Influence of Ecosystem Restoration for Red-cockaded Woodpeckers
on Breeding Bird and Small Mammal Communities
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Abstract.—Shortleaf pine-bluestem (Pinus echinata Mill.-
Andropogon spp.) restoration for red-cockaded
woodpeckers (Picoides borealis) has been underway for
more than 2 decades on the Ouachita National Forest,
Arkansas. Restoration efforts consist of modifying stand
structure to basal areas similar to presettlement times
and reintroduction of fire. This is accomplished through
midstory and codominant tree removal (wildlife stand
improvement -WSI) and dormant season prescribed fires
on a 3-year cycle. Concern has been expressed about the
influence of this type of management on non-target
species, specifically small mammals and breeding birds.
Control stands (no thinning or fire) were characterized
by closed canopies and dense midstory with little
understory vegetation. WSI-treated stands were
characterized by open canopies, little midstory and an
increase in herbage production by 3-7 fold depending
on whether or not stands had been burned and time
since the stands had been burned. Woody cover after
WSI followed a predictable increase with additional
growing seasons since prescribed fire. Total community
abundance, species richness, and diversity of small
mammal and breeding bird communities were
dramatically increased by restoration. No small
mammal species were adversely affected by restoration
treatments. Pine-grassland obligate songbirds increased
following WSI and many of these showed significant
increases directly attributable to fire. Bird and small
mammal habitat associations are also described.

Introduction

Shortleaf pine (Pinus echinata Mill.) -grassland habitats
were once a prevalent landscape component in the
Ouachita Mountains (Nuttall 1980; Foti and Glenn
1991; Masters et al. 1995). Frequent fire maintained
these woodlands as distinctly open, pine-dominated
communities (Jansma and Jansma 1991; Masters et al.
1995). Fire suppression has led to the replacement of
pine-grassland woodlands with closed canopy pine-
hardwood forest types throughout the southeastern
United States (Waldrop et al. 1992). To improve habitat
conditions for the endangered red-cockaded
woodpecker (see list of common and scientific names
for bird species), the U. S. Forest Service began thinning
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midstory and some codominant pine and hardwood
trees in 1979. This cultural practice, wildlife stand
improvement (WSI), is followed by dormant-season
prescribed fire every 3 years (U.S.D.A. 1985). In the
early 1990s, application of these practices was
broadened to an ecosystem approach for restoration of
the shortleaf pine- bluestem (Andropogon spp.)
community on the Ouachita National Forest.

For landscape and ecosystem restoration, quantitative
knowledge of historical vegetation patterns across the
landscape is essential in order to develop suitable
restoration targets. Historical land use documents such
as General Land Office (GLO) survey notes have
successfully been used to describe presettlement and
settlement landscapes (Cottam 1949, Lorimer 1980, Foti
and Glenn 1991). Analysis of GLO data in the Ouachita
Highlands of Arkansas (Foti and Glenn 1991) and later
in Oklahoma (Kreiter 1995) provided targets for stem
density, basal area and information on tree species
composition for renewal of the pine-bluestem
community.

Birds and small mammals have often been used as
representative taxa to determine vertebrate wildlife
responses to forest management practices (Morrison
1992, Masters et al. 1998). Bird distribution and
abundance is largely determined by vegetation structure
(MacArthur and MacArthur 1961; Wiens 1974; Roth
1976) and plant species composition (Smith 1977; Rice
et al. 1983; Brennan and Morrison 1991). As well,
habitat suitability for small mammals may be altered by
forest management practices that modify primary
production or vegetation structure (Masters et al. 1998).

The relationship between habitat attributes and bird
species richness and abundance has been demonstrated
in a number of forest types (e.g., Karr and Roth 1971;
Willson 1974; James and Wamer 1982; Yahner 1986)
and also for many small mammals (e.g., Dueser and
Shugart 1978; Grant and French 1980; Root et al. 1990;
Tappe et al. 1994). While several studies have examined
bird and small mammal-habitat relations following fire,
none we are aware of have sought to determine
population response and habitat characteristics
important to bird or small mammal species in restored
fire-dependent pine-grassland communities other than
Wilson et al. (1995) and Masters et al. (1998).

Pine-grassland restoration alters plant community
structure and composition that ultimately affect the
breeding bird and small mammal communities. Public
concern has arisen over the impacts of management for
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a single species on other members of the vertebrate
community. Detailed information on population
response and habitat relations in fire-dependent
woodlands is necessary to accurately assess the impacts
of WSI and prescribed fire in woodland restoration and
to determine relative success of efforts. Because
restoration efforts have been underway for a relatively
short period of time, the plant community may be in a
state of transition as additional burning cycles are
accomplished and as the extent of restored stands
increases. Therefore we followed up on our initial efforts
(Wilson et al. 1995) to assess the breeding bird
community. Our objectives were to document relative
abundance in untreated and treated stands and to
determine plant community structural and
compositional attributes that best explained breeding
bird and small mammal abundance.

Materials and Methods
Study Area

Our study stands were within a >60,000-ha area
proposed for pine-bluestem restoration in the west-
central Ouachita Mountains in the Poteau, Mena, and
Cold Springs Ranger districts of the Ouachita National
Forest, Scott County, Arkansas. Topography was
mountainous with numerous east-west trending ridges
and valleys. We initially focused on pine-bluestem
restoration stands with active woodpecker clusters or
evidence of past woodpecker occupation in the vicinity
(Neal and Montague 1991), but restoration efforts have
now expanded outside of previously known cluster sites.
All stands consisted of second-growth forest with a
history of timber management and ranged in size from
14-61 ha. The study area was previously described by
Wilson et al. (1995) and Masters et al. (1996).

Experimental Design

We used a completely randomized experimental design
with 5 treatments replicated >3 times/year over 4 years
for breeding birds and 2 years for small mammals.
Treatments were control (n =14); WSI-no burn (WSL; n
= 14); WS], first growing season postburn (WSIB1; n =
17); WSI, second growing season postburn (WSIB2; n =
14); and WSI, third growing season postburn (WSIB3; n
= 14). In 1992, we randomly chose 12 stands from a list
of treated stands (n = 61), in addition to 3 randomly
chosen control stands. In 1993, all WSI and WSIB3
stands were burned in early spring and therefore,
became WSIB1 stands; WSIB1 became WSIB2, and
WSIB2 became WSIB3. Controls remained the same,
and we added 3 WSI stands for 18 stands sampled in
1993. In 1999 and in 2000, we randomly chose 20
stands each year (4 replications per treatment). The total
number of stands for breeding bird work was 73 and 30
for small mammals. Details of experimental design for
small mammals are found in Masters et al. (1998).
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Bird and Small Mammal Surveys

We quantified relative bird abundance in 1992 and
1993, using 6, 40-m-radius point count plots 130-150
m apart with >90 m between plot centers and stand
boundaries within each stand (Hutto et al. 1986).
Methods, abundance, and frequency data were reported
in Wilson et al. (1995). In 1999 and 2000, we followed
the same methodology except that we sampled 3-point
count plots in each stand. Analysis of previous years
data demonstrated that 3 bird plots adequately
characterized birds of greatest interest and the most
abundant birds in the community.

We quantified small mammals using live traps and
mark-recapture techniques in winter 1992 and 1993 (27
Dec - 4 Jan). We located 80 Sherman live-traps at 15 m
intervals on randomly located parallel transect lines
within each stand. Methods, abundance and trap-nights
of effort were reported by Masters et al. (1998).

Vegetation Composition and Structure

We measured woody species composition and forest
structure in 4 circular, 5-m radius subplots within each
bird point count plot from late May to early June, 1992
and 1993 to examine habitat relationships. The first
subplot was located at bird point count plot center. The
second subplot was placed in a random direction, 30 m
from point count plot center. The remaining 2 subplots
were placed 120° and 240° from the second, and 30 m
from point count plot center.

We determined shrub density by counting all woody
stems 0.5-1.4 m in height within each subplot. We
categorized stems >1.4 m in height into 8 diameter
classes. We recorded all trees, shrubs, and vines within
each subplot by species. We used a 10-factor prism to
estimate conifer and hardwood BA in all years (Avery
1967) at the center of each subplot. We determined
coniferous and deciduous canopy heights by measuring
heights of 5 random overstory trees in each category
with a clinometer. We estimated percent canopy cover
in all years using a spherical densiometer (Lemmon
1957).

We characterized the vertical vegetation profile in 1992
and 1993 with a 10-m pole divided into 1-m segments
at 9 points within each subplot. Points lay 2.5 m apart
along perpendicular lines that intersected subplot center.
We extended the pole vertically through the midstory at
each point. We recorded presence or absence of
deciduous, coniferous, and dead vegetation touching the
pole for each 1-m segment.

We measured herbaceous and woody biomass by the
harvest method (Cook and Stubbendieck 1986) over a
2-week period from late July to early August using 30 1-
m? plots at 30-m intervals along randomized transects in
each stand (after Masters 1991). To avoid bias caused by
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Table 1.—Stand characteristics after Wildlife Stand Improvement (WSI) and growing seasons since burned on

Ouachita National Forest, Arkansas, May 1992 and 1993!

Treatment?
CONTROL WSI WSIB1 WSIB2 WSIB3

Parameter Mean(SE) Mean(SE) Mean(SE) Mean(SE) Mean(SE) D>F

Canopy cover (%) 84.1(1.3) a 65.1(2.8) b 67.9(1.9)b  70.4(1.9)b  69.3(24)b  <0.001
Conifer BA (m?/ha) 19.5(0.4) a 13.5(1.7) ¢ 14.8(1.1)bc  17.3(0.7) ab  16.8(0.9) abc  0.015
Hardwood BA (m?/ha) 6.9(0.3) a 4.4(0.9)ab  3.9(0.9) b 2.6(0.9) b 2.9(1.1) b 0.042
Total BA (m?/ha) 26.4(0.4) a 17.9(1.1) b 18.7(0.9)b  20.0(0.8) b  19.7(1.3)b  <0.001
Pine canopy ht. (m) 19.5(1.0) 18.2(0.9) 20.2(0.7) 20.3(0.9) 19.3(0.9) 0.559
Hdwd canopy ht. (m) 13.7(0.7) 14.8(1.0) 14.7(1.0) 11.5(2.0) 12.2(1.0) 0.308
Tree diversity? 1.4(0.1) 1.1(0.2) 0.8(0.1) 0.7(0.1) 0.6(0.2) 0.072
Tree spp. Richness 9.2(1.4) 6.2(1.3) 5.6(1.0) 5.7(0.8) 5.0(0.9) 0.332
Shrub diversity? 2.6(0.1) b 2.6(0.1) b 2.4(0.1) b 2.8(0.1) a 2.9(0.1) a 0.001
Shrub spp. Richness 33.2(2.9) ab 36.5(3.7) a 249(2.7) b 345(1.5)ab 37.7(1.8) a 0.020

'"Row means followed by the same letter or without letters were not significantly different at the 0.05 level (LSD).
2Control = no treatment; WSI = wildlife stand improvement, no burn; WSIB1 = wildlife stand improvement, first growing
season following burn; WSIB2 = wildlife stand improvement, second growing season following burn; WSIB3 = wildlife stand

improvement, third growing season following burn.
3Shannon-Weaver Diversity Index.

influence from adjacent stands, we did not sample
within 50 m of stand boundaries. We clipped current
year’s growth of all vegetation to <2.5 cm height and
hand separated into grass, sedge, panicum, non-legume
forb, legume, and woody categories. We dried samples to
constant weight at 70° C in a forced-air oven before
weighing. Standing crop data were reported by Masters
et al. (1996). We grouped data into grasslike, forb, and
woody categories for bird and small mammal habitat
analysis.

Data Analyses

We used the Kruskal-Wallis nonparametric test to detect
treatment differences (P < 0.05) in stem densities by
diameter class, basal areas, canopy heights, percent
canopy cover, understory standing crop, and diversity
measures. We analyzed data across years with stand
(vear x treatment) type Il mean square as the error
term, and used the least significant difference (LSD) test
to separate mean ranks (P < 0.05)(Conover and Iman
1981). To further differentiate treatment effects on
breeding bird and small mammal indices of relative
abundance, we used specific orthogonal contrasts to test
for differences between control, WSI, and burned and
unburned stands. To better determine effects of pine-
grassland restoration on breeding bird community, we
grouped species into 3 designations of habitat
occurrence: forest interior, forest edge (including some
open forest species), and pine-grassland (see Wilson et
al. 1995). For community level analysis we calculated
Morisita’s Index of Similarity (after Krebs 1989) to
determine comparative community similarity between
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treatments. Because unequal sampling effort can bias
Morisita’s Similarity indices particularly with small
sample sizes (Krebs 1989), we randomly selected 3
point count plots to discard for 1992 and 1993 to
maintain equal sampling effort among all years in
sampled stands.

We performed canonical correspondence analysis (CCA;
ter Braak 1986, 1987) with the program CANOCO (ter
Braak 1988) to determine the influence of 16
physiognomy and 21 floristic measures derived from
vegetation samples on abundances of 27 bird species
(with > 1 individual/40 ha, Wilson 1994). We used
Pearson product-moment correlations to examine the
relationships of these same physiognomy and floristic
variables with small mammal population and
community parameters because CCA results were
inconclusive (Masters et al. 1998).

Results

Stand Characteristics

Midstory removal (WSI) reduced percent canopy cover,
conifer BA, and total BA (Table 1). Hardwood BA was
lower in burned stands than in controls. Pine canopy
height and hardwood canopy height were similar among
controls and treatments. Shrub diversity (stems <8 cm
dbh) was greatest in WSIB2 and WSIB3 stands. Tree
diversity (stems >8 cm dbh) was similar among
treatments (Table 1). Stand characteristics in 1999 and
2000 were not different than for 1992 and 1993.
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Table 2.—Average woody stem density (stems/ha) after WSI and fire on Ouachita National Forest, Arkansas,

summer 1992 and 1993

Treatment
CONTROL WSI WSIB1 WSIB2 WSIB3
Height class,
diameter class Mean(SE) Mean(SE) Mean(SE) Mean(SE) Mean(SE) P>F
0.5-1.4 m 2,155(432)b  10,638(2,996)a  4,647(1,279)b  11,157(826)a  2,070(1,966)a  <0.001
>1.4 m
<1 cm 1,002(255) ab  784(258) b 94(27) ¢ 478(81) b 1,550(279) a <0.001
1.1-2.5 cm 218(40) a 46(11) b 14(8) ¢ 16(6) ¢ 112(50) ab  <0.001
2.6-8.0 cm 703(57) a 71(17) b 26(5) ¢ 63(30) bc 92(34) bc  <0.001
8.1-15 cm 351(24) a 30(12) b 20(5) b 31(8) b 41(23 b <0.001
15.1-23 cm 114(9) a 42(9) ¢ 70(16) bc 96(19) ab 61(11) be 0.005
23.1-30 cm 115(20) 71(6) 86(16) 95(16) 87(21) 0.548
30.1-38 cm 107(5) 88(17) 93(14) 99(12) 106(19) 0.881
>38 cm 39(4) 43(7) 31(7) 33(7) 34(6) 0.763
Total >1.4m  2,648(231)a  1,175(277) b 434(22) ¢ 910(69) b 2,082(303) a <0.001

"Row means followed by the same letter or without letters were not significantly different at the 0.05 level (LSD).

2Control = no treatment; WSI = midstory removal within the past 2 years and no burning of downed trees; WSIB1 = midstory
removal, late winter prescribed burn, in first growing season; WSIB2 = midstory removal, late winter prescribed burn, in
second growing season; WSIB3 = midstory removal, late winter prescribed burn, in third growing season.

Density of woody stems <1.4 m increased in WSI stands
as a result of sprouting (Table 2). Stem densities in all
categories from 1.1-23.0 cm dbh decreased (P < 0.05)
following WSI. The application of fire following WSI
reduced stem densities for all diameter classes <8 cm
dbh (P < 0.05). However, stem densities 0.5-1.4 m in
height increased in WSIB2 and WSIB3 compared to
controls (Table 2). Fire did not affect densities of stems
>8 cm dbh.

In the vertical profile, WSI reduced total vegetation in all
levels 1-10 m (Figure 1). Wildlife stand improvement
reduced occurrence of conifers up to 6 m and reduced
hardwood occurrence in the 1-9 m strata (P < 0.05).
Dead vegetation increased from 0-1 m in all treated
stands. Fire reduced occurrence of hardwoods and slash
from 0-1 m and conifers from 1-3 m. By the third
season postburn, hardwood vegetation from 0-3 m
increased, largely from resprouting oaks and hickories

(Figure 1).

Wildlife stand improvement increased standing crop of
grasslikes, forbs, and woody vegetation <1.4 m by 3-7
fold depending on whether the stand had been burned
and the time since burned (Masters et al. 1996). Woody
shrubs initially decreased following fire, but became the
dominant component of the understory by the third
season postburn (Masters et al. 1996).
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Breeding Bird Response

We observed a total of 68 species of breeding birds in all
stands over the course of our study. Community
composition was different between WSI treated stands
and control stands in all years except 1992 (Figure 2 and
3). For all years combined, burned stands were > 97
percent similar in bird species composition.
Comparison of the bird community in controls versus
that in individual treatments were < 84 percent similar
for all years combined. WSIB2 and WSIB3 stands had
the most similar bird communities consistently in
individual years and in all years combined (Figure 2).

Forest Interior

The black and white warbler, ovenbird and scarlet
tanager declined in density (P < 0.05) in treated stands
from thinning. Only the former 2 species had declines
directly attributable to fire (P < 0.05) (Table 3).
Although a tendency for decline in density was observed
for the whip-poor-will, its frequency of occurrence
within treated stands was significantly (P < 0.05) less
than in untreated controls.

Forest Edge

American crow was the only species in this group to
decline (P = 0.033) from WSI (Table 3). We found
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Figure 1.—Vertical vegetation profile measured within bird census plots of wildlife
stand improvement (WSI)-treated and untreated stands on the Ouachita National
Forest, Arkansas, May 1992-1993. Control = no treatment; WSI = midstory removal
(thinning) and without burning of logging slash; WSIB1 = midstory removal, late-
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winter prescribed burn, following the first growing season after fire; WSIB2 = midstory

removal, late-winter prescribed burn, following the second growing season after fire;
WSIB3 = midstory removal, late-winter prescribed burn, following the third growing

season after fire;
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American goldfinch, blue-gray gnatcatcher, brown-
headed cowbird, Carolina wren, white-breasted
nuthatch and yellow-breasted chat density increased (P
< 0.05) in response to WSI (Table 3). Many of these
species including the common yellowthroat (P = 0.037)
responded favorably to the addition of fire in WSI
treated stands with the exception of the Carolina wren.
This species increased with thinning (P = 0.014) then
declined following the addition of fire (P = 0.035).

Pine-grassland

All pine-grassland species increased (P < 0.05) in density
following either WSI or, WSI and fire except Bachman'’s
sparrow and northern bobwhite (Table 3). However,
frequency of occurrence within treated stands for these 2
species was significantly higher (P < 0.05) than in
control stands.

Small Mammal Response

We observed a total of 9 small mammal species in all
stands over the course of our study. Community
composition was different between WSI treated stands
and control stands in all years (Masters et al 1998).
Total community richness, diversity and abundance were
lowest in untreated stands. White footed-mouse (see list
for scientific names) was the most dominant species and
short-tailed shrew and harvest mouse were the next
most abundant species (Masters et al. 1998). The white-
footed mouse and short-tailed shrew occurred in all
stands (Figure 4, Masters et al. 1998). Also occurring but
less frequently were golden mouse, eastern woodrat,
cotton mouse, hispid cotton rat, pine vole, and deer
mouse listed in order of total captures (Masters et al.
1998). The WSI and WSIB1 treatments had the greatest
number of species (Figure 4). We found that no species
declined in response to either thinning or fire (Masters
etal. 1998).

Bird-habitat Relationships

When CCA was constrained to 16 explanatory
physiognomy variables, eigenvalues for axes 1 and 2
explained 48.7% of cumulative variance of bird-
physiognomy relations (P < 0.01) (Wilson 1994). We
identified 7 variables (P < 0.05) that explained 46% of
variation in breeding bird abundances. They were:
relative presence of midstory foliage (2-10 m) (16%),
relative presence of foliage 0-2 m (8%), density of
hardwoods > 23.1 cm dbh (5%), percent canopy cover
(5%), density of all woody stems >1.4 m in height
(4%), density of all woody stems < 1.4 m in height
(4%), and density of conifer trees > 23.1 cm dbh (4%).

When ordination was constrained to 21 floristic
variables, eigenvalues for axes 1 and 2 explained 40.1%
of cumulative variance in bird species data (Wilson
1994). We identified 4 variables that explained (P <
0.05) 35% of variation in breeding bird abundances.
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Figure 2.—Bird community similarity (Morisita’s Index
of Similarity) among treated versus untreated stands on
the Ouachita National Forest, Arkansas, May 1992-1993
and 1999-2000. Control = no treatment; WSI =
midstory removal (thinning) and without burning of
logging slash; WSIB1 = midstory removal, late-winter
prescribed burn, following the first growing season after
fire; WSIB2 = midstory removal, late-winter prescribed
burn, following the second growing season after fire;
WSIB3 = midstory removal, late-winter prescribed burn,
following the third growing season after fire.
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Figure 3.—Bird community model of the response of
important bird species illustrating succession windows of
suitable habitat among restored versus untreated stands on
the Ouachita National Forest, Arkansas, May 1992-1993
and 1999-2000. Control = no treatment; WSI = midstory
removal (thinning) and without burning of logging slash;
1% growing season = midstory removal, late-winter
prescribed burn, following the first growing season after
fire (WSIB1); 2" growing season= midstory removal, late-
winter prescribed burn, following the second growing
season after fire(WSIB2); 3" growing season= midstory
removal, late-winter prescribed burn, following the third
growing season after fire (WSIB3).

They were: Shannon diversity index of woody stems > 8
cm dbh (16%), number of oak (Quercus spp.) stems > 8
cm dbh (9%), current annual growth of woody biomass
< 1.4 m in height (5%), and the number of pine trees >
8 cm dbh (5%).

In the physiognomy CCA, variables most correlated with
axis 1 were percent canopy cover, density of hardwoods
> 23.1 cm dbh, midstory foliage, and density of woody
stems >1.4 m in height (Wilson 1994). This axis
separated species dependent on closed canopy and
dense midstory forest from species requiring open
canopy and fewer trees. Variables most correlated with
axis 2 were number of pine trees > 8 cm dbh, density of
all woody stems < 1.4 m in height, and relative presence
of foliage 0-2 m. In addition to species demonstrating
affinities for numbers of large conifers, this axis
separated species relating positively to understory
hardwood structure from species preferring little or no
understory hardwood structure (Wilson 1994).

In the floristics CCA, large oaks and tree diversity were
most correlated with axis 1. This axis separated species
with affinities for density and diversity of hardwood
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Figure 4.—Small mammal community model of the
response of most species and general habitat relationships,
illustrating succession windows of suitable habitat among
restored versus untreated stands on the Ouachita National
Forest, Arkansas, May 1992-1993. Control = no treatment;
WSI = midstory removal (thinning) and without burning
of logging slash; 1% growing season = midstory removal,
late-winter prescribed burn, following the first growing
season after fire (WSIB1); 2" growing season= midstory
removal, late-winter prescribed burn, following the second
growing season after fire(WSIB2); 3" growing season=
midstory removal, late-winter prescribed burn, following
the third growing season after fire (WSIB3).

trees from species preferring fewer oaks and lower tree
diversity. Variables most correlated with axis 2 were
current annual growth of woody biomass < 1.4 m in
height and the number of pine trees > 8 cm dbh. In
addition to identifying species with affinities for
numerous large pines, this axis separated species
according to preference for woody understory biomass.
We were able to distinguish pine-grassland bird species
on CCA biplots by creating a pine-grassland variable by
combining large pine tree density and grass biomass
(Wilson 1994).

Forest interior species

Forest interior species tended to relate positively to
percent canopy cover, midstory foliage, overstory trees,
and tree species diversity. The black-and-white warbler
and ovenbird were strongly related to midstory foliage,
percent canopy cover, and oaks >8 cm dbh in the biplots
(Wilson 1994).. Scarlet tanager occurred infrequently,
but was clearly related to hardwoods. Summer tanager
related strongly to tree diversity in the floristic biplot
(Wilson 1994).
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Table 3.—Breeding bird responses (birds/40 ha)to wildlife stand improvement (WSI) and prescribed fire in pine-oak
stands on the Ouachita National Forest, Arkansas, May 1992, 1993, 1999 and 2000'

Treatment? P>F
CONTROL WSI WSIB1 WSIB2 WSIB3 Contrasts®
Group, Species Mean(SE) Mean(SE) Mean(SE) Mean(SE) Mean(SE) Trt Cvs WSI NBvs B
Forest Interior
Acadian Flycatcher 0.9(0.5) 0.6(0.4) 0.3(0.3) 1.3(0.9) 1.3(0.9) 0.485 0.232  0.666
American Redstart 0.0(0.0) 0.6(0.6) 0.5(0.5) 0.0(0.0) 0.0(0.0) 0.481 0.456 0.339
Black & White Warbler 133(3.6)a  9.2(24)ab 1.6(1.3)c  32(1.3)c  4.4(1.8)bc 0.009 0.010 0.012
Broad-winged Hawk 0.3(0.3) 1.6(1.3) 0.0(0.0) 0.3(0.3) 0.0(0.0) 0.444 0.734 0.129
Carolina Chickadee 8.8(3.4) 8.2(5.3) 10.7(4.1) 8.2(3.4) 3.8(1.7) 0.868 0.445 0.799
Cooper's Hawk 0.0(0.0) 0.6(0.6) 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.596  0.511 0.528
Downy Woodpecker 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.6(0.4) 0.9(0.9) 0.535 0.508 0.394
Great-crested Flycatcher 3.5(1.5) 8.5(3.4) 6.2(2.1) 10.7(3.0) 2.8(1.1) 0.135 0.215 0.764
Hairy Woodpecker 0.6(0.4) 1.9(1.0) 0.5(0.4) 0.0(0.0) 0.9(0.7) 0.421 0.692 0.166
Kentucky Warbler* 0.3(0.3) 0.6(0.6) 0.8(0.8) 0.6(0.6) 0.0(0.0) 0.903 0588 0.705
Ovenbird 12.6(3.7)a  0.0(0.0)b  0.0(0.0)b  0.0(0.0)b  0.0(0.0)b <0.001 <0.001 1.000
Pileated Woodpecker 3.8(1.7) 2.2(1.1) 1.0(0.6) 0.9(0.7) 2.5(1.4) 0.656 0.264 0.347
Red-bellied Woodpecker 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.3(0.3) 0.3(0.3) 0.397 0.225 0.124
Red-eyed Vireo 13.9(3.6)  16.7(3.7) 10.9(2.3) 16.7(4.0) 10.1(3.1) 0512  0.931 0.258
Ruby-throated Hummingbird 0.3(0.3) 0.9(0.7) 1.3(0.7) 0.3(0.3) 1.3(0.9) 0.934 0.604 0.798
Scarlet Tanager 2.8(1.1) 1.6(1.6) 0.8(0.6) 1.9(1.9) 1.3(0.9) 0.193 0.023 0.895
Summer Tanager 8.5(2.3)  12.6(2.6) 9.6(2.9) 12.0(2.7) 10.1(2.7) 0.606 0.627 0.358
Tufted Titmouse 8.2(3.0) 4.1(1.6) 7.3(2.7) 0.9(0.9) 3.5(1.8) 0.063 0.076 0.652
Whip-poor-will* 0.9(0.7) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.414 0.061 1.000
Forest Edge and Other
American Crow 3.8(1.5) 0.3(0.3) 1.0(0.6) 1.3(1.3) 0.9(0.7) 0.221 0.033 0.582
American Goldfinch 22(1.4) ¢ 4.7(1.9)bc 14.6(4.0) ab 12.0(3.5)ab 19.3(4.7)a  0.030 0.013 0.041
Blue Grosbeak 0.0(0.0) 0.0(0.0) 0.5(0.5) 0.0(0.0) 0.0(0.0) 0.460  0.651 0.559
Blue-gray Gnatcatcher 0.3(0.3) b 5.4(1.7) a 4.7(1.6) a 0.6(0.4) b 1.9(1.4) b 0.002  0.009 0.006
Blue Jay 5.4(2.3) 3.5(1.9) 1.3(1.1) 0.6(0.4) 1.9(1.3) 0.387 0.206 0.163
Brown-headed Cowbird 0.9(09)b  6.6(1.8) a 8.3(2.7) a 7.6(2.3) a 2.8(1.2) ab  0.041 0.009 0.439
Brown Thrasher 0.6(0.6) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.492 0.082 1.000
Catbird 0.0(0.0) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.402  0.610 0.065
Carolina Wren 51(2.1) b  49.6(82)a 14.0(5.0)b  12.6(44)b 14.8(4.6)b  0.001 0.014 <0.001
Cedar Waxwing 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0364 0.616 0.517
Common Flicker 0.0(0.0) 0.0(0.0) 1.3(0.7) 1.3(0.7) 0.6(0.6) 0290 0231 0.128
Common Grackle 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.523 0.672 0.585
Common Yellowthroat 0.0(0.0) 0.9(0.9) 0.8(0.6) 3.2(1.5) 2.8(1.7) 0.119  0.060 0.204
Mourning Dove 0.0(0.0) 0.0(0.0) 1.6(1.1) 0.0(0.0) 0.6(0.6) 0.363  0.409 0.290
Northern Cardinal 1.3(0.9) 1.9(1.4) 0.8(0.6) 0.0(0.0) 1.3(1.3) 0.702  0.575 0.280
Red-shouldered Hawk 0.0(0.0) 0.0(0.0) 0.5(0.5) 0.0(0.0) 0.0(0.0) 0.460  0.651 0.559
Turkey Vulture 0.0(0.0) 0.6(0.4) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.497 0.552  0.107
White-breasted Nuthatch 0.3(0.3) 5.7(2.1) 5.2(2.0) 7.3(1.9) 3.5(1.7) 0.146 0.032 0.881
White-eyed Vireo 0.0(0.0) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.402  0.610 0.065
Wild Turkey 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.6(0.6) 0.402  0.610 0.511
Yellow-billed Cuckoo 0.6(0.4) 2.8(1.9) 1.3(0.6) 2.8(1.4) 1.9(1.1) 0.811 0.324 0.653
Yellow-breasted Chat 0.0(0.0) ¢ 2.2(1.2) bc  0.5(0.5) bc 4.7(2.2)ab 8.2(2.7) a 0.007 0.019 0.360
Yellow-throated Vireo 0.3(0.3) 0.0(0.0) 0.8(0.6) 0.9(0.7) 1.3(0.9) 0.852 0.833 0.293
Pine-grassland
Bachman’s Sparrow* 0.0(0.0) 0.6(0.6) 0.3(0.3) 1.9(1.0) 2.5(2.0) 0217 0.125 0.525

Brown-headed Nuthatch? 0.0(0.0)b  0.0(0.0)b 10.1(4.0)a  63(27)a  4.4(2.6)ab 0.042 0.068 0.023

Continued
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Table 3.—continued

Treatment? P>F
CONTROL WSI WSIB1 WSIB2 WSIB3 Contrasts®
Group, Species Mean(SE) Mean(SE) Mean(SE) Mean(SE) Mean(SE) Trt Cvs WSI NBvsB
Chipping Sparrow 1.3(1.0) b 28.1(8.5)a  43.9(6.5)a 38.2(5.8)a 35.4(7.8) a 0.003 <0.001 0.071
Eastern Wood Pewee 0.0(0.0) ¢ 11.1(3.3)ab 12.7(2.1)a  10.1(1.8) ab  6.0(2.2) b  <0.001 <0.001 0.952
Indigo Bunting 47(23)c 57.2(9.2)a 36.4(45)b 54.0(6.7)a 64.1(73)a <0.001 <0.001 0.699
Northern Bobwhite 0.0(0.0) 2.8(1.3) 0.0(0.0) 0.6(0.6) 2.2(1.4) 0.098 0.156 0.064
Pine Warbler 61.3(8.1)  83.7(9.8) 93.4(7.3)  102.0(7.5) 96.6(7.3) 0.115 0.017 0.272
Prairie Warbler* 0.0(0.0)b  9.2(26)a  1.6(1.1)b  7.6(25)a 14.2(5.1)a  0.005 0.004 0.414
Red-cockaded Woodpecker*  0.0(0.0) b 0.0(0.0) b 1.8(1.0) a 2.2(14)a 0.9(0.7) a 0.048 0.053 0.017
Red-headed Woodpecker* 0.0(0.0) 3.2(2.2) 2.6(1.1) 2.5(1.4) 1.6(0.9) 0.183 0.022 0.776

!Column means within rows followed by the same letter or without letters were not significantly different at the 0.05 level (LSD).
2Control=no treatment; WSI= midstory removal and no burning of downed logging slash or trees; WSIB1=midstory removal, late-winter
prescribed burn, following first growing season after fire; WSIB2=midstory removal, late-winter prescribed burn, following first growing
season after fire; WSIB3=midstory removal, late-winter prescribed burn, following first growing season after fire.

3Specific orthogonal contrasts: C=control, WSI=midstory removal, NB=nonburned WSI stands, B=WSI stands burned within previous 3 years.
“Priority species (Pashley et al. 2000).

The role of fire in nongame wildlife management and community restoration: traditional uses and new directions GTR-NE-288 81



Carolina chickadee was positively related to tree
diversity, percent canopy cover, and midstory foliage in
the biplots (Wilson 1994). The pileated woodpecker was
positively related to percent canopy cover and large trees
in the CCA biplots (Wilson 1994). The red-eyed vireo,
tufted titmouse, and acadian flycatcher were positively
related to large hardwoods and tree diversity (Wilson
1994).

Forest edge species

Species associated with forest edge or canopy openings
were tolerant of wide ranges of canopy closure. These
species frequently occurred at intermediate levels of
midstory foliage and tree diversity. Blue jay was
positively related to percent canopy cover in the
physiognomy biplot. White-breasted nuthatch, yellow-
billed cuckoo, and great-crested flycatcher occurred near
the center of both CCA biplots, indicating preferences
for intermediate values of physiognomy and floristic
measures (Wilson 1994). Carolina wren was positively
related to foliage 0-2 m and woody biomass <1.4 m, but
negatively related to pines >8 cm dbh. Wrens benefited
from the resulting slash from WSI (Wilson 1994).

The brown-headed cowbird was negatively related to
percent canopy cover, oaks >8 cm dbh, and midstory
foliage. Biplot positions for common yellowthroat and
yellow-breasted chat were greater than all other species
with respect to stems <1.4 m, foliage 0-2 m, and woody
biomass <1.4 m (Wilson 1994). American goldfinch
also favored open canopy structure (Wilson 1994).

Pine-grassland species

Pine-grassland species benefited most directly from
reduced canopy cover, reduced midstory, and associated
dense understory (Wilson 1994). We observed several
species associated with sites characterized by dense
understory and few trees. Prairie warbler and indigo
bunting demonstrated affinities for woody understory
vegetation with an aversion to overstory trees. These
species were negatively related to midstory foliage and
percent canopy cover. We found that pine warbler was
negatively related to tree diversity and midstory foliage,
and positively related to pines >8 cm dbh. Eastern wood
pewee appeared to key on scattered mature trees with an
open midstory. Pewees were negatively related to stems
>1.4 m, midstory foliage, tree diversity, and oaks >8 cm
dbh in CCA biplots (Wilson 1994).

The brown-headed nuthatch and chipping sparrow
demonstrated negative relationships to stems >1.4 m,
hardwoods >23.1 cm dbh, and tree diversity (Wilson
1994). Chipping sparrow was negatively associated with
stems <1.4 m and foliage 0-2 m. We found red-headed
woodpecker was negatively related to percent canopy
cover and midstory foliage and Bachman'’s sparrow was
negatively related to percent canopy cover, midstory
foliage, oaks >8 cm dbh, and tree diversity (Wilson 1994).
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Small Mammal Habitat Relationships

Most small mammal species were negatively correlated
with the presence of overstory and positively associated
with total biomass of understory production (Masters et
al. 1998). Total community abundance and white-
footed mouse abundance was positively associated with
dead woody debris and woody biomass in the
understory. However, total community abundance was
negatively associated with the presence of midstory and
more dense overstory (Masters et al. 1998). Both harvest
mice and golden mouse were positively associated with
the herbaceous component in the understory. As
herbaceous biomass increased so did both of these
species in addition to species richness and diversity
(Masters et al. 1998).

Discussion

Stand Characteristics

Forests of the Ouachita Mountains at settlement (ca.
1840 in Arkansas; ca. 1890 in Oklahoma) were
characterized by low-density open stands with scattered
large trees (Foti and Glenn 1991; Kreiter 1995). These
conditions were the result of the climatic (Foti and
Glenn 1991) and Native American fire regime ( Masters
et al. 1995). Stands currently undergoing restoration on
the Ouachita National Forest may have nearly twice the
stem density and one third more basal area as open pine
woodlands at settlement.

Wildlife stand improvement is an effective and timely
means of recreating open woodland structure because
periodic prescribed fire alone may take decades longer
to alter midstory structure in a similar fashion.
Following WSI, stands are characterized by pine-
dominated overstory, open midstory, and dense
understory of slash, hardwood sprouts, vines, grasses,
and forbs. The subsequent application of fire at 3-year
intervals appears to maintain this open midstory
structure, at least in the short-term, because fire has its
greatest impact on residual stems <8 cm dbh. Whereas
understory stem densities increase with time postburn,
fire top-kills small-diameter sprouts, maintaining an
open midstory. Understory structure and composition
will vary according to soils, slope, aspect, management
history, fire frequency and intensity, and time since
burned, thereby making available a range of habitats.

Bird Community

Bird community composition changed with alteration
of forest structure following WSI and fire (Figures 2 and
3). Analysis of bird species relationships with
physiognomy and floristic variables reveals species
habitat preferences across the broad continuum of
closed canopy pine-oak forest to open pine-grassland
woodlands. Several species were distinctly associated
with the woody structure that developed as plant
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community succession progressed following fire. In
effect, a brief succession window of suitable habitat was
created for some species such as the common
yellowthroat and slightly longer windows for species
with broader habitat requirements (e.g., eastern wood
pewee, chipping sparrow, and indigo bunting) (Figure 3).

Seven species that occurred in our stands are listed as
priority species (Table 3; Pashley et al. 2000). However,
whip-poor-will was the only priority species that
showed even a tendency to be detrimentally affected by
restoration treatments in terms of frequency of
occurrence within the stands. The Kentucky warbler was
not affected. The remaining five priority species were
pine-grassland obligates and were distinctly benefited by
restoration treatments either in increased density or
frequency of occurrence (Tables 3 and 4).

Bird-habitat relationships

Forest interior species

Mature closed canopy forest habitats are necessary for
many interior forest species. Removal of midstory
structure followed by prescribed fire reduces densities
and diversity of midstory hardwoods, adversely affecting
species dependent on closed canopies or hardwood
midstory. Ground nesting species such as ovenbird and
black-and-white warbler may be adversely affected by
changes in understory particularly by the loss of the
litter layer following fire. Other forest interior species
may persist along riparian zones that dissect pine-
bluestem sites, but most will decline in thinned and
burned stands, particularly where hardwoods have
virtually been eliminated (Wilson et al. 1995). Thinning
and fire will not eliminate hardwood dependent species
such as red-eyed vireo if scattered mature hardwoods are
retained (Wilson et al. 1995).

Forest edge species

Tolerance of changes in forest structure varies among
forest edge species. Forest edge species of mixed forest
types (i.e., blue jay), will persist in stands retaining
hardwoods. Shrub-dwelling species such as Carolina
wren and yellow-breasted chat should occur in open
situations not recently burned. Whereas periodic fire
should benefit these species by promoting a shrubby
understory, annual burns may adversely affect habitat.
Ecotones created between restored pine-grassland
woodlands and closed canopy forest may provide
suitable habitats for some forest edge species.

Pine-grassland species

Occurrence and abundance of pine-grassland bird
species will vary with changes in understory. In addition
to red-cockaded woodpecker, we found brown-headed
nuthatch, Bachman's sparrow, chipping sparrow, and
red-headed woodpecker are strongly associated with
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habitat attributes of pine-grasslands. These species favor
open stands characterized by herbaceous understory and
sparse shrubs. Pine warbler and eastern wood pewee
also prefer open midstory, but may be more tolerant of
overstory hardwoods. Prescribed burning at periodic
intervals (3-5 years) will maintain forest structure
required by these species. As woody shrub layer increases
with time postburn, indigo bunting and prairie warbler
will increase. Fire regimes that eliminate woody shrubs
will exclude these two species.

Small Mammal Community

Pine-grassland restoration enhances the entire small
mammal community in terms of abundance, richness
and diversity. Without exception no species was
disadvantaged by restoration treatments. WSI and WSI
and fire created a more structurally complex understory
than in untreated stands. This was important for habitat
generalist species such as the white-footed mouse but
also for habitat specialist species such as the golden
mouse, harvest mouse, and the hispid cotton rat. The
later two species are notable because neither occurred in
control stands (Figure 4; Masters et al. 1998). Any
treatment that reduces overstory and allows for an
increase in understory production will likely benefit this
range of species. Fire likely played an important role
here as it reduced the stature (and thus shading effect)
of woody plants and fire reduced the litter layer,
promoting increases in herbaceous production (Masters
et al. 1998). Here again, the brief succession windows of
suitable habitat created by periodic fire were important
for some of the small mammal species (Figure 4).

Management Implications

Pine-grassland communities undoubtedly existed across
a broad continuum of canopy closures and basal areas
and should be viewed within a landscape-level context.
The landscape mosaic was likely composed of a range of
communities from open pine woodlands to more dense
hardwood-dominated sites such as mesic north slopes
and drainages (Foti and Glenn 1991). Breeding bird
habitat relationships reveal a need to provide variability
in stand structure and composition. This variability
should also enhance the range of small mammal species
in these stands. For both vertebrate communities, the
importance of periodic fire in creating brief windows of
suitable understory and midstory habitat structure for
some habitat specialist species cannot be
overemphasized. Upper and lower ends of targeted stem
densities and basal areas may be equally important in
maintaining representative habitats across the landscape.
Restoration of pine-bluestem habitats will be most
effective on sites of historical occurrence, including xeric
ridges and south slopes. In addition, the current practice
of maintaining hardwood corridors along stream
courses and drainages that dissect or encompass pine-
bluestem stands should be continued to benefit
numerous closed canopy and other species. We found
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Table 4.—Breeding bird responses (percent frequency of occurrence in bird plots) to wildlife stand improvement (WSI) and
prescribed fire in pine-oak stands on the Ouachita National Forest, Arkansas, May 1992, 1993, 1999 and 2000

Treatment? P>F
CONTROL WSI WSIB1 WSIB2 WSIB3 Contrasts®
Group, Species Mean(SE) Mean(SE) Mean(SE)  Mean(SE) Mean(SE) Trt Cvs WSI NBvs B
Forest Interior
Acadian Flycatcher 4.8(2.3) 8.3(3.8) 2.6(1.3) 2.8(1.4) 3.2(1.3) 0.181 0.876 0.035
American Redstart 0.8(0.8) 6.0(2.9) 0.7(0.7) 1.6(1.1) 0.0(0.0) 0.160 0.528 0.027
Black & White Warbler 32.1(7.0)a 250(54)a 69(3.6)b 12.7(3.4)b 13.1(53)b  0.001 0.001 0.003
Broad-winged Hawk 3.2(1.3) 1.6(0.9) 1.0(0.7) 0.4(0.4) 0.8(0.8) 0.095 0.017 0.148
Carolina Chickadee 17.9(5.2) 16.7(4.0)  12.4(3.9)  13.1(4.4) 8.3(2.9) 0.626 0.332 0.282
Cooper’s Hawk 0.0(0.0) 0.8(0.8) 0.3(0.3) 0.0(0.0) 0.4(0.4) 0.697 0.414 0.693
Downy Woodpecker 0.8(0.8) 0.4(0.4) 0.3(0.3) 2.0(1.1) 2.0(1.4) 0.754 0.548 0.530
Great-crested Flycatcher 16.7(3.2) b 18.6(4.3) b 28.8(4.2) ab 39.3(5.7)a 18.3(3.4)b 0.022 0.087 0.072
Hairy Woodpecker 2.4(1.4) 4.0(1.6) 3.6(1.5) 1.6(1.1) 2.0(1.1) 0.735 0.924 0.420
Hooded Warbler 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.523 0.672 0.585
Kentucky Warbler* 1.2(1.2) 2.4(1.3) 1.6(0.9) 2.4(1.7) 2.4(1.7) 0.954 0.547 0.641
Ovenbird 39.3(9.8)a  1.6(1.6)b  0.0(0.0)b  0.0(0.0)b  0.0(0.0)b <0.001 <0.001 0.328
Pileated Woodpecker 27.4(3.1) 24.6(4.6)  24.5(3.6)  20.2(3.0)  14.7(2.8) 0.063 0.038 0.435
Red-bellied Woodpecker 0.4(0.4) 2.0(1.1) 3.6(1.3) 1.2(1.2) 4.8(1.9) 0.117 0.124 0.422
Red-eyed Vireo 58.3(7.5) 56.4(4.1)  45.1(5.8)  54.8(5.5)  40.1(6.3) 0.073 0.057 0.128
Ruby-throated Hummingbird ~ 0.4(0.4) 1.2(0.9) 1.6(0.9) 0.4(0.4) 1.6(1.1) 0.934 0.604 0.798
Scarlet Tanager 16.7(5.1) 10.7(2.8) 7.2(1.8) 4.8(3.2) 8.7(4.0) 0.130 0.082 0.174
Summer Tanager 30.6(5.6) 26.6(4.3)  37.6(3.9)  40.1(5.7)  28.6(4.9) 0.228 0.832 0.070
Tufted Titmouse 39.7(6.6) 27.8(4.4)  28.4(43)  19.8(7.4)2  3.0(6.7) 0.115 0.037 0.395
Whip-poor-will* 0.8(0.5) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.414 0.061 1.000
Wood Thrush 2.4(2.4) 0.0(0.0) 0.7(0.7) 0.0(0.0) 0.4(0.4) 0.722 0.645 0.454
Worm-eating Warbler 0.0(0.0) 0.0(0.0) 1.0(1.0) 0.0(0.0) 0.0(0.0) 0.523 0.672 0.585
Forest Edge and Other
American Crow 25.8(4.0) 32.1(5.8)  30.7(5.4)  34.1(5.9)  32.9(6.8) 0.892 0.356 0.915
American Goldfinch 9.9(3.4)b  11.5(3.9)b 225(3.6)a 23.0(53)a 26.6(6.4)a 0.024 0.020 0.010
American Kestrel 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.4(0.4) 0.402 0.610  0.511
Barred Owl 1.2(0.9) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.063 0.005 1.000
Blue Grosbeak 0.0(0.0) 2.0(1.1) 1.0(0.7) 0.0(0.0) 0.8(0.8) 0.061 0.115 0.021
Blue-gray Gnatcatcher 0.4(0.4) b 8.3(2.7) a 6.9(1.8) a 1.6(0.9) b  3.6(2.8) b 0.003 0.006 0.017
Blue Jay 24.2(5.2) 11.9(3.5) 6.2(2.1) 6.3(1.9) 8.7(3.2) 0.083 0.010 0.302
Brown-headed Cowbird 1.2(0.9) b 17.1(2.7)a 21.6(4.8) a 20.6(3.9)a 11.5(3.3)a <0.001 <0.001 0.546
Brown Thrasher 1.6(1.6) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.492 0.082 1.000
Catbird 0.0(0.0) 0.4(0.4) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.402 0.610 0.065
Carolina Wren 21.8(4.7) ¢ 79.0(4.7)a 51.6(72)b 456(6.9)b 46.4(5.6)b <0.001 0.001 <0.001
Cedar Waxwing 0.0(0.0) 0.0(0.0) 1.2(1.2) 0.9(0.9) 0.0(0.0) 0.700 0.587 0.487
Chimney Swift 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.6(0.6) 0.0(0.0) 0.450 0.627 0.531
Common Flicker 0.8(0.5) 2.0(1.1) 7.5(2.2) 2.8(1.1) 5.2(2.1) 0.202 0.122 0.146
Common Grackle 0.0(0.0) 0.0(0.0) 0.4(0.4) 0.0(0.0) 0.0(0.0) 0.519 0.676 0.589
Common Yellowthroat 0.0(0.0) c 5.2(3.5) bc 4.2(2.3) ab 13.1(5.8) a 17.1(8.2) ab 0.011 0.004 0.068
Eastern Bluebird 0.0(0.0) 0.8(0.5) 3.9(2.6) 0.8(0.8) 0.4(0.4) 0.210 0.116 0.687
Field Sparrow 0.0(0.0) 1.6(1.6) 0.0(0.0) 0.0(0.0) 0.8(0.8) 0.488 0.454 0.324
Fish Crow 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.4(0.4) 0.414 0.615 0.516
Great-horned Owl 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.4(0.4) 0.4(0.4) 0.397 0.410 0.291
Mourning Dove 0.0(0.0) 4.4(1.9) 5.9(2.9) 5.6(3.3) 6.3(3.8) 0.233 0.031 0.764
Northern Cardinal 6.0(2.2) 9.5(3.4) 4.2(2.0) 0.8(0.8) 4.4(3.2) 0.287 0.569 0.062
Northern Parula 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.523 0.672 0.585
Continued
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Table 4.—continued

Treatment? P>F
CONTROL WSI WSIB1 WSIB2 WSIB3 Contrasts®
Group, Species Mean(SE) Mean(SE) Mean(SE) Mean(SE) Mean(SE) Trt Cvs WSINBvs B
Purple Martin 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.9(0.9) 0.500 0.644 0.553
Red-shouldered Hawk 2.8(1.5) 0.8(0.8) 3.3(2.3) 0.8(0.8) 0.0(0.0) 0.494 0.142 0.915
Red-tailed Hawk 0.4(0.4) 0.0(0.0) 2.0(1.2) 1.2(0.9) 0.4(0.4) 0.340 0.779 0.085
Screech Owl 0.4(0.4) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.402 0.058 1.000
Turkey Vulture 0.0(0.0) 1.6(1.1) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.493 0.553 0.104
White-breasted Nuthatch 20(1.1) b 19.0(4.5)a 20.6(2.8)a 25.4(4.9)a 159(4.0)a 0.024 0.003 0.664
White-eyed Vireo 0.0(0.0) 2.8(1.5) 0.0(0.0) 1.6(1.1) 0.0(0.0) 0.127 0.274 0.043
Wild Turkey 2.4(2.4) 0.8(0.8) 4.2(2.7) 7.9(2.5) 4.0(1.8) 0.100 0.152 0.055
Wood Duck 0.0(0.0) 0.0(0.0) 0.6(0.6) 0.9(0.9) 0.0(0.0) 0.673 0.587 0.488
Yellow-billed Cuckoo 17.1(4.8) 18.3(4.9) 7.8(2.3)  13.9(4.9)  14.7(4.5) 0.352 0.428 0.205
Yellow-breasted Chat 32(1.8) b 29.4(80)a 10.1(29)b 34.1(8.9)a 43.3(8.1)a <0.001 <0.001 0.882
Yellow-throated Vireo 0.4(0.4) 6.0(3.2) 8.5(2.7) 4.8(2.2) 6.7(2.7) 0.342 0.092 0.543
Pine-grassland
Bachman'’s Sparrow* 0.0(0.0) c 2.0(2.0) c 4.6(2.9) bc 11.1(4.0) ab 13.5(4.8) a  0.019 0.023 0.037
Brown-headed Nuthatch* 0.0(0.0) c 0.8(0.8) bc 7.8(3.3)ab 8.7(3.7) a 6.3(2.3) ab 0.030 0.025 0.017
Chipping Sparrow 3.2(1.8) ¢ 36.5(8.0)b 69.0(49)a 55.6(6.5)ab 55.6(6.9) ab <0.001 <0.001 0.010
Eastern Wood Pewee 0.8(0.8) ¢ 38.5(5.1) b 53.3(4.0)a 40.1(4.3)ab 32.9(6.5)b <0.001 <0.001 0.371
Indigo Bunting 19.4(53) b 73.4(43)a 69.6(4.9)a 782(43)a 77.0(5.0)a <0.001 <0.001 0.582
Northern Bobwhite 2.8(1.7) ¢ 34.1(6.7)a 14.4(3.7)b 15.5(6.4) bc 32.1(9.9)ab 0.011 0.005 0.017
Pine Warbler 94.8(1.7) 92.5(2.6)  95.8(1.9)  96.0(1.4)9  5.2(1.9) 0.504 0.745 0.144
Prairie Warbler* 1.2(0.9) ¢ 27.8(7.1)ab 13.4(4.1) bc 39.3(8.0)a 48.0(8.6)a  0.002 <0.001 0.291
Red-cockaded Woodpecker* 0.0(0.0) b 0.0(0.0) b  3.6(1.7) a 24(1.1)a 3.2(1.8) a  0.014 0.020 0.005
Red-headed Woodpecker* 0.0(0.0) b 7.5(4.1) ab 14.7(3.3) a 9.1(4.2) ab 5.6(2.7) ab 0.045 0.015 0.335

!Column means within rows followed by the same letter or without letters were not significantly different at the 0.05 level (LSD).

2Control=no treatment; WSI= midstory removal and no burning of downed logging slash or trees; WSIB1=midstory removal, late-winter
prescribed burn, following first growing season after fire; WSIB2=midstory removal, late-winter prescribed burn, following first growing
season after fire; WSIB3=midstory removal, late-winter prescribed burn, following first growing season after fire.
3Specific orthogonal contrasts: C=control, WSI=midstory removal, NB=nonburned WSI stands, B=WSI stands burned within previous 3 years.
“Priority species (Pashley et al. 2000).
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Carolina wren, Kentucky warbler, red-eyed vireo and
tufted titmouse were closely associated with greenbelts
or drainages dominated by hardwoods extending into
the interior of treated stands. Residual hardwoods
retained within the stand were important to red-eyed
vireo, summer tanager, scarlet tanager, tufted titmouse,
yellow-throated vireo and white-breasted nuthatch
occurrence within a restored stand.

Although relative abundance and frequency of
occurrence increased for many species, we recognize that
this does not necessarily translate to high reproductive
success. Nest predation and parasitism can be a major
concern in pine forests of the southeast U.S. (White et
al. 1999). A concern is raised here because of increased
brown-headed cowbird abundance in stands that had
been recently thinned (WSI) and in the first and second
growing season following fire (WSIB1 and WSIB2
treatments respectively). We did observe fledglings
during point-counts of brown-headed nuthatch,
Carolina wren, chipping sparrow, common
yellowthroat, indigo bunting, ovenbird and pine warbler
in stands associated with their highest densities, but not
all observers noted occurrence of fledglings. The
influence of cowbird nest parasitism in restored stands
should be further examined.

While knowledge of individual species relationships to
habitat components is vital to manage for habitat
availability (Wilson et al. 1995, Masters et al. 1998),
regional biodiversity will likely be maximized by
restoring the natural disturbance regime (Vose 2000). By
mimicking fire events of the past, the most complete
range of habitats and attendant species may best be
maintained over time in the Ouachita Mountains
ecosystem and possibly shortleaf pine dominated
systems elsewhere. With repeated alternating shifts from
frequent burning (<3 year intervals) to no burning and
periodic shifts to growing season burns, current stands
may eventually approach structural conditions reported
historically as they are repeatedly thinned. Irregular
burn intervals may be particularly important to ensure
adequate pine recruitment (Cain 1993; Masters et al
1995). A return to the presettlement fire regime will not
eliminate residual hardwoods because large hardwoods
are tolerant even of frequent fire (Waldrop et al. 1992).
Plant and animal response to large-scale burns and
growing season burns should be investigated as such
burns were probably characteristic of the original fire
regime (Masters et al 1995).

Landscape-level studies are necessary to determine avian
relationships to stand sizes and juxtaposition of pine-
bluestem woodlands and pine-oak forest. Geographic
information systems and ecological models should be
used to ensure the presence of uncommon natural
communities across the landscape and into the future.
We recommend additional research on red-cockaded
woodpecker population viability in low-density stands
with varying proportions of hardwoods because overall
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stand density may be as critical as some upper level
threshold for a maximum hardwood component.
Research is also needed to determine the extent and
importance of other fire-dependent community types,
including oak-dominated woodlands and savannas and
breeding bird and small mammal habitat relationships
within those settings.
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List of Common and Scientific Names of all Occurring Breeding Bird and Small

Mammal Species

Common Name

Scientific Name (authority)

Birds

Acadian Flycatcher
American Crow
American Goldfinch
American Kestrel
American Redstart
Bachman's Sparrow
Barred Owl

Black and White Warbler
Blue Grosbeak

Blue Jay

Blue-gray Gnatcatcher
Broad-winged Hawk
Brown Thrasher
Brown-headed Cowbird
Brown-headed Nuthatch
Carolina Chickadee
Carolina Wren

Catbird

Cedar Waxwing
Chimney Swift
Chipping Sparrow
Common Flicker
Common Grackle
Common Yellowthroat
Cooper’s Hawk

Downy Woodpecker
Eastern Bluebird
Eastern Wood Pewee
Field Sparrow

Fish Crow
Great-crested Flycatcher
Great-horned Owl
Hairy Woodpecker
Hooded Warbler
Indigo Bunting
Kentucky Warbler
Mourning Dove
Northern Bobwhite
Northern Cardinal
Northern Parula
Ovenbird

Pileated Woodpecker
Pine Warbler

Prairie Warbler

Purple Martin
Red-bellied Woodpecker

Red-cockaded Woodpecker

Empidonax virescens (Vieillot)
Corvus brachyrhynchos (Brehm)
Carduelis tristis (Linnaeus)
Falco sparverius (Linnaeus)
Setophaga ruticilla (Linnaeus)
Aimophila aestivalis (Lichtenstein)
Strix varia (Barton)

Mpniotilta varia (Linnaeus)
Guiraca caerulea (Linnaeus)
Cyanocitta cristata (Linnaeus)
Polioptila caerulea (Linnaeus)
Buteo platypterus (Vieillot)
Toxostoma rufum (Linnaeus)
Molothrus ater (Boddaert)

Sitta pusilla (Latham)

Poecile carolinensis (Audubon)
Thryothorus ludovicianus (Latham)
Dumetella carolinensis (Linnaeus)
Bombycilla cedrorum (Vieillot)
Chaetura pelagica (Linnaeus)
Spizella passerina (Bechstein)
Colaptes auratus (Linnaeus)
Quiscalus quiscula (Linnaeus)
Geothlypis trichas (Linnaeus)
Geothlypis trichas (Bonaparte)
Picoides pubescens (Linnaeus)
Sialia sialis (Linnaeus)
Contopus virens (Linnaeus)
Spizella pusilla (Wilson)

Corvus ossifragus (Wilson)
Myiarchus crinitus (Linnaeus)
Bubo virginianus (Gmelin)
Picoides villosus (Linnaeus)
Wilsonia citrina (Boddaert)
Passerina cyanea (Linnaeus)
Oporornis formosus (Wilson)
Zenaida macroura (Linnaeus)
Colinus virginianus (Linnaeus)
Cardinalis cardinalis (Linnaeus)
Parula americana (Linnaeus)
Seiurus aurocapillus (Linnaeus)
Dryocopus pileatus (Linnaeus)
Dendroica pinus (Wilson)
Dendroica discolor (Vieillot)
Progne subis (Linnaeus)
Melanerpes carolinus (Linnaeus)
Picoides borealis (Vieillot)
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List of Common and Scientific Names—continued

Common Name

Scientific Name (authority)

Red-eyed Vireo
Red-headed Woodpecker
Red-shouldered Hawk
Red-tailed Hawk
Ruby-throated Hummingbird
Scarlet Tanager

Screech Owl

Summer Tanager

Tufted Titmouse

Turkey Vulture
Whip-poor-will
White-breasted Nuthatch
White-eyed Vireo

Wild Turkey

Wood Duck

Wood Thrush
Worm-eating Warbler
Yellow-billed Cuckoo
Yellow-breasted Chat
Yellow-throated Vireo

Small Mammals

Cotton Mouse

Deer Mouse

Eastern Woodrat

Fulvous Harvest Mouse
Hispid Cotton Rat

Golden Mouse

Pine Vole

Southern Short-tailed Shrew
White-footed Mouse

Vireo olivaceus (Linnaeus)
Melanerpes erythrocephalus (Linnaeus)
Buteo lineatus (Gmelin)

Buteo jamaicensis (Gmelin)
Archilochus colubris (Linnaeus)
Piranga olivacea (Gmelin)

Otus asio (Linnaeus)

Piranga rubra (Linnaeus)
Baeolophus bicolor (Linnaeus)
Cathartes aura (Linnaeus)
Caprimulgus vociferous (Wilson)
Sitta carolinensis (Latham)

Vireo griseus (Boddaert)
Meleagris gallopavo (Linnaeus)
Aix sponsa (Linnaeus)

Hylocichla mustelina (Gmelin)
Helmitheros vermivorus (Gmelin)
Coccyzus americanus (Linnaeus)
Icteria virens (Linnaeus)

Vireo flavifrons (Vieillot)

Peromyscus gossypinus (LeConte)
Peromyscus maniculatus (Wagner)
Neotoma floridana (Ord)
Reithrodontomys fulvescens (J.A. Allen)
Sigmodon hispidus (Say and Ord)
Ochrotomys nutalli (Harlan)

Microtus pinetorum (LeConte)
Blarina carolinensis (Bachman)
Peromyscus leucopus (Rafinesque)
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