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Abstract Red-cockaded woodpecker (RCW; Picoides
borealis) productivity is influenced by characteristics of
forests in which they forage. Thus, we investigated the
relationships between stand conditions and RCW reproduc-
tion. We conducted focal animal sampling two to three
times per season for ten RCW groups from September
1999–September 2001 in southern Arkansas and northern
Louisiana, USA. We measured overstory and understory
vegetation characteristics associated with observed foraging
sites. Mean diameter at breast height (DBH) of hardwood
trees and autumn forb cover were inversely correlated with
number of eggs laid. The numbers of eggs, hatchlings, and
fledglings were similar between groups with and without
helpers, though helpers tended to remain in higher quality
habitat. Groups with helpers used foraging areas with
greater basal area of pines (Pinus spp.) ≥25.4 cm DBH,
conifer canopy cover, leaf litter cover, litter depth, autumn
vine cover, and winter woody cover than groups without
helpers. Our results suggested that foraging habitat recom-
mendations should include understory conditions, although
additional research is required to clarify the interrelationships
between RCW reproduction, forest stand characteristics, and
the arthropod community.
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Introduction

Red-cockaded woodpeckers (RCW; Picoides borealis) are
endemic to pine (Pinus spp.) forests of the southeastern
United States. These birds are territorial, nonmigratory,
cooperative breeders (Lennartz et al. 1987, Walters et al.
1988), and almost exclusively forage and roost in living
pines (Hooper and Lennartz 1981). The RCW was listed
by the U.S. Fish and Wildlife Service as a federally
endangered species in 1970 (U.S. Fish and Wildlife
Service [USFWS] 1970). Its endangered status is attribut-
ed to an approximate 99% population decline since
European settlement in North America (Costa 2001),
which was caused in part by growth of understory into
midstory, a shortage of pine trees with a large enough
diameter for cavity excavation, and loss and fragmentation
of habitat leading to demographic isolation (Hooper et al.
1980; Conner and Rudolph 1989, 1991; Costa and Walker
1995).

A RCW group uses a cluster of cavity trees for roosting
and nesting activities (Lennartz et al. 1987). A group
usually consists of a monogamous pair of breeding adults,
up to four non-breeding helpers, and the young of the year
(Hooper et al. 1980, Lennartz et al. 1987, Walters et al.
1988). Helpers are male offspring from previous years that
cooperatively engage in incubation of eggs and feeding of
hatchlings and fledglings. The presence of helpers in a
RCW group is typically indicative of higher quality habitat
(Stacey and Ligon 1987, Komdeur 1992, Walters et al.
1992). Reproductive success is likely affected by habitat
quality, breeding experience of the group, number of
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helpers in the group, and interspecific and intraspecific
competition (Ligon 1981, Lennartz et al. 1987).

Foraging habitat management recommendations from
the RCW recovery plan primarily focus on overstory
conditions though some emphasis is placed on understory
conditions of forest stands (USFWS 2003). However,
research has suggested that overstory characteristics may
not solely index RCW habitat quality (Beyer et al. 1996,
Hardesty et al. 1997, Ferral 1998, Wigley et al. 1999).
Several studies have noted understory conditions are related
to characteristics of the arthropod community (Hanula et al.
1997, Hanula and Franzreb 1998, New and Hanula 1998,
Hanula et al. 2000) and RCW productivity (Hardesty et al.
1997, James et al. 1997, Davenport et al. 2000, James et al.
2001). Instead, a combination of overstory and understory
forest stand characteristics are probably more appropriate
measures of foraging habitat quality, as related to demo-
graphics and reproduction (Hardesty et al. 1997, James
et al. 1997, Davenport et al. 2000, James et al. 2001). Thus,
our objective was to investigate relationships between
characteristics of forest stands (including understory char-
acteristics) in foraging habitat and RCW reproduction (e.g.,
number of eggs laid, presence of helpers in groups, and
group nesting success).

Materials and methods

Study area

We conducted research in the Gulf Coastal Plain physiog-
raphic region of southern Arkansas and northern Louisiana,
USA. We selected ten RCW groups from commercial
forestlands (Butler 2001). Our study groups were located in
Ashley, Bradley, Drew, and Union counties, Arkansas, and
Union Parish, Louisiana. The areas inhabited by RCWs
were primarily comprised of loblolly (Pinus taeda) and
shortleaf (Pinus echinata) pine stands with few hardwood
dominated stands. Stands were of various ages; some were
pine plantations <30 years of age, but many were older,
naturally regenerated pines stands of up to 85 years old.
Common hardwood and shrub species included oaks
(Quercus alba, Quercus falcata, and Quercus nigra),
hickories (Carya tomentosa and Carya texana), sweetgum
(Liquidambar styraciflua), red maple (Acer rubrum), black-
gum (Nyssa sylvatica), winged elm (Ulmus alata), flower-
ing dogwood (Cornus florida), persimmon (Diospyros
virginiana), American holly (Ilex opaca), black cherry
(Prunus serotina), sassafras (Sassafras albidum), and
sweetbay (Magnolia virginiana), though sites were pine-
dominated. Blackberry (Rubus spp.), greenbrier (Smilax
spp.), and poison ivy (Toxicodendron radicans) were
common understory components in the region. The primary

land use in southern Arkansas and northern Louisiana was
commercial forestry.

Methods

We divided the sampling period into four seasons, autumn
(21 September–20 December), winter (21 December–20
March), spring (21 March–20 June), and summer (21 June–
20 September). We conducted focal animal sampling (i.e.,
fixed-interval time point sampling; Martin and Bateson
1993) two to three times per season for each RCW group
from September 1999–September 2001. Specifically, we
observed behavior at 10-min intervals (Porter et al. 1985,
Bowman et al. 1998) for 5 h after a RCW group left their
cavity trees. At each time interval, we identified trees as
foraging or non-foraging substrates depending on RCW
behavior at the time of observation.

Using systematic sampling, we established every fifth
forage tree during a focal animal sample (≥50 min of
observation time between each plot) as the center of a 14-m
radius vegetation plot. Within each plot, we measured forest
overstory and understory characteristics. We recorded
species and diameter at breast height (DBH) for all trees
≥9.0 cm DBH within each plot. We measured conifer
(Pinus spp. and few Juniperus virginiana), hardwood, and
total canopy cover with a spherical densiometer (Model-C,
Forest Densiometers, Bartlesville, OK, USA) at 3.5 m,
7.0 m, and 14.0 m from the center tree along four transects
oriented in cardinal directions. We ocularly estimated
percent cover of understory components at 3.5 m and
7.0 m along each transect using a 2×2 m and a nested 1×
1 m subplot. We recorded the percent cover of understory
components ≤1 m in height according to the Daubenmire
cover class system (Daubenmire 1959, Elzinga et al. 1998).
In each 2×2 m subplot, we ocularly estimated percent cover
of woody vegetation, vines, and woody debris, and counted
number of woody stems 2.5–9.0 cm in ground line diameter
(GLD). In each 1×1 m subplot, we ocularly estimated
percent cover of bare ground, leaf litter, grasses–sedges,
and forbs, and measured litter depth at three to six
locations. We recorded average litter depth in 2-cm
intervals. We used a 0.2×2.0 m profile board, divided into
four 0.5-m strata (0.0–0.5 m, 0.5–1.0 m, 1.0–1.5 m, and
1.5–2.0 m above the ground) to estimate vertical vegetative
cover. We placed the profile board at plot center and
estimated percent cover to the nearest 5% for each stratum
at 14 m from plot center in each cardinal direction.

We monitored ten RCW groups for nesting activities in
1999–2001. We used a TreeTop Peeper™ nest inspection
system (Sandpiper Technologies, Inc., Manteca, CA, USA)
to monitor nesting actives beginning in April at 10-day
intervals until the chicks fledged. We determined number of
adults, helpers, eggs per clutch, hatchlings, and fledglings
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in each RCW group per year. We used the maximum clutch
size per year for each group in further analyses to avoid
potential biases that may result from averaging clutch sizes
from successive nesting attempts during a year. We
considered hatchlings as chicks 0–18 days old and fledglings
as chicks ≥19 days old. We also recorded the number of
times nesting activities were disrupted by depredation.

We estimated mean pine and hardwood basal area (BA)
and DBH, canopy cover, litter depth, number of woody
stems 2.5–9.0 cm GLD, percent cover of understory
components, and vertical vegetative cover for each RCW
group by season for each year. Basal area is the cross-
sectional area of a tree bole. We used the midpoints of the
percent cover of understory components, vertical vegetative
cover, and litter depth measurements to calculate means.
We used repeated measures analysis of variance (ANOVA)
to determine seasonal differences for habitat variables (Zar
1999, SAS Institute 2004 [PROC MIXED with REPEATED
statement]). We conducted multiple comparisons using
Tukey’s adjustment (SAS Institute 2004 [PROC MIXED
with LSMEANS statement]). If mean seasonal estimates
were similar, we used annual mean estimates in further
analyses; seasonal mean estimates were used otherwise.

We considered RCW groups that fledged ≥1 chick as
successful. We obtained 95% binomial confidence intervals
for estimates of percent group nesting success and percent
of groups with helpers (Conover 1999). We compared
number of eggs, fledglings, hatchlings, and habitat con-
ditions between groups with and without helpers using a t
test (Zar 1999). We compared habitat conditions between
successful and failed groups using a t test. We estimated
Pearson correlation coefficients (Zar 1999) between the
reproductive parameters and overstory and understory
foraging habitat variables. We used SPSS® 15.0 (SPSS
Inc., Chicago, IL, USA) to conduct t tests and obtain
Pearson correlations.

Results

We monitored nesting activities of ten RCW groups during
1999–2001; 29 total nests were monitored. One RCW
group was a single bird during 1999. The mean nest
initiation date was 28 April±2.7 days (mean±95% CI). The
mean number of adults per group per year was 2.4±0.2.
The mean maximum clutch size per group per year was
3.2±0.4 eggs (n=29). The mean number of eggs hatched
per group per year was 2.1±0.4 (n=29) and the mean
number of fledglings per group per year was 1.5±0.4 (n=
29). We observed 72.4% (52.8–87.3%; 95% CI) of RCW
groups successfully fledged chicks (21 of 29 groups were
successful). The remaining eight nests were disrupted by
depredation before eggs could hatch. Of the eight groups

that were disrupted, four attempted a second nest (50.0%
[15.7–84.3%]); two of those second attempts successfully
fledged chicks (40.0% [5.3–85.3%]). The mean nest
initiation date of re-nesting attempts was 23 May±7.5 days.

We observed 41.4% (23.5–61.1%; 95% CI) of RCW
groups had one helper (non-breeding adult males) during
breeding activities (12 of 29 groups had helpers) and none
had >1 helper. Groups with helpers did not lay more eggs
(without helper=2.9±0.7 eggs [mean±95% CI]; with
helper=3.5±0.4 eggs; t=1.285, df=27, P=0.210), have
more hatchlings (without helper=1.9±0.5 hatchlings; with
helper=2.5±0.8 hatchlings; t=1.404, df=27, P=0.172), or
have more fledglings (without helper=1.4±0.5 fledglings;
with helper=1.7±0.8 fledglings; t=0.758, df=27, P=0.455)
than groups without helpers. We observed 75.0% (42.8–
94.5%; 95% CI) of RCW groups with helpers successfully
fledged chicks, which was similar to groups without helpers
(75.0% [47.6–92.7%]). Of the groups in which nesting was
disrupted, 50% (6.8–93.2%) of groups with helpers and
50% (6.8–93.2%) of groups without helpers attempted a
second nest.

We conducted 147 focal animal samples on ten RCW
groups during September 1999–September 2001. We
collected 189 samples of foraging habitat (50 plots during
autumn, 32 in winter, 58 in spring, and 49 in summer). All
overstory foraging habitat characteristics were similar
among seasons (Table 1). Vertical vegetative cover at 1.0–
1.5 m and 1.5–2.0 m above the ground, forb cover, vine
cover, and woody cover changed throughout the seasons
(Table 2). These understory characteristics were greatest in
spring and summer (Table 2). Litter depth, number of
stems, bare ground cover, leaf litter cover, grass–sedge
cover, and woody debris cover were similar among seasons
(Table 2).

Groups with helpers tended to use foraging areas with
greater BA of pines ≥25.4 cm DBH and greater conifer
canopy cover than groups without helpers (Table 3).
Conifer canopy cover was correlated with BA of pines
≥25.4 cm DBH (r=0.535, n=20, P=0.015). Groups with
helpers used foraging areas with greater leaf litter depth,
litter cover, autumn vine cover, and winter woody cover
(Table 4). No overstory or understory characteristics of
foraging habitat differed between successful and unsuc-
cessful RCW groups (Tables 3 and 4). However, only
28.6% (3.7–71.0%; 95% CI) of unsuccessful groups (n=7)
used foraging areas with ≥40% herbaceous cover in the
understory, the level recommended in the recovery plan
(USFWS 2003), versus 53.8% (25.1–80.8%) of successful
groups (n=13). None of the overstory foraging habitat
variables were correlated with reproductive parameters,
except hardwood DBH, which was inversely correlated
with number of eggs laid by RCW groups (Table 5). One
understory variable, autumn forb cover, was inversely
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correlated with number of eggs laid (Table 6). Summer vine
cover was correlated with number of hatchlings (Table 6).

Discussion

Many factors external to foraging habitat, such as weather
events and nest depredation, can influence RCW nesting
success (Neal et al. 1993) and variation can mask the
effects of foraging habitat on success. For example, we
observed no differences in foraging habitat between
successful and failed RCW groups (Tables 3 and 4), though
we found some vegetative characteristics were influential
on RCW productivity (i.e., number of eggs laid or number
of hatchlings). However, in cooperatively breeding species
such as RCWs, theory suggests helpers remain in high
quality habitat (Stacey and Ligon 1987, Komdeur 1992,
Walters et al. 1992). Therefore, foraging habitat differences
between groups with and without helpers are likely
indicative of favorable habitat conditions.

We observed that RCW groups with helpers used
foraging areas with greater BA of pines ≥25.4 cm DBH
than did groups without helpers (Table 3). The minimum
BA of pines ≥25.4 cm DBH set by the recovery plan is
≥9.2 m2/ha (USFWS 2003). We observed BA of pines
≥25.4 cm DBH in foraging areas of groups with helpers
was 12.4±2.3 m2/ha which was above the minimum
recovery guideline (Table 3). However, we observed BA
of pines ≥25.4 cm DBH in groups without helpers was
8.9±2.3 m2/ha, which was below the minimum recovery
guideline (Table 3). Therefore, groups with helpers tended
to use quality foraging habitat as defined by the recovery
plan, but groups without helpers were limited to lower
quality habitat.

We observed leaf litter cover and litter depth were
greater in the foraging areas of groups with helpers
compared to areas used by groups without helpers (Table 4).
Several researchers have noted a positive relationship
between the arthropod community and leaf litter cover or
biomass in RCW foraging habitat (Hanula et al. 1997,

Table 2 Repeated measures analysis of variance comparing seasonal estimates of understory foraging habitat characteristics for 10 red-cockaded
woodpecker groups during 1999–2001 in southern Arkansas and northern Louisiana

Characteristic Meana F df P

Autumn Winter Spring Summer

Profile board cover 0.0–0.5 m (%) 33.1 20.6 37.3 42.8 1.60 3, 31.2 0.209
Profile board cover 0.5–1.0 m (%) 35.2 23.7 40.9 52.4 2.60 3, 31.0 0.070
Profile board cover 1.0–1.5 m (%) 39.3ab 28.0a 47.5b 63.5b 4.85 3, 31.1 0.007
Profile board cover 1.5–2.0 m (%) 54.2ab 39.9a 67.2b 78.8b 7.60 3, 32.8 <0.001
Number of stems (no/2 m2) 1.3 1.8 1.8 1.6 0.11 3, 31.7 0.953
Liter depth (cm) 3.0 3.0 3.0 2.4 0.92 3, 33.2 0.441
Leaf litter coverage (%) 79.1 82.8 82.8 83.2 0.61 3, 33.4 0.612
Grass–sedge cover (%) 29.7 32.3 29.3 33.9 0.16 3, 33.7 0.923
Forb cover (%) 8.4ab 5.2a 13.5ab 15.7b 5.59 3, 60.0 0.002
Woody debris cover (%) 19.0 16.0 17.7 18.4 0.35 3, 28.2 0.786
Vine cover (%) 8.0ab 3.7a 13.0b 14.0b 4.04 3, 33.3 0.015
Woody cover (%) 16.1ab 8.4a 22.8b 23.0b 8.94 3, 60.0 <0.001

a Estimates with same letters are not different (α=0.05) using Tukey’s test

Table 1 Repeated measures analysis of variance comparing seasonal estimates of overstory foraging habitat characteristics for 10 red-cockaded
woodpecker groups during 1999–2001 in southern Arkansas and northern Louisiana

Characteristic Mean F df P

Autumn Winter Spring Summer

BA of pines 9.0–25.4 cm DBH (m2/ha) 1.9 2.4 2.6 2.1 0.16 3, 32.5 0.922
BA of pines ≥25.4 cm DBH (m2/ha) 10.4 9.4 11.0 10.9 0.30 3, 33.1 0.827
Hardwood BA (m2/ha) 1.7 2.8 1.8 2.0 0.37 3, 30.4 0.776
Pine DBH (cm) 35.0 33.9 33.8 34.3 0.01 3, 34.0 0.998
Hardwood DBH (cm) 9.4 11.4 12.4 11.5 0.78 3, 34.5 0.516
Conifer canopy cover (%) 46.6 49.9 50.8 45.3 0.39 3, 31.8 0.759
Hardwood canopy cover (%) 15.3 3.0 16.4 20.5 1.68 3, 33.1 0.191

604 Eur J Wildl Res (2008) 54:601–608



Hanula and Franzreb 1998, New and Hanula 1998).
Specifically, they suggested that much of the arthropod
biomass found on pine bole surfaces were dependent on the
soil-litter layer of the forest community. Therefore, leaf
litter, through effects on the arthropod community, may
influence RCW demographics.

We observed groups with helpers used areas with greater
woody cover during winter than groups without helpers
(Table 4). Several species in our study area such as pines,

junipers, American hollies, and sweetbays contributed to
woody cover during winter. Diet studies have found various
fruits are important to RCWs in seasons other than spring
(Beal 1911, Beal et al. 1916, Hess and James 1998). Several
fruits such as wax-myrtle (Morella cerifera), odorless wax-
myrtle (Morella inodora), bayberry (Morella caroliniensis),
blueberry (Vaccinium spp.), sweetbay, southern magnolia
(Magnolia grandiflora), poison ivy, pine, black cherry,
and blackgum have been observed in RCW diets (Beal

Table 3 Comparison of overstory foraging habitat characteristics for red-cockaded woodpecker groups in southern Arkansas and northern
Louisiana during 1999–2001

Overstory characteristic Presence of helpers Group nesting success

With Without t df P Successful Failed t df P

BA of pines 9.0–25.4 cm DBH (m2/ha) 3.1 1.5 1.47 18 0.158 2.6 1.8 0.68 18 0.505
BA of pines ≥25.4 cm DBH (m2/ha) 12.4 8.9 2.44 18 0.026 9.9 12.2 −1.39 18 0.183
Hardwood BA (m2/ha) 2.4 2.1 0.31 18 0.760 2.6 1.6 1.04 18 0.312
Pine DBH (cm) 35.2 32.9 0.58 18 0.572 34.3 33.6 0.15 18 0.882
Hardwood DBH (cm) 11.8 11.7 0.01 18 0.992 11.9 11.6 0.15 18 0.886
Conifer canopy cover (%) 58.2 38.4 3.82 18 0.001 47.2 50.4 −0.44 18 0.666
Hardwood canopy cover (%) 20.6 14.2 0.76 18 0.455 19.2 14.0 0.60 18 0.559

Table 4 Comparison of understory foraging habitat characteristics for red-cockaded woodpecker groups in southern Arkansas and northern
Louisiana during 1999–2001

Understory characteristic Season Presence of helpers Group nesting success

With Without t df P Successful Failed t df P

Profile board cover 0.0–0.5 m (%) Annual 43.5 31.2 1.17 18 0.258 40.9 30.7 0.91 18 0.375
Profile board cover 0.5–1.0 m (%) Annual 46.1 37.8 0.79 18 0.440 46.2 34.1 1.12 18 0.279
Profile board cover 1.0–1.5 m (%) Autumn 50.2 28.5 1.55 14 0.144 44.9 29.9 0.99 14 0.338

Winter 37.6 18.5 1.31 12 0.215 26.2 31.3 −0.31 12 0.760
Spring 54.7 39.4 1.29 17 0.214 50.1 42.9 0.56 17 0.580
Summer 55.3 70.9 −1.64 17 0.119 65.9 58.4 0.69 17 0.499

Profile board cover 1.5–2.0 m (%) Autumn 60.5 47.9 1.09 14 0.296 60.9 43.0 1.55 14 0.144
Winter 46.5 33.3 0.85 12 0.411 39.6 40.4 −0.05 12 0.961
Spring 74.1 59.6 1.43 17 0.170 70.9 61.0 0.91 17 0.375
Summer 73.3 83.8 −1.30 17 0.210 79.9 76.5 0.38 17 0.712

Number of stems (no/2 m2) Annual 2.3 1.2 1.72 18 0.102 1.9 1.5 0.71 18 0.490
Liter depth (cm) Annual 3.4 2.4 2.85 18 0.011 2.9 2.9 0.04 18 0.967
Leaf litter cover (%) Annual 89.8 75.8 3.36 18 0.003 83.4 81.8 0.29 18 0.773
Grass–sedge cover (%) Annual 23.5 34.0 1.43 18 0.170 31.6 23.4 1.03 18 0.319
Forb cover (%) Autumn 7.6 9.3 −0.55 14 0.593 9.4 6.8 0.83 14 0.423

Winter 5.9 4.5 0.87 12 0.402 6.0 3.7 1.38 12 0.193
Spring 13.4 13.6 −0.03 17 0.974 15.9 9.4 1.61 17 0.126
Summer 13.9 17.4 0.62 17 0.543 17.2 12.6 0.74 17 0.469

Woody debris cover (%) Annual 15.3 19.6 1.27 18 0.220 18.2 16.1 0.55 18 0.589
Vine cover (%) Autumn 12.0 4.0 3.27 14 0.006 9.2 6.1 0.97 14 0.351

Winter 4.5 3.0 1.55 12 0.148 3.7 3.8 −0.14 12 0.894
Spring 16.6 9.1 1.94 17 0.069 13.6 12.2 0.31 17 0.758
Summer 17.3 11.1 1.46 17 0.164 14.6 12.8 0.35 17 0.728

Woody cover (%) Autumn 10.6 6.1 1.56 14 0.142 16.2 15.9 0.07 14 0.944
Winter 19.2 12.9 2.26 12 0.043 7.6 9.7 −0.87 12 0.399
Spring 25.4 19.8 1.15 17 0.268 23.9 20.9 0.58 17 0.572
Summer 21.3 24.5 −0.62 17 0.541 23.9 21.0 0.58 17 0.605
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et al. 1916, Ligon 1970, Baker 1971, Nesbitt et al. 1978,
Hooper and Lennartz 1981, Hess and James 1998). Also,
we observed groups with helpers used areas with greater
autumn vine cover than groups without helpers (Table 4).

Blackberry, greenbrier, and poison ivy were the most
common vine species in our study area; perhaps, theses
species also contributed to the seasonal ingestion of fruits
by RCWs.

Table 5 Pearson correlations among number of eggs laid, number of hatchlings, and number of fledglings and overstory foraging habitat
variables for red-cockaded woodpecker groups in southern Arkansas and northern Louisiana during 1999–2001

Overstory characteristic Eggs Hatchlings Fledglings

r n P r n P r n P

BA of pines 9.0–25.4 cm DBH (m2/ha) 0.09 20 0.703 0.14 20 0.564 0.32 20 0.171
BA of pines ≥25.4 cm DBH (m2/ha) −0.08 20 0.745 −0.26 20 0.264 −0.26 20 0.259
Hardwood BA (m2/ha) −0.16 20 0.491 −0.03 20 0.899 0.15 20 0.528
Pine DBH (cm) 0.05 20 0.845 0.01 20 0.978 −0.08 20 0.725
Hardwood DBH (cm) −0.59 20 0.006 −0.33 20 0.163 −0.02 20 0.930
Conifer canopy cover (%) 0.10 20 0.674 0.02 20 0.926 0.09 20 0.705
Hardwood canopy cover (%) −0.36 20 0.122 −0.18 20 0.458 −0.02 20 0.937

Table 6 Pearson correlations among number of eggs laid, number of hatchlings, and number of fledglings and understory foraging habitat
variables for red-cockaded woodpecker groups in southern Arkansas and northern Louisiana during 1999–2001

Overstory characteristic Eggs Hatchlings Fledglings

r n P r n P r n P

Profile board cover 0.0–0.5 m (%) −0.16 20 0.511 0.02 20 0.929 0.15 20 0.528
Profile board cover 0.5–1.0 m (%) −0.16 20 0.512 0.02 20 0.944 0.19 20 0.424
Profile board cover 1.0–1.5 m (%)
Autumn 0.32 16 0.225 0.18 16 0.517 0.21 16 0.436
Winter 0.08 14 0.783 0.02 14 0.951 −0.05 14 0.869
Spring −0.01 19 0.963 0.01 19 0.961 0.26 19 0.292
Summer −0.14 19 0.556 0.05 19 0.835 0.12 19 0.620
Profile board cover 1.5–2.0 m (%)
Autumn 0.29 16 0.277 0.19 16 0.479 0.24 16 0.368
Winter −0.03 14 0.910 0.00 14 0.996 0.00 14 1.000
Spring −0.09 19 0.712 0.09 19 0.705 0.29 19 0.227
Summer −0.06 19 0.811 0.09 19 0.729 0.12 19 0.635
Number of stems (no/2 m2) −0.16 20 0.503 −0.08 20 0.762 0.16 20 0.502
Liter depth (cm) −0.02 20 0.949 −0.08 20 0.752 0.18 20 0.448
Leaf litter cover (%) −0.16 20 0.491 0.09 20 0.706 0.18 20 0.454
Grass–sedge cover (%) 0.28 20 0.228 0.21 20 0.372 0.23 20 0.327
Forb cover (%)
Autumn −0.54 16 0.033 −0.09 16 0.729 0.11 16 0.699
Winter −0.46 14 0.096 −0.11 14 0.702 0.33 14 0.253
Spring 0.04 19 0.873 0.20 19 0.423 0.09 19 0.722
Summer 0.09 19 0.713 0.19 19 0.442 0.02 19 0.949
Woody debris cover (%) 0.10 20 0.665 0.13 20 0.585 0.17 20 0.478
Vine cover (%)
Autumn 0.36 16 0.177 0.35 16 0.191 0.33 16 0.216
Winter 0.01 14 0.978 −0.18 14 0.532 0.18 14 0.539
Spring 0.25 19 0.296 0.30 19 0.213 0.10 19 0.675
Summer 0.42 19 0.072 0.47 19 0.044 0.16 19 0.517
Woody cover (%)
Autumn 0.32 16 0.226 −0.06 16 0.831 0.06 14 0.837
Winter 0.02 14 0.959 −0.24 14 0.401 −0.09 14 0.756
Spring 0.06 19 0.818 −0.03 19 0.892 0.21 19 0.393
Summer −0.14 19 0.565 −0.04 19 0.887 0.22 19 0.377
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Forest understory habitat variables are related to arthro-
pod community characteristics (Hanula et al. 1997, Hanula
and Franzreb 1998, New and Hanula 1998, Hanula et al.
2000) and RCW reproduction (Hardesty et al. 1997, James
et al. 1997, Davenport et al. 2000, James et al. 2001).
However, the exact nature of the relationship (i.e., the role
of herbaceous vegetation) is unclear and results of studies
are conflicting. For example, we found autumn forb cover
was inversely correlated with number of eggs laid, but
Hardesty et al. (1997) found a positive correlation between
number of eggs laid and forb cover. However, Hanula et al.
(2000) found number of herbaceous genera and herbaceous
stems/m2 were not correlated with arthropod abundance or
biomass. Hermann et al. (1998) found forest stands burned
in May had greater herb cover and greater arthropod
abundance but New and Hanula (1998) found an inverse
relationship between arthropod biomass and percent herba-
ceous cover. We also observed a correlation between
number of hatchlings and summer vine cover (Table 6).
However, Hardesty et al. (1997) noted no impact from vine
cover. James et al. (1997) found number of adults and
fledglings was positively related to wiregrass (Aristida
stricta) cover but we found no relationship between
reproductive parameters and grass–sedge cover (Table 6).
However, though not statistically significant, 53.8% of
successful RCW groups used foraging areas with ≥40%
herbaceous cover as recommended by the RCW recovery
plan (USFWS 2003), but only 28.6% of unsuccessful
groups met the guidelines.

Though various understory components have been
identified as important, our results and the results of other
studies (Hardesty et al. 1997, James et al. 1997, Hermann
et al. 1998, James et al. 2001) suggested foraging habitat
recommendations should include understory conditions.
The recovery plan recommends ≥40% herbaceous cover
in the understory of RCW foraging stands (USFWS 2003).
However, other understory components such as leaf litter,
vine, and woody cover are influential as well. Specifically,
vines and woody shrubs that produce soft mast may be
important, especially during autumn and winter. Therefore,
additional research is needed to clarify the interrelationships
between RCW reproduction, forest stand characteristics,
and the arthropod community.
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