively.
Mixed pine-hardwood stands contained both species types in
varying proportions.

2002-2003), indicating that although habitat changed
during winter, males and females selected habitats simi-
larly over time. In both years, the amount of leaf litter
declined between periods at used locations. However,
in 2001-2002, used locations had more understory and
horizontal covers in the early period (Table 5), but those
same cover values did not differ over time in 2002-2003
(Table 6). Conversely, in 2001-2002, overhead and tree
canopy covers were similar between periods (Table 5)
whereas in 2002-2003, overhead cover increased and
tree canopy cover decreased over time (Table 6).
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Table 2. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected
at American woodcock diurnal locations and corresponding random locations during fall and winter of 2001=2002 and 2002—2003
in Nacogdoches County, Texas.

Used Random
Parameter (%)? Mean SE Mean SE F P
2001-2002 (n = 89)
Ground cover
Bare ground 5143 0.80 5.30 AP 1.02 0.10 0.751
Rock <0.01 <0.01 0.19A 0.19 0.79 0.375
Leaf litter 90.49 1.24 84.20 A 2.47 3.48 0.064
Woody debris 3.50 0.44 3.63A 0.51 0.04 0.845
Grass 9.93 1.42 17.20 A 2.39 5:93 0.016
Herbaceous 13.97 1.68 16.47 A 2.20 0.09 0.767
Deciduous 10.14 0.97 7.92A 0.88 3.39 0.067
Vine 10.95 1.54 9.88A 1.59 0.76 0.385
Evergreen 1.71 0.46 1.20A 0.35 0.79 0.376
Water 1.48 0.52 1.98A 0.71 0.24 0.623
Understory cover 20.05 2.02 33.35B 2.87 13.11 <0.001
Horizontal cover 35.98 3.04 53.47 A 3.42 14.38 <0.001
Overhead cover 557 0.91 11.62 A 1.90 975 0.002
Tree canopy cover 68.54 3.57 66.86 A 4.07 0.01 0.909
2002-2003 (n = 150)
Ground cover
Bare ground 2027 0.46 276 B 0.51 0.19 0.663
Rock 0.00 0.00 0.00 A 0.00 NA NA
Leaf litter 86.31 1.83 79.13A 2.44 4.51 0.035
Woody debris 2.76 0.34 3.17A 0.41 0.49 0.484
Grass 10.65 1.20 15.22 A 1.69 4.08 0.044
Herbaceous 11.24 - 1.27 13.80A 155 1.44 0.232
Deciduous 2.10 0.21 1.76 B 0.17 1.70 0.194
Vine 3.14 0.56 3.76 B 0.69 0.00 0.969
Evergreen 310 0.70 1.84 A 0.41 1.80 0.181
Water 0.13 0.67 1.80A 0.68 6.45 0.012
Understory cover 88.55 1.10 78.69 A 1.63 21.74 <0.001
Horizontal cover 43.08 1.93 30.93B 1.91 20.04 <0.001
Overhead cover 6.45 0.92 14.40A 1.69 19.64 <0.001
Tree canopy cover 31.57 2.94 36.44 B 3.13 172 0.191

@ Ground cover, understory cover, and tree canopy caver were evaluated in the stratum 0.0-0.1 m, 0.1-6.0 m, and >8 m above
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was
evaluated using a spherical densiometer.

Means of random habitat followed by the same letter within the same column are not different (P > 0.05) between years.
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Table 3. Means, Standard Etrors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected
at American woodcock diurnal locations during fall and winter of 2001-2002 and 2002—-2003 in Nacogdoches County, Texas.

2001-2002 (n = 89) 2002-2003 (n = 150)
Parameter (%)® Mean SE Mean SE F® P
Ground cover
Bare ground 5.13 0.80 227 0.46 18.28 <0.001
Rock <0.01 <0.01 0.00 0.00 1.25 0.265
Leaf litter 90.49 1.24 86.31 1.83 0.41 0.523
Woody debris 3.50 0.44 2.76 0.34 6.07 0.015
Grass 9.93 1.42 10.65 1.20 0.26 0.610
Herbaceous 13.97 1.68 11.24 1.27 0.19 0.661
Deciduous 10.14 0.97 2.10 0.21 106.31 <0.001
Vine 10.95 1.54 3.14 0.56 34.71 <0.001
Evergreen 1.71 0.45 3.10 0.70 0.61 0.686
Water 1.48 0.52 0.13 0.07 6.98 0.009
Understory cover 20.05 2.02 88.55 1.10 689.81 <0.001
Horizontal cover 35.98 3.03 43.08 1.92 3.33 0.069
QOverhead cover 8.57 0.91 6.45 0.92 1.01 0.316
Tree canopy cover 68.54 387 81.57 2.93 78.80 <0.001

2 Ground cover, understory cover, and tree canapy cover were evaluated in the stratum 0.0=0.1 m, 0.1=6.0 m, and >6 m above
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was
evaluated using a spherical densiometer.

PReported F and P values from Type Ill Sums of Squares (df = 1, 235).

Table 4. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected
at male and female American woodcock diurnal locations during fall and winter of 2002-2003 in Nacogdoches County, Texas.

Male (n = 39) Female (n = 111)
Parameter (%)? Mean SE Mean SE F® P
Ground cover
Bare ground 1.44 0.42 2.56 0.60 0.19 0.660
Rock 0.00 0.00 0.00 0.00 NA NA
Leaf litter 84.20 3.76 87.05 2:10 0.64 0.428
Woody debris 2.99 0.94 2.68 0.32 0.88 0.349
Grass 12.29 2.38 10.07 1.39 0.79 0.376
Herhaceous 16.81 272 9.28 1.39 8.57 0.004
Deciduous 2.39 0.58 1.99 0.20 0.12 0.728
Vine 2.50 0.62 337 0.72 1.1 0.293
Evergreen 0.69 0.32 3.94 0.92 5.86 0.017
Water 0.23 0.13 0.09 0.07 1.82 0.179
Understory cover 87.53 1.81 88.91 1.34 1.13 0.290
Horizontal cover 39.92 3.64 4418 227 0.85 0.359
Overhead cover 10.27 253 51 0.84 6.17 0.014
Tree canopy cover 20.19 4.30 35.57 3.60 463 0.033

2 Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0-0.1 m, 0.1-6.0 m, and =6 m above
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and cverhead cover was
evaluated using a spherical densiometer.

®Reported F and P values from Type lll Sums of Squares (df = 1, 146).
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Table 5. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected
early (i.e., prior to 1 January) and late (i.e., after 1 January) at American woodcock diurnal locations during fall and winter of
2001-2002 in Nacogdoches County, Texas.

Early (n = 15) Late (n=74)
Parameter (%)* Mean SE Mean SE Eb P
Ground cover
Bare ground 1.72 0.60 5.83 0.94 3.92 0.051
Rock 0.00 0.00 0.00 0.00 0.16 0.687
Leaf litter 96.49 0.92 89.27 1.44 4.79 0.031
Woody debris 4.31 0.82 3.34 0.49 0.86 0.355
Grass 5.92 1.78 10.75 1.65 1.22 0.272
Herbaceous 6.62 3.00 15.46 1.89 3.81 0.054
Deciduous 7.7 1.09 10.74 1.13 2.01 0.159
Vine 7.61 1.77 11.62 1.80 1.55 0.216
Evergreen 0.13 0.13 2.03 0.54 2.18 0.144
Water 0.00 0.00 1.78 0.62 1.54 0.218
Understory cover 30.25 5.51 17.97 2.09 5.89 0.017
Horizontal cover 62.58 6.70 30.59 3.03 22.46 <0.001
Overhead cover 4.87 1.86 5.71 1.02 0.01 0.906
Tree canopy cover 52.68 7.04 71.76 3.97 3.94 0.050

* Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0=0.1 m, 0.1=6.0 m, and >6 m above
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was
evaluated using a spherical densiometer.

®Reported F and P values from Type lll Sums of Squares (df = 1, 85).

Table 6. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected
early (i.e., prior to 1 January) and late (i.e., after 1 January) at American woodcock diurnal locations during fall and winter of
2002-2003 in Nacogdoches County, Texas.

Early (n = 69) Late (n = 81)
Parameter (%) Mean SE Mean SE F* P
Ground cover
Bare ground 1.49 0.48 293 0.74 0.84 0.361
Rock NA NA NA NA NA NA
Leaf litter 90.37 2,43 82.85 2.64 6.55 0.012
Woody debris 2.98 0.33 2.57 0.56 0.02 0.899
Grass 8.82 1.86 12.22 1.54 2.32 0.130
Herbaceous 8.83 1.74 13.29 1.81 3.27 0.073
Deciduous 2.53 0.32 1.73 0.28 3.29 0.072
Vine 4.10 1.14 233 0.36 0.94 0.333
Evergreen 6.01 1.43 0.62 0.17 5.62 0.019
Water 0.04 0.04 0.21 0.12 0.86 0.355
Understory cover 86.51 1.73 90.29 1.38 0.08 0.772
Horizontal cover 41.55 2.62 44.38 2,79 0.06 0.806
Overhead cover 4.31 1.24 8.28 1.30 6.41 0.012
Tree canopy cover 48.08 4.55 17.51 3.06 18.32 < 0.001

@ Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0-0.1 m, 0.1-6.0 m, and >6 m above
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was
evaluated using a spherical densiometer.

?Reported F and P values from Type Ill Sums of Squares (df = 1, 145).



DISCUSSION
Yearly Habitat Variation

The magnitude of overall habitat differences
between years drove many of the analyses within this
study, and likely influenced differences between used
and random habitats and between male and female
habitat use patterns. For example, habitat varied more
between study years than between used and random
locations or male and female locations within years.
However, yearly differences in used and random loca-
tions were generally related to understory, horizontal,
and tree canopy covers, not specific ground cover
components, which were quite similar in both years (see
Table 2). Moreover, these non-ground cover compo-
nents were undoubtedly related to the general distribu-
tion of woodcock between years on the study site. For
example, during 2001-2002, woodcock locations were
evenly distributed between floodplain and upland habi-
tats, but in 2002—2003, 75% of all the birds were located
on upland sites. As expected, understory and horizontal
cover patterns mirrored more open floodplain habitats
in 2001-2002 and more dense upland habitats in 2002—
2003. However, beyond gross differences in generalized
habitat structure, we hypothesize that this dramatic shift
from floodplains to uplands between years may be due
to differences in moisture regimes.

Precipitation in Lufkin, Texas, prior to and during
the study period of 2002-2003 was higher than that
of either 2001-2002 or the 30-year average (Table 7).
More precipitation in 2002-2003 may have increased
both soil moisture and suitability of well-drained upland
habitats by increasing earthworm availability (Rabe et
al. 1983, Owen and Galbraith 1989). The habitat shift
observed during this study mirrors woodcock habitat
shifts in Alabama, where woodcock used mixed pine-
hardwood uplands during wet periods, and hardwood
floodplains during dry periods (Horton and Causey
1974). As such, variation in precipitation levels among
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years may promote facultative habitat shifts by wood-
cock in response to improved soil moisture conditions,
allowing them to periodically occupy upland areas with
soils that are too well drained to provide adequate soil
moisture conditions in some years.

Differences Between Used and Random Locations

Despite yearly variation in gross structural cover,
soil type, and distribution of woodcock in this study,
there was little variation in habitats selected by wood-
cock within years. Likewise, although gross structural
cover values varied, woodcock habitat selection patterns
were similar between years. For example, most ground
cover values were similar between random and used
locations within each year, and although not statisti-
cally significant in many instances, the direction of most
comparisons was similar between years. Conversely,

‘the direction that understory and horizontal cover

values changed for used and random locations differed
between years, again reflecting the variation in distribu-
tion of woodcock on the study site.

Often, the availability of bare soil will partially
explain woodcock selection patterns. However, in
this study, bare soil proportions were similar between
used and random locations within each year and our
values (range 2.3-5.1%) are lower than those of other
studies. Glenn et al. (2004), working on the ABWMA
during winter, reported bare soil values of 14-23 % at
nocturnal woodcock locations and 6-15% at random
locations. Studies in other geographic regions have
reported more bare ground at woodcock locations, even
in habitats described as poor or avoided altogether. For
example, Wishart and Bider (1976) found that good
habitat in Quebec averaged 87% bare ground, whereas
poor habitat averaged 56%. Woodcock in Pennsylvania
selected areas of 12—17% bare ground and avoided areas
with <2% bare ground (Straw et al. 1986). In Alabama,
Horton and Causey (1979) found that woodcock activity
centers had 53% open ground cover (i.e., void of standing

Table 7. Precipitation (cm) records (NOAA 2006) during fall and winter of 2001-2002 and 2002-2003 in Lufkin, Angelina County, Texas.

Month 1971_/;;%::13300_01 2001-2002 2002-2003
October 8.41 10.03 21.44
November 9.78 8.79 21.34
December 9.96 14.20 23.93
January 11.30 10.87 1.65
February 8.056 5.54 14.68
March 8.97 18.97 8.66
Total 56.46 68.40 91.69
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vegetation). Beyond sampling differences among these
studies, low values of bare ground and low grass cover
values observed in this study may reflect the woodcock’s
propensity to select relatively open ground-level diurnal
habitat with relatively high amounts of understory and
horizontal covers (sensu Boggus and Whiting 1982).

Like bare ground cover, amounts of leaf litter, grass,
and herbaceous cover did not vary between used and
random locations. Although leaf litter cover values were
relatively high in both years and similar to those reported
in Glenn et al. (2004), our results are inconclusive and
generally support Morgenweck’s (1977) conclusion that
woodcock use sites with varying levels of litter. During
this study, woodcock locations had less grass cover
(approx. 10%) than random locations (approx. 15%).
These values are slightly lower than those of Glenn et al.
(2004), although dissimilarities between these studies may
reflect differential habitat use diurnally (this study) and
nocturnally (Glenn et al. 2004). However, relatively high
grass cover hinders woodcock movement (Boggus and
Whiting 1982) and reduces available foraging substrate
(Berdeen and Krementz 1998), whereas such grass cover
may provide protection from nocturnal predators.

Understory and horizontal cover values were lower
at woodcock locations than random locations in 2001—
2002, but were higher and lower, respectively, in 2002—
2003, reflecting a shift from floodplain to upland sites
between years. Floodplain stands were dominated by
early hardwood successional vegetation whereas upland
stands were dominated by pines, thus the variation in
these metrics. Conversely, overhead cover was lower at
woodcock locations than random locations in both years;
this was the only consistent variation in inter-year struc-
tural cover. Despite numerous inconsistencies between
years, it appears that woodcock select habitats with
little direct overhead cover and with varying amounts
of both structural and ground cover. Such habitats may
be more reflective of stand structure, residual litter, and
vegetative characteristics within the stands than specific
features that woodcock seek. As such, woodcock appear
to select diurnal habitats based upon the entire vegeta-
tion profile and structure as well as the presence of near-
ground openings. However, their occupancy or presence
in a particular habitat may be facultative based upon
soil moisture and precipitation conditions prior to and
during winter in east Texas.

Habitat Use Between Sexes and Seasons

As with used versus random comparisons, there were
few differences in habitat use between males and females
in either year. These results are similar to Krementz
and Pendleton (1994), who also found gross similari-
ties between male and female habitat use in winter in
Georgia, South Carolina, and Virginia. Although these

similarities exist, evidence of female nesting activities
initiating in January in east Texas (Whiting et al. 2005)
may alter comparisons of habitat use between sexes in
late winter and early spring. Although understory and
horizontal covers declined at woodcock locations over
time during this study, there were no sex x season inter-
actions, indicating that woodcock did not change micro-
habitat selection during late winter and early spring.
This is relevant as we demonstrated that male and
female woodcock generally selected microhabitat simi-
larly throughout the late winter and early spring even as
habitat conditions changed.

MANAGEMENT IMPLICATIONS

East Texas forested habitats are important for
wintering American woodcock (Kroll and Whiting
1977, Boggus and Whiting 1982, Whiting and Boggus
1982). In this study, different moisture regimes allowed
for a facultative shift from floodplain habitats to upland
habitats between years. Although gross structural habitat
changed between years, as reflected in the general distri-
bution of woodcock, early successional ground cover
vegetatiqn types were consistent microhabitat features
of used habitat in both years. Moreover, although
seasonal changes in microhabitats occurred, male and
female woodcock selected habitats similarly over time,
indicating that structural habitat management for wood-
cock can be accomplished without consideration of sex
during winter. Subtle differences occurred between 1)
male and female microhabitats and 2) used and random
microhabitats, but dramatic changes in precipita-
tion and subsequent soil moisture conditions between
years likely drove the habitat use patterns observed in
this study.

From a management perspective, suitable soil mois-
ture conditions are dependent upon precipitation prior
to and during winter. However, managers can provide
the early successional structure by encouraging frequent
disturbance in order to create and maintain woodcock
habitat in almost every seral stage of forest. Creation
and maintenance of pioneer communities (e.g., young
pine plantations, abandoned pastures) permits develop-
ment of suitable vegetative structure, where mowing,
prescribed fire, and other techniques can be used to
maintain less-dense areas for access and escape routes.
Timber harvesting activities disturb understory vegeta-
tion and simultaneously reduce overhead cover, allowing
more sunlight to reach the forest floor. Interspersing
thinned and completely harvested stands will result in
habitat variety suitable for woodcock during winter.
Future research on diurnal habitat of American woodcock
in east Texas should examine woodcock use of different
habitat types as directly related to precipitation, soil
moisture variability, and earthworm availability.
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