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AVIAN COMMUNITY RESPONSE TO SOUTHERN PINE
ECOSYSTEM RESTORATION FOR
RED-COCKADED WOODPECKERS

RICHARD N. CONNER,"* CLIFFORD E. SHACKELFORD,'?
RICHARD R. SCHAEFER,' DANIEL SAENZ,! AND D. CRAIG RUDOLPH'

ABSTRACT—The effects of Red-cockaded Woodpecker (Picoides borealis) management on nontarget birds
is not widely known. Intensive management for pine specialists such as the Red-cockaded Woodpecker may
negatively impact both Nearctic-Neotropical and Temperate Zone migrants associated with hardwood vegetation.
To evaluate possible positive and negative associations, we surveyed avian communities from 1995-1997 using
point counts within managed Red-cockaded Woodpecker cavity tree clusters and mature forest control sites in
longleaf pine (Pinus palustris) and loblolly (P. taeda)-shortleaf (P. echinara) pine habitats. In general, sites
managed for Red-cockaded Woodpeckers supported more diverse and numerous bird populations than mature
forest control sites. During the breeding season in loblolly-shortleaf and longleaf pine habitats, respectively,
species richness was 47% and 23% greater, avian abundance was 57% and 65% greater, and bird species diversity
was 25% and 21% greater within managed Red-cockaded Woodpecker cluster sites than within control sites.
During winter, species richness and avian abundance each were 52% higher within managed Red-cockaded
Woodpecker cluster sites than control sites in loblolly-shortleaf pine habitat. Received 30 January 2002, accepted

12 August 2002.

Studies in Texas and across the southeastern
United States have indicated that many Red-
cockaded Woodpecker (Picoides borealis) pop-
ulations on national forest lands declined dur-
ing the 1980s (Conner and Rudolph 1989, Cos-
ta and Escano 1989) and 1990s (U.S. Dept. of
Agriculture 1995), although a few have in-
creased (Hooper et al. 1991, Richardson and
Stockie 1995). In an effort to stabilize and re-
cover populations of this endangered wood-
pecker, the U.S. Forest Service initiated habitat
management to restore southern pine ecosys-
tems and provide vegetative and landscape
conditions more suitable for the woodpecker
on national forests throughout the southeastern
United States (U.S. Dept. of Agriculture 1995).
An integral part of this new management di-
rection is the restoration of pine ecosystems
with a grass-forb herbaceous layer and reduc-
tion of hardwood mid- and understory vege-
tation within Red-cockaded Woodpecker habi-
tat management areas through mechanical re-
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moval of encroaching hardwood midstory and
an aggressive prescribed fire program.

The Red-cockaded Woodpecker is a coop-
eratively breeding species indigenous to the
southeastern United States (Conner et al.
2001). Young woodpeckers, typically males
from previous broods, often remain with the
breeding pair and assist in subsequent nesting
efforts by feeding and incubating young, ex-
cavating cavities, and helping to defend the
group’s territory (Ligon 1970, Lennartz et al.
1987, Walters et al. 1988, Conner et al. 2001).
An aggregation of cavity trees, termed the
cavity tree cluster, is defended by a group of
woodpeckers.

Throughout the eastern and western United
States, populations of many species of Nearc-
tic-Neotropical migrant birds appear to be suf-
fering long term declines (Whitcomb et al.
1981, Ambuel and Temple 1983, Robbins et
al. 1989). Declines of some Nearctic-Neotrop-
ical migratory birds may be related to in-
creased nest predation and Brown-headed
Cowbird (Molothrus ater) nest parasitism
(Gates and Gysel 1978, Whitcomb et al. 1981,
Wilcove 1985, Small and Hunter 1988, Ter-
borgh 1989). Extensive opening and thinning
of the forest associated with Red-cockaded
Woodpecker management could increase the
apparent edge as perceived by Brown-headed
Cowbirds. Nest parasitism and predation rates
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appear to be greater in edge habitats than in
forest interiors (Gates and Gysel 1978, Tem-
ple and Cary 1988).

Concern over declining populations of
many Nearctic-Neotropical migrant birds re-
cently has intensified and programs to deter-
mine causes and reverse declines have been
sought (Keast and Morton 1980, Hagan and
Johnston 1992, Finch and Stangel 1993). Ef-
fects of Red-cockaded Woodpecker manage-
ment on sensitive species such as Bachman’s
(Aimophila aestivalis) and Henslow’s (Am-
modramus henslowiiy sparrows and South-
eastern American Kestrels (Falco sparverius
paulus) are of concern to managers. Hunter et
al. (1994) predicted that management for Red-
cockaded Woodpeckers and other southern
pine specialists would benefit these generally
rare species. They also concluded that man-
agement that promotes hardwoods within
longleaf (Pinus palustris) and loblolly (P. tae-
da)-shortleaf (P. echinata) pine stands is
largely detrimental to pine specialists and pro-
vides little benefit to Nearctic-Neotropical mi-
grants associated with hardwood forests.
Many Nearctic-Neotropical migrants are
known to be positively associated with hard-
wood mid- and understory foliage (Conner
and Adkisson 1975; Conner et al. 1979, 1983;
Dickson et al. 1993a). Removal or reduction
of these components of forest structure has the
potential to greatly reduce species that depend
upon hardwood foliage for nesting and for-
aging in both the mid- and understory layers.

Alternatively, restoration of an open grass-
forb herbaceous layer may provide suitable
habitat for increases of avian species that have
been reduced in numbers by past exclusion of
fire, such as the Northern Bobwhite (Colinus
virginianus; Brennan 1991). Bowman et al.
(1999) noted numerous benefits of Red-cock-
aded Woodpecker management for some
game species; white-tailed deer (Odocoileus
virginianus) benefited from increased forage
production, Wild Turkey (Meleagris gallopa-
vo) hens benefited from improved nesting
habitat and increased soft mast production,
and Northern Bobwhites benefited from in-
creases in herbaceous ground cover, arthro-
pods, and native legumes, which improved
nesting and foraging habitat quality.

The relationships between management of
woodpecker clusters and both Nearctic-Neo-
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tropical migrants and resident bird populations
are not precisely known. Preliminary results
from a one-season study in loblolly pine hab-
itat in Mississippi during winter suggest that
avian species richness and abundance were
greater in managed woodpecker clusters than
in control areas (Brennan et al. 1995). Wilson
et al. (1995) indicated that some ground-nest-
ing birds in shortleaf pine forests in Arkansas
were more abundant in untreated forest than
in sites thinned and burned for Red-cockaded
Woodpeckers. However, restoration of shor-
tleaf pine-grassland communities appeared (o
favor some Nearctic-Neotropical migrants
such as Eastern Wood-Pewees (Contopus vi-
rens) and Prairie Warblers (Dendroica discol-
or). Plentovich et al. (1998) suggested that
management for Red-cockaded Woodpeckers
enhances Bachman’s Sparrow habitat. Based
on an analysis of information synthesized
from the literature, Hunter et al. (1994) spec-
ulated that Red-cockaded Woodpecker man-
agement might have a negative stand level im-
pact on some Nearctic-Neotropical migrants,
but such problems would likely not operate at
a larger landscape scale. Breeding Bird Sur-
veys indicated that 86 species of birds (ex-
cluding Nearctic-Neotropical migrants) are
known to use longleaf pine forests where
management regimes of selective harvesting
and growing season fire closely resemble Red-
cockaded Woodpecker management (Engs-
trom 1993).

Because limited information was available
on the relationships between Red-cockaded
Woodpecker management and avian commu-
nities in both loblolly-shortleaf pine and long-
leaf pine habitats, we examined species pres-
ence and relative abundance in both pine hab-
itat types during spring and winter over a 3-
year period. We also examined vegetation
characteristics potentially associated with dif-
ferences among bird communities. In addition
to avian community level relationships, we
explored both the positive and negative asso-
ciations of management with Nearctic-Neo-
tropical migrants, year round residents, and
winter residents.

METHODS
We surveyed avian communities using point, time-
area counts (Reynolds et al. 1980) during the spring
(I May through 15 June) and winter (1 January
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through 15 February) seasons of 1995, 1996, and
1997. We surveyed birds in 20 Red-cockaded Wood-
pecker cavity tree clusters where management had
been implemented recently and in 20 control areas
within 800 m of woodpecker clusters where no addi-
tional management was implemented and hardwood
midstory was present. We randomly selected control
areas by using a hand held spinner to determine a di-
rection to walk from the center of the woodpecker
cluster area. If an appropriate mature forest stand of
similar tree height to the cluster was not found within
800 m, a new random direction was selected. Within
all 20 cavity tree clusters, all hardwoods <20 m from
cavity trees had been removed, all midstory and un-
derstory hardwoods within the entire cluster area had
been mulched, and the clusters had been thinned (over-
story pines were removed) and prescribed burned
within the past five years. Further management in clus-
ter areas and control sites was not conducted during
the study. We evaluated woodpecker cavity tree clus-
ters in both longleaf pine and loblolly-shortleaf pine
habitats. Longleaf pine study areas for woodpecker
clusters and surrounding habitat were located in east-
ern Texas on the southern portion of the Angelina Na-
tional Forest (31° 15" N, 94° 15" W) and loblolly-shor-
tleaf pine study areas were located on the northern
portion of that forest.

We established avian census points for time-area
counts in woodpecker clusters in the geometric center
of cluster areas and at randomly determined points in
control areas. We selected census points in control ar-
eas by walking 100 m into the stand during our walk
from cluster areas. We counted birds weekly at each
census point, six times per season (Reynolds et al.
1980), and we calculated a mean abundance value for
each species at each point per season per year for sub-
sequent analyses. Two observers surveyed all points
on each census day with each observer surveying 10
treatment and 10 control points per day. Bird detec-
tions were recorded upon entrance into the 50-m radius
around the census point to account for birds that may
flush and leave the area and all birds observed or heard
within the circular plot were recorded for a total of 5
min (Hutto et al. 1986). Birds flying above the forest
canopy were not counted. Surveys began at sunrise
and ended <3 h later. We did not survey birds during
heavy or moderate rain or high wind (>19 kph), but
did survey during mist and light drizzle (Conner and
Dickson 1980).

We measured forest structure and tree species com-
position within cavity tree clusters and control areas.
We established an 11.2-m radius plot at each census
point and measured vegetation height, tree density and
basal area of over- and midstory trees, canopy closure,
and horizontal foliage density (MacArthur and Mac-
Arthur 1961) at 1, 2, and 3 m. We estimated grasses
and dicotyledonous/fern ground cover using a 4-cm
diameter tube held vertically (James and Shugart
1970).

We used a Kolmogorov-Smirnov test to evaluate the
distribution of data by scason and treatment (SAS In-
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stitute, Inc. 1988). Data deviated slightly from nor-
mality (0.049 > P > 0.046) in a few instances. Be-
cause skewness and kurtosis were not a problem, we
used parametric analyses to evaluate data as suggested
by Sokal and Rohlf (1969:377). We used two-way
analysis of variance (year X treatment) to compare avi-
an species richness, equitability, and abundance among
treatments during spring and winter (« = 0.05). We
also compared avian abundance for species detected
during spring and winter among habitat treatments us-
ing two-way analysis of variance (year X treatment).
We examined variation in forest structure and vegeta-
tion characteristics among treatments with a one-way
analysis of variance. We used Duncan’s Multiple
Range Test to evaluate specific differences among
treatments because sample size among treatments was
equal. We included 22 species of rarely detected birds
(<10 individuals detected at all points) in calculations
of species richness and equitability, but excluded them
from analyses beyond the community level because of
their low detection rate.

RESULTS

Red-cockaded Woodpecker management
restored vegetation structure to a more open
park-like condition (Table 1). Hardwood basal
area was 97% less in woodpecker cluster areas
than in mature forest control sites. Hardwood
midstory, as measured by hardwood stem den-
sity, also tended to be less (88-100%) in
woodpecker cluster areas than in control sites.
In response to a more open canopy, the ab-
sence of a hardwood midstory layer, and soil
disturbance in cluster areas, woody shrub lay-
er vegetation was 20-140% more abundant in
cluster areas than in control sites. The open-
ness created by the removal of hardwood
midstory also was associated with a 200—
300% increase in the grass component and
concurrent 57-63% decrease in the fern and
dicotyledonous component of the ground cov-
er, suggesting the initial success of manage-
ment in restoring woodpecker clusters to an
open pine ecosystem.

Sites managed for Red-cockaded Wood-
peckers generally supported more abundant
and species rich bird populations than mature
forest control sites (Table 2). During spring,
species richness and avian abundance were
greater within managed Red-cockaded Wood-
pecker cavity tree cluster sites in loblolly-
shortleaf (23, 57, and 25% greater, respective-
ly) and longleaf pine habitats (47, 65, and
21% greater, respectively) than in their re-
spective mature forest control sites. Species
richness and avian abundance each were 52%



Conner et al. « RESPONSE TO RED-COCKADED MANAGEMENT

327

TABLE 1.

Forest vegetation characteristics measured at bird census point-count sites in Red-cockaded

Woodpecker (Picoides borealis, RCW) cavity tree clusters and noncluster control sites in loblolly-shortleaf pine
and longleaf pine forest types during 1995 on the Angelina National Forest in eastern Texas (n = 10 for each
treatment). Values are means (SD). Within each row, values with the same letter are not significantly different
(P > 0.05, one-way ANOVA with Duncan’s Multiple Range Test).

Habitat treatment

Loblolly-
shortleal pine
RCW cluster

Vegetation characteristic

Lobloliy-
shortleat pine
control

Longleaf pine
control

Longleaf pine
RCW cluster

27.4 (1.9
754 (119
73.0 (12.7
19.7 (3.9~
0.1 (0.3
0.1 (0.3

Forest stand height (m)
Forest stand age (year)
Canopy closure (%)

Pine basal area (m¥/ha)
Hardwood basal area (m¥/ha)
Hardwood stems 514 ¢m

Hardwood stems 15-32 ¢m 0.1 (0.3
Foliage density 0—1 m (X100) 14.2 (5.6)*
Foliage density 1--2 m (X100) 5.3 (4.5
Foliage density 2-3 m (X 100) 2.6 2.2)%

19.8 (22.6)#
18.0 (10.1)*

Grass ground cover (%)
Dicot fern ground cover (%)

24.5 (2.6)¢
64.6 (12.2)8

26.2 (297
57.1 (5.8)8

30.2 (2.0)%
63.8 (7.9)¢

82.8 (7.9)» 58.6 (17.0) 75.8 (11.4)»

20.6 (5.6)* 18.5 (5.3)* 13.5 (3.5)®
4.9 (2.4)8 0.1 (0.3)* 3.6 (3.7)®
5.1 (3.2)8 0.0 (0.0)* 2.4 (1.4)¢
0.8 (1.3)88 0.1 (0.3~ 2.9 (4.8)8
6.1 (5.2)8 7.8 (2.4)% 6.5 (3.4)8
2.2 (1.9)8 1.7 (1.9)8 4.1 (4.5
1.0 (0.8)A8 0.8 (0.2)8 2.5 .47
7.0 (12.7)8 27.5 (22.2)» 8.5 (18.0)%

48.0 (24.2)% 30.8 (18.8)A8 72.5 (23.3)¢

greater within managed Red-cockaded Wood-
pecker cluster sites than within control sites
in loblolly-shortleaf pine habitat during win-
ter. We did not detect a significant difference
in species richness, abundance, or equitability

between managed and control sites in longleaf

pine during winter (Table 2). We also did not
detect a relationship between habitat treatment
and avian equitability during either spring or
winter.

Management for Red-cockaded Woodpeck-
ers appeared to benefit many bird species dur-

ing the breeding season. We detected greater
abundances of American Kestrels, Northern
Bobwhites, Red-cockaded Woodpeckers,
Brown-headed Nuthatches (Sitta pusilla), Yel-
low-breasted Chats (Icteria virens), Bach-
man’s Sparrows, and Indigo Buntings (Pas-
serina cyanea) in sites managed for Red-cock-
aded Woodpeckers than in control sites in
both pine cover types (Table 3). Eastern
Wood-Pewees and White-eyed Vireos (Vireo
griseus) were more abundant in managed
woodpecker clusters than in control sites in

TABLE 2.

Spring and winter avian community characteristics summarized from bird census point-count

sites in Red-cockaded Woodpecker (Picoides borealis; RCW) cavity tree clusters and noncluster control sites in
loblolly-shortleaf pine and longleaf pine forest types from 19951997 on the Angelina National Forest in eastern
Texas (n = 30 for each treatment; 10 sites X 3 years). Values are means (SD). Within each row, values with
the same letter are not significantly different (P > 0.05, two-way ANOVA, year X treatment, with Duncan’s
Multiple Range Test).

Habitat treatment

Lobloily- Loblolly-
Avian community shorteal pine shortleal pine Longleaf pine Longleaf pine
characteristic RCW cluster control RCW cluster control
Spring
Species richness 10.3 (3.5 7.0 (2.8)8¢ 7.2 (2.6)8 5.7 (2.7

Avian abundance (no.) 31.5 (1420 20.1 (8.8)® 22.0 (11.5)8 13.3 (10.2)¢

Equitability (J') 0.9 (0.1 0.8 (0.1 0.9 (0. 0.9 (0.2)*
Winter

Species richness 8.2 (3.0)* 3.4 (2.5 6.7 (3.0)*8 6.8 (3.0)8

Avian abundance (no.) 42.3 274 27.9 (23.4)" 30.3 (23.6)8 25.8 (25.9)8

Equitability (") 0.8 (0.2)* 0.7 (0.2 0.8 (0.1 0.8 (0.1)*
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TABLE 3.

Mean number of birds detected per trip during spring summarized from bird census point-count

sites in Red-cockaded Woodpecker (Picoides borealis; RCW) cavity tree clusters and noncluster control sites in
loblolly-shortleaf pine and longleaf pine forest types from 1955-1997 on the Angelina National Forest in eastern
Texas (n = 30 for each treatment; 10 sites X 3 years). Values are means (SD). Within each row, values with
the same letter are not significantly different (P > 0.05; two-way ANOVA, year X treatment, with Duncan’s

Multiple Range Test).

Species

Habitat treatment

Loblolty-
shortleaf pine
RCW cluster

Loblotly-
shortleaf pine
control

Longleaf pine
RCW cluster

Longleaf pine
control

Year round residents

Wood Duck (Aix sponsa)

American Kestrel (Falco sparverius)

Northern Bobwhite (Colinus virginianus)
Mourning Dove (Zenaida macroura)
Red-bellied Woodpecker (Melanerpes carolinus)
Hairy Woodpecker (Picoides villosus)
Red-cockaded Woodpecker (Picoides borealis)
Pileated Woodpecker (Dryocopus pileatus)
Blue Jay (Cyanocitta cristata)

American Crow (Corvus brachyrhynchos)
Carolina Chickadee (Poecile carolinensis)
Tufted Titmouse (Baeolophus bicolor)
Brown-headed Nuthatch (Sitra pusilla)
Carolina Wren (Thryothorus ludovicianus)
Pine Warbler (Dendroica pinus)

Northern Cardinal (Cardinalis cardinalis)
Bachman’s Sparrow (Aimophila aestivalis)

Nearctic-Neotropical migrants and summer residents
Yellow-billed Cuckoo (Coccyzus americanus)
Eastern Wood-Pewee (Contopus virens)
Great Crested Flycatcher (Myiarchus crinitus)
White-eyed Vireo (Vireo griseus)

Red-eyed Vireo (Vireo olivaceus)
Wood Thrush (Hylocichla mustelina)
Hood Warbler (Wilsonia citrina)
Yellow-breasted Chat (Icteria virens)
Summer Tanager (Piranga rubra)
Blue Grosbeak (Passerina caerulea)
Indigo Bunting (Passerina cyanea)

0.33 (1.0)» 0.07 (0.4H*8 0.03 (0.2)® 0.0 (0.0)
0.03 (O.2* 0.0 0. 0.23 (0.8 0.0 (0.0)
0.03 (0.2 0.0 (0.0) 0.20 (0.6) 0.0 (0.0)
0.33 (0.9 0.10 (0.4 043 (0.8)* 0.03 (0.2)"
0.33 (0.6 0.27 (0.6)*  0.33 (0.6)* 0.13 (0.4)"
0.17 (0.5 0.03 (0.2  0.03 (0.2)* 0.03 (02"
247 G.0* 00302 23727 00 OO
0.13 (0.3* 0.10 (0.3*  0.10 (0.3)» 0.03 (0.2)*
0.47 (0.9 0.06 (0.9 1.07 (1.0)* 1.10 (1.4)%
0.23 (0.7 053 (1. 077 (1.5 0.30 (0.7
0.83 (1.3)» 087 (1.2  0.13 (0.3)% 0.40 (0.7)*8
0.37 (0.8 0.60 (0.9 0.0 (0.0) 057 (1.2
2.57 (2.5% 023 (0.6 3.0 (3.3)% 023 (0.9
1.53 (1.6)* 1.60 (1.4 097 (1.5 1.33 (1.4)»
8.53 (3.7 8.10 3.7 520 (3.2)% 390 (3.2)"
240 (2.3 217 (1.8)*F  0.87 (1.9)% 237 (4.00*
0.83 (1.3 0.0 (0.0) 1.63 (1.8)8 0.0 (0.0
0.10 (0.3 0.23 (0.5  0.06 (0.3)* 0.13 (0.3)*
0.63 (1.1)* 0.10 (0.3)* 0.0 (0.0) 0.07 (0.2)"
0.00 (0.0 0.07 (0.3 0.0 (0.0 0.07 (0.4)*
0.83 (1.3 0.0 (0.0) 0.20 (0.7)® 0.17 (0.5)"
0.63 (1.2)* 180 (1.7)* 0.0 (0.0) 0.330.5»
0.03 0.2 0.17 (0.5 0.0 (0.0) 0.07 (0.4)*
0.40 (0.7 050 (0.9 0.13 (0.4 057 (1.2)»
2.00 (2.6* 0.03 (02 087 (1.9¢ 0.0 (0.0
0.96 (1.2 123 (1.6)»  0.13 (048 0.73 (0.9
0.10 (0.4) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
3.50 @2 013 (03 2.87 (2.5 040 (0.7)8

loblolly-shortleaf pine habitat. Blue Gros-
beaks (Passerina caerulea) were detected
only in managed loblolly-shortleaf pine habi-
tat. A few species had a negative relationship
with Red-cockaded Woodpecker management:
the Great Crested Flycatcher (Myiarchus crin-
itus), Red-eyed Vireo (Vireo olivaceus), Tuft-
ed Titmouse (Baeolophus bicolor), Wood
Thrush (Hylocichla mustelina), Summer Tan-
ager (Piranga rubra), and Northern Cardinal
(Cardinalis cardinalis). Abundances of at
least eight breeding bird species did not ap-
pear to be related to woodpecker management.

During winter in loblolly and shortleat pine

we detected greater abundances of Wood
Ducks (Aix sponsa), American Kestrels, Red-
bellied Woodpeckers (Melanerpes carolinus),
Red-cockaded Woodpeckers, Pileated Wood-
peckers (Dryocopus pileatus), Carolina Chick-
adees (Poecile carolinensis), Brown-headed
Nuthatches, Golden-crowned Kinglets (Regu-
lus satrapa), Pine Warblers (Dendroica pi-
nus), and Chipping Sparrows (Spizella pas-
serina) within managed sites than within con-
trol sites (Table 4). Only Blue Jays (Cyano-
citta cristata), Yellow-bellied Sapsuckers
(Sphyrapicus varius; longleaf pine only), and
Hermit Thrushes (Catharus guttatus) were de-



329

Conner et al. * RESPONSE TO RED-COCKADED MANAGEMENT

v(0'02) 099 wWT6l) €LL V(I'LD €€79 wTrD) 069 (SusL S21oNPAD)Y) YOUYPIOD) UBDLISWY
NCrIRIIN! v9°2) 00°1 W20 €50 w(9°¢) 09°1 (syypwaky odunp) odung pake-yreQq
W87 €60 WS) €v'1 w(L'0) €10 w(8'1) 08°0 (8171001910 PIYILIOUOZ) MOLIRDS PIIBOIYI-IYM

0w 00 w(£°0) 900 00) 00 (€0 01°0 (puriassod vjaz1ds) moredg Suiddiy)
w61 01T wED €l w81 €¢'1 w6 D) LETT (p110.402 PI104PUA(T) IDIQIBA PIAWNI-MO[[DL
w(€°0) €170 V(S D 0v°0 Vv(L'0) LTO w(€°0) €170 ($NLLOIDASIUL SAPIAL) UIGOY UBDLIDWLY
a(L°0) €€°0 w€'0) LOO v(€'0) 0170 00) 00 (smpyns snapyIn2) Ysnayy, Huap
v(7'0) LO0 00 00 00 00 VL) LEo (syo1s pyvIS) pugan|g uIAsey
WD LY av(T'1) 060 a(0'1) 0L°0 av(9°1) 0T'1 (vppuaipy snn3ay) 12[BUry] paumoId-Kqny
a(S°0) L1°0 a(T0) €00 alL0) LT0 V(L T) 0870 (pdp.ups snn3ay) 12[ULS] PAUMOI>-UIP[OD)
(€0 LO0 w(€0) LOO v(§°0) 0T°0 vy 0) LT°O (2qa0yd snuofog) 2qa0yd wIdIsE
a(0'1) 0L°0 w(§'0) 0£°0 w€'0) €10 w(#'0) L1°0 (snuwa snoidpadyds) sonsdeg pai[aq-moqPL
SJUDPISAL IoJuIM pue sueaSiu suoz deiaduia],
00 00 (T0) €00 00 00 (©00) 00 (syypansap vpydowry) mouedg s urwyorg
vt D €670 (o) €170 v(6'0) 050 v(6'0) £9°0 (S1PUIPADD SYDUIPADY) [RUIPIE]) UIDYLON
H6'P) 09°L 5(6'%) £9'8 a($'8) 00°¢1 VETD LY LT (smund p2104pUI(T) ID[QIRA SUld
V(I 06°0 +w(8°0) 050 VP 1) €0°1 NN (snupdIAOpN] SNIOYIOLLY ) USIA\ BUIOIRD)
a(l°1) LSO WD) o€ a(L°0) €€°0 w97 ov'¢ (oppisnd p1Ig) YoYREYIAN PIpRaY-uMmOLg
av(L0) 0F°0 a(9°0) €2°0 av(9°0) LEO V(1D €L°0 (10j021q snydojoang) ssnount], pOYnL
a(1°D LSO a(0'1) 09°0 a7 1) €L°0 w(8°1) €671 ($15U21JOUDD 3]1D20d) IPVAIIYD BUIOILD)
av(6°0) 0£°0 a(S1) €L°0 w(§'0) 020 +(€£°0) 900 (S0Y2USHLYIDAG SNALO)) MOID UBDLIDWY
a(6'0) €+°0 00 00 v(#'0) LO0 v(#'0) 90°0 (mppsiao puoounsy) Aer anig
a(£°0) 01°0 a(€°0) 01°0 a(£°0) 01°0 V(L'0) LED (smvapid sndo>odsy) 1oxoadpoop pajes|id
a(C'0) €00 v9'D) €6'1 00 00 WS €T (s1yp2.40q sap1021d) 19>3dpOOA) POPENO0O-PIY
vir'0) €170 oo 00 00 00 v(€'0) LOO (snsoqpia saproo1 ) 1oxoadpoopy, Asey
a($°0) L0 v(6'0) L90 0o 00 av(0'D) 09°0 (snupjoano sadiaupjapy) 1oxsadpoop paL[[eq-pay
v(L'0) L1°0 v(§'0) €170 00 00 00 00 (DanoLoDW DPIPUIZ) SAOC] FUILINOIN]
00 00 (€0 01°0 00 00 +(§°0) 020 (snuaaivds 0o[1,]) [2ASIY UedLIBWY
00 00 v(P0°0) LOO 00 00 v(7'0) LOO (psuods x1y) you( poom
SIUDPISII PUNOL IBIX
[onuos 12800 MDY [0RU0d I8N0 MDY saadg
aud jeo3uo aud JeaSuon auid Jeapuoys auid
-A1101907 -A1101907]

USUIRAN QR

‘1591, 93uey opdnin s.ueoun( YIm ‘JuaUNEAn X 1K ‘YAONVY A2M-0M1 500 < d)

1USI01JIP A[IUBOLIUSIS JOU OI8 J91I9] JUILS AUl YIA SON[BA ‘MO yorD UM ((IS) SUBSW OIB SanIRA "(SIBAA € X S2MIS ()] ‘JUDUNER2N) YOBd I0] () = U) SEXI[ UI2ISed
Ul 15210, [BUONEN BUI[ASUY oYl U0 /661-S661 woll sadKy 1sa10] sutd jeojSuol pue surd jeapiioys-A[[o[qo} Ul $9)IS [01UOD JAISO[OUOU PUR SISISA[O 331 A1IABD (MDY
S1JDa40q $aP10214 ) 1NOIAPOOA, PIPENO0DI-PaY Ul $a11s unod-juiod $nsuad paiq woay pazuewwns uia Suump din 1od p21oo1ap spilq Jo Joquinu uBdlN b AT9V.L




330

tected less often in managed sites than in con-
trol sites during winter. Twelve bird species
appeared to have no relationship with wood-
pecker management during winter.

DISCUSSION

Management for Red-cockaded Woodpeck-
ers, which included hardwood removal from
around cavity trees, mulching of midstory and
understory vegetation, overstory pine thin-
ning, and prescribed fire, altered forest struc-
ture primarily in the midstory, understory, and
herbaceous layers. Soil disturbance and reduc-
tion of hardwood midstory foliage and thin-
ning of the canopy, which increased light pen-
etration close to the ground, apparently per-
mitted an increase in the density of woody
shrubs and grasses. The abundance of species
such as Indigo Buntings and Yellow-breasted
Chats during the breeding season was asso-
ciated with increases in shrub layer woody
vegetation, as would be expected based on re-
sults of previous studies (Conner et al. 1983;
Dickson et al. 1984, 1993b; Conner and Dick-
son 1997). Consistent with Powell et al.
(2000), we found no statistical evidence that
habitat management for Red-cockaded Wood-
peckers was negatively associated with Wood
Thrush abundance. The abundance of Ameri-
can Kestrels, Bachman’s Sparrows, and
Northern Bobwhites, as observed by Wilson
et al. (1995), likely are associated with the
increase in grasses in the herbaceous layer and
the arthropod populations the grasses sup-
ported (Collins et al. 2002). The greater abun-
dance of Brown-headed Nuthatches and Red-
cockaded Woodpeckers within managed sites
likely is associated with these species appar-
ent avoidance of hardwood vegetation (Con-
ner et al. 1983, Conner and Rudolph 1989,
Loeb et al. 1992). Brown-headed Nuthatches
also are known to respond favorably to thin-
ning of loblolly pine plantations (Wilson and
Watts 1999).

The observed increase in breeding bird spe-
cies richness and abundance in both loblolly-
shortleaf and longleaf pine habitats appears to
be the community level result of the collective
positive relationship of individual species with
the increase in shrub layer vegetation and
grasses associated with Red-cockaded Wood-
pecker management. Open forest habitat cre-
ated by Red-cockaded Woodpecker manage-
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ment in both longleaf and loblolly-shortleaf
pine types appears to provide habitat for many
mature forest bird species but also permits the
presence of some shrub-associated bird spe-
cies during the breeding season.

Gates and Gysel (1978) suggested that in-
creased openness of forest habitat might in-
crease the rate of nest parasitism by Brown-
headed Cowbirds, a distinct possibility in for-
est habitat in close proximity to agricultural
lands. During 3 years of study, we detected
Brown-headed Cowbirds only twice in one of
the habitat treatments, a managed Red-cock-
aded Woodpecker cluster in loblolly-shortleaf
pine habitat. most likely because agricultural
areas were not a significant component of the
overall forest landscape.

A positive community level response was
detected only in loblolly-shortleaf pine habitat
during winter; we did not detect any com-
munity level relationships of woodpecker
management in longleaf pine habitat during
winter. The observed increases in bird species
richness and abundance in loblolly-shortleaf
pine habitat during winter also may have been
associated with favorable bird response to the
greater presence of grasses and woody shrub
level plants (Conner et al. 1979, Dickson et
al. 1995). Although the Henslow’s Sparrow is
a species of concern known to winter in east-
ern Texas. we did not detect any individuals
during winter surveys in any of the habitat
treatments, which probably reflects the diffi-
culty in detecting this species during point
counts in winter.

Based on our observations, management for
Red-cockaded Woodpeckers appears to have a
negative relationship with only a few avian
species, none of which are of immediate con-
servation concern. Some of the species that
exhibited declines in abundance were com-
mon and ubiquitous species such as Blue Jays
and Northern Cardinals. Reductions in the
abundances of Great Crested Flycatchers,
Red-eyed Vireos, Wood Thrushes, Summer
Tanagers, and Northern Cardinals likely were
associated with the decrease in hardwood fo-
liage in the overstory and midstory. Red-cock-
aded Woodpecker management was positively
associated with many bird species, including
the American Kestrel, Red-cockaded Wood-
pecker, and Bachman’s Sparrow, which are
species of serious regional conservation con-
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cern. Overall, woodpecker management was
associated with an increase in landscape level
biodiversity by adding habitat features needed
by shrub and grass-associated birds.
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