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Abstract. We use the term ‘‘optimal niche gestalt’’ to refer to the concept that there
are structural features of the environment that allow a species to thrive over and above
those that allow it to persist. Analyses of the covariation between demographic and habitat
features can reveal a trajectory toward this optimal state. To help identify new criteria for
foraging-habitat guidelines for the Red-cockaded Woodpecker (Picoides borealis) in the
Apalachicola National Forest, we examine seven years of demographic data for the wood-
pecker population and habitat in core stands, the naturally regenerated prime habitat in the
centers of their territories. For both districts of the forest, two compound habitat variables
are highly related to the average number of adult birds per social group, the average number
of young fledged per group, and the density of groups. These variables are, first, the
difference between the density of trees .35 cm dbh and that of trees 15–25 cm dbh and,
second, the difference, in the ground cover, between the percentage of wiregrass and that
of woody-plus-palmetto vegetation. Although the birds require a few old relict trees for
their cavities, a regression analysis shows that including data for variation in the availability
of relict trees in this forest does not improve the power of the above habitat variables to
account for variation in the demography of the birds.

Because covariation between demographic variables and the recommendations in the
current federal guidelines for the management of foraging habitat of the Red-cockaded
Woodpecker is low, we conclude that experimental tests of whether causal mechanisms
underlie the much higher correlative relationships we have found are warranted. Such tests
should use differing levels of prescribed fire, which has dramatic effects on the ground
cover. Smaller size classes of trees in closed-canopy stands should be thinned, creating
patchy openings in the forest that will promote natural pine regeneration. Traditional uneven-
aged silvicultural management could adopt a target tree distribution similar to that on the
Apalachicola Ranger District, which supports a population of woodpeckers that is deemed
to have recovered. We think that in addition to being beneficial for the birds the proposed
program of habitat management is more likely to promote the long-term restoration of the
longleaf pine/wiregrass ecosystem within Red-cockaded Woodpecker habitat than are al-
ternative scenarios.

Key words: Apalachicola National Forest (Florida, USA); ecosystem management; endangered
species; Florida, northern; foraging guidelines; habitat; longleaf pine; niche gestalt; Picoides borealis;
Pinus palustris; Red-cockaded Woodpecker.

INTRODUCTION

Although much progress has been made in the last
decade toward formulating plans for ecosystem man-
agement of coniferous forests on public lands in the
Pacific Northwest (U.S. Forest Service et al. 1993a, b,
1994), no similar coordinated effort has yet been made
for the management of the coniferous forests in the
southeastern United States. Another major difference
is that, although substantial old-growth forest remains
in the Pacific Northwest, before 1920 virtually all of
the virgin old-growth forests in the southeast were cut
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(Frost 1993). Even so, some regenerated longleaf pine
(Pinus palustris) forests still contain a few relict trees,
and they support .180 rare vascular plant taxa. Some
areas are as rich in endemic plants as any other habitat
in North America (Walker 1993).

The species in the longleaf pine ecosystem for which
the ecology is best understood is the endangered Red-
cockaded Woodpecker (Picoides borealis; Jackson
1994, Conner et al. 2001). It occurs also in loblolly
(Pinus taeda) and shortleaf pine (Pinus echinata) for-
ests (Epting et al. 1995, Doster and James 1998), but
researchers agree that it is most closely adapted to the
longleaf pine ecosystem (Conner et al. 2001). As with
the Northern Spotted Owl (Strix occidentalis caurina)
in the Pacific Northwest, the legal power of the En-
dangered Species Act has been used to constrain timber
harvest on public land to promote recovery of this en-
dangered species (U.S. Forest Service 1995, Conner et
al. 2001). In response, there are newly published guide-
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FIG. 1. Diagram of a sample Red-cockaded Woodpecker
management circle in the Apalachicola National Forest show-
ing (a) the core stand, (a9) the 4-ha cluster site within it that
contains the cluster of cavity trees, (b) one other stand that
is also longleaf pine forest .60 yr old, and (c and d) two
thinned slash pine plantations that have trees .25 cm dbh.
Some of the foraging habitat (a–d) of the group occupying
these stands may be assigned to other groups, if circles over-
lap. The blank areas do not qualify as Red-cockaded Wood-
pecker habitat because they do not have pine trees $25 cm
dbh. They consist of either dense younger pine plantations
or hardwoods.

lines for the management of habitat of the Red-cock-
aded Woodpecker on Forest Service land (U.S. Forest
Service 1995) and unpublished guidelines for wildlife
refuges, military bases, and private land. All of them
retain some criteria similar to those in the latest re-
covery plan (U.S. Fish and Wildlife Service 1985),
which is currently under revision.

In the present paper, we examine the current federal
guidelines in relation to data for Red-cockaded Wood-
peckers in the Apalachicola National Forest in northern
Florida. We then propose a new model for habitat man-
agement based on the concept of the niche gestalt. This
concept is based on early ideas about the perceptual
world of animals (the ‘‘Umwelt’’ of von Uexkull
[1909]) and their species-specific requirements (Grin-
nell 1917a, b, Hutchinson 1958, 1968). The unit of
interest is not the habitat of the focal species but rather
that subset of the structure of its environment that is
relevant to its reproduction and survival (James 1971,
Dueser and Shugart 1978, James et al. 1984, Reinert
1984, Morrison et al. 1992:32; see also the autecolog-
ical paradigm of Hengeveld and Walter [1999]). Be-
cause we cannot understand the perceptual world of
the animal, we assume here only that predictable re-
lationships exist between a species and the structure of
its environment. If there is covariation between the
fitness of the population and the structure of its habitat
in the many places where it exists, that covariation
should lead to a hypothetical optimal niche gestalt.
Although it sounds esoteric, wildlife habitat manage-
ment can be viewed as tests of hypotheses about wheth-
er correlative relationships between the habitat and the
fitness of a focal species are based on causal relation-
ships. One result of such work should be the ability to
develop target criteria for improved habitat for the focal
species. It should allow managers to estimate quanti-
tatively whether changes in habitat are associated with
improvement in the status of the species. Experimental
trials and planned comparisons would constitute quasi-
experimental tests of the predictions based on the con-
cept (Everhardt and Thomas 1991, James and Mc-
Culloch 1995).

In the particular example used here, we analyze co-
variation between demographic data for the Red-cock-
aded Woodpecker and habitat data in a way that allows
identification of the structure of the habitat that is as-
sociated with the healthiest population as opposed to
a structure that may be less satisfactory. Similar work
for other species could lead to an integrated program
for the restoration of the longleaf pine ecosystem.
These objectives are consistent with those in the FE-
MAT report for the management of forests on federal
land in the Pacific Northwest and its associated doc-
uments (U.S. Forest Service and cooperating agencies
1993a, b, 1994), which used population viability anal-
ysis but not the concept of the niche gestalt.

Most current longleaf pine forests are aging without
replacement (Landers et al. 1995). They lack the open

canopies that are required for regeneration. One spe-
cific objective in this study was to ask whether there
is evidence that the Red-cockaded Woodpecker in this
ecosystem is being harmed because so many current
forests have closed canopies.

Current federal guidelines

For management purposes, Red-cockaded Wood-
pecker habitat is usually defined as consisting of a cen-
tral 4-ha nesting area, which contains the cluster of
relict cavity trees where a social group of 1–5 birds
roosts and nests, plus foraging habitat. This central
area, which we will call the cluster site, is usually part
of a substantially larger stand of similar habitat, which
we refer to here as the core stand. Except in rare cases
of remaining old-growth forest, core stands are pine
and mixed pine–hardwood stands that regenerated nat-
urally after their initial cut. Both the current recovery
plan (U.S. Fish and Wildlife Service 1985) and sub-
sequent government documents (Henry 1989, U.S. For-
est Service 1995) recommend that foraging habitat for
the Red-cockaded Woodpecker include a combination
of pine and pine–hardwood stands summing to $51 ha
within a 200-ha area (a circle of 0.8-km radius) cen-
tered on the cluster site (Fig. 1). The recommendations
say that these qualifying stands in the 200-ha manage-
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ment circles should have $6350 pine trees $25 cm in
diameter at breast height (dbh) and a cross-sectional
area of wood (basal area) of 789 m2. Forty percent of
the trees should be $60 yr old.

Apalachicola National Forest

The Apalachicola National Forest in northern Flor-
ida, which consists of two districts divided by the Och-
lockonee River, includes 118 000 ha of managed pine
and pine–hardwood forest. The Apalachicola Ranger
District (ARD), encompassing approximately half of
the managed pine forest, is estimated to harbor ;500
territorial groups of birds, and its population is deemed
to have recovered (U.S. Forest Service 1995). The
Wakulla Ranger District (WRD) was estimated in 1990
to have 90 pairs of territorial birds plus an estimated
18 more single birds defending territories (James 1991,
1995). This high proportion of single birds indicates a
declining population (Conner et al. 2001), a situation
that has continued through the late 1990s. In a random
sample of 23 territories with pairs of birds in the WRD
in 1996, two had been abandoned and two reduced to
single birds by 1999 (17% without pairs). Some aban-
doned territories have been reactivated and some new
territories established in the northeastern section of the
WRD during this period (J. Ruhl, personal communi-
cation). In a 1996 random sample of 32 territories with
pairs in the ARD, one had been abandoned and one
had a single bird in 1999 (6%).

The study by Beyer and colleagues

Beyer et al. (1996) showed that many of the 0.8-km-
radius management circles around Red-cockaded
Woodpecker groups in the Apalachicola National For-
est are not in compliance with the current federal guide-
lines for minimum number of trees .25 cm dbh and
total basal area in the foraging habitat. They found no
relationship between the variables used in the guide-
lines and either the number of adults per group or the
average number of young fledged per group. Their anal-
ysis was for a combination of both the stable ARD and
the declining WRD populations, but Hovis and Labisky
(1985) had shown previously that, even for the healthy
population in the ARD alone, many management cir-
cles were not in compliance with the guidelines. Beyer
et al. concluded that allowing limited reductions of the
minimal criteria in the guidelines could be justified, if
such reductions allowed other management procedures
beneficial to the birds in the long term. Reductions from
these standards have been approved recently by the
U.S. Fish and Wildlife Service for the ARD (U.S. For-
est Service 1999a, b: 3–27; $4100 pine trees $25 cm
dbh and $30 yr old and a total basal area of $511 m2

of trees .13 cm dbh within the management circle;
14–25 m2/ha basal area in stands not managed as un-
even-aged).

Our view is that Red-cockaded Woodpeckers are in-
deed responsive to the amount and quality of their hab-

itat, but that the variables used in the current guidelines
and by Beyer et al. (1996) do not measure them. Like
Beyer et al. (1996), we investigated bird–habitat re-
lationships, using the average number of adults per
group (group size 1–4 adults, according to whether the
territory is being defended by a single bird, a pair, or
a pair with one or two male ‘‘helpers,’’ which are sons
from previous years) and the average number of fledg-
lings per year from the first successful nest in a given
year (productivity 0–3 fledglings).

We extended the analysis of Beyer et al. (1996) by
estimating the relationship between the bird variables
(group size and productivity) and the variables in the
current federal guidelines separately by district. These
two bird variables are known to be related (Lennartz
et al. 1987, Walters 1990, James et al. 1997). Two of
the habitat variables in the guidelines (total number of
trees over a specified diameter in an undefined area of
stands within the management circle and their basal
area) seemed unlikely to us to be relevant to wood-
pecker habitat, so we considered new variables ex-
pressing the density of trees by size class and the com-
position of the ground cover. We knew from previous
work that although Red-cockaded Woodpeckers rarely
go to the ground, there is substantial covariation across
the forest as a whole between the bird variables and
the percentage of herbaceous vegetation in the ground
cover, an indirect indicator of fire history and perhaps
more subtle ecosystem processes (James et al. 1997).

Core stands

Next, we analyzed bird–habitat relationships in core
stands. Core stands include the cluster site with its
cavity trees but are larger and have fairly uniform hab-
itat characteristics. They are typical of stands that re-
generated after the initial harvest, which occurred in
this forest between 1900 and 1920. The current cavity
trees are living, mostly flat-topped, trees that were
spared when the old-growth forest was cut. These cav-
ity trees, which now average .95 yr old, are usually
within stands dominated by 60- to 70-yr-old trees that
have regenerated naturally. There may be slash pines
(Pinus elliotti) in wetter areas and a few scattered hard-
woods, mostly oaks (Quercus spp.). Other stands qual-
ifying as foraging habitat within the management circle
may have a similar history, or they may have been cut,
plowed, fertilized, and planted in even-aged timber.
Red-cockaded Woodpeckers do forage in these pine
plantations, especially those that have been thinned.
The core stands and other stands that regenerated nat-
urally after the initial cut are the most important areas
of the territory of a Red-cockaded Woodpecker group.
They are the ones from which most of the food is pro-
cured when the group is feeding nestlings. The partic-
ular areas that are defended by the group or constitute
its home range extend beyond the core stand, but home
ranges of Red-cockaded Woodpeckers are smallest
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TABLE 1. Summary of bird data and habitat data for appropriate stands in 55 circles of 0.8-km radius centered on clusters
of cavity trees in the two districts of the Apalachicola National Forest (Wakulla Ranger District, WRD; Apalachicola
Ranger District, ARD) in Florida, USA.

Measure
Abbrevia-

tion
WRD

average (SD)
ARD

average (SD)
(WRD 2

ARD) P (t test)

Woodpeckers
Sample size
Group size (average no. adults), 1990–1997
Productivity (average no. fledged per group), 1990–1997
Density of groups (no. groups within 1.6 km in 1994)

ADUL
FLEG
DENS

18
1.62 (0.81)
0.67 (0.54)

4 (2.8)

37
2.23 (0.22)
1.12 (0.4)

9 (3.1)

20.61
20.45
25

,0.01
,0.01
,0.01

Habitat
Area of stands with trees .25 cm dbh†‡
Number of trees .25 cm dbh within the 0.8-km circle‡
Fragmentation of stands within the 0.8-km circle‡
Total basal area of stands with trees .25 cm dbh‡§
Percentage of wiregrass in ground cover
Percentage of gallberry in ground cover

AREA
T.25

TOBA
WIGR
GALB

65 (22)
5810 (2170)

180 (84)
720 (286)

17 (10)
18 (9)

55 (23)
4540 (2190)

150 (75)
527 (242)

35 (15)
19 (11)

110
11270

130
1193
218
21

NS

0.05
NS

0.02
,0.01

NS

Notes: Standard deviations (SD) are given in parentheses. Only 10 groups on the WRD had an average of .1.5 adults per
group for 1990–1997. WRD 2 ARD is the average difference between districts. See Fig. 1 for a diagram of a sample circle.

† The area of a circle with a radius of 0.8 km is ;200 ha. The number of trees divided by the area of their stands (AREA)
gives a general estimate of tree density in the appropriate stands.

‡ Data provided by R. Beyer. Five of Beyer et al.’s (1996) territories were omitted because they had been altered by
subsequent management or they no longer harbored Red-cockaded Woodpeckers.

§ In m2/ha of trees .10 cm dbh in stands with trees $25 cm dbh.

where the habitat is apparently of the highest quality
(Engstrom and Sanders 1997).

We do not contend that habitat improvement alone
will be sufficient to reverse declines in Red-cockaded
Woodpecker populations. Even in the ARD, birds rare-
ly establish new territories. The two most important
additional considerations are cavity limitation (Walters
et al. 1992, Kappes and Harris 1995) and habitat frag-
mentation (Conner and Rudolph 1991, Haig et al. 1993,
Heppell et al. 1994, Rudolph and Conner 1994, Walters
1991, 1998, Thomlinson 1995, 1996). Current man-
agement to address the first need emphasizes the pro-
vision of artificial cavities and the translocation of birds
among populations to establish new social groups
(Hess and Costa 1995, Carrie et al. 1999); the second
is addressed by plans to manage habitat in multiterri-
tory units (Habitat Management Units, U.S. Forest Ser-
vice 1995). Nevertheless, more attention is needed to
long-term habitat quantity and quality.

METHODS

The habitat analysis is based on two sets of data.
The first is for stands with trees .25 cm dbh within
management circles, for 55 groups of woodpeckers in
32 management compartments in the two districts (Ta-
ble 1, Fig. 1a–d). Each pine stand has been managed
for timber harvest as a unit, and the prescribed burning
program has been conducted by compartments, which
can include several woodpecker management circles
(Fig. 1). A stand was assigned to only one group of
birds, and several groups in the ARD had overlapping
circles. Other areas within the circle were unsuitable
because they either were dense plantations of small
slash or longleaf pines or were wetter areas dominated
by deciduous vegetation. Beyer et al. (1996) reported

bird and habitat variables in the federal guidelines for
these groups for 1990–1993 plus data for the angular-
sum index of fragmentation and contributed that in-
formation to this analysis. The angular-sum index
(ASIN) is based on sums of angles formed by drawing
pairs of lines from the geometric center of each cluster
of cavity trees to the lateral edges of each fragmenting
feature within the management circle. The habitat data
were collected as directed by the U.S. Fish and Wildlife
Service on the basis of one 0.04-ha circular plot per
0.4 ha or 0.6 ha. For each stand, we determined the
percentage composition of the ground cover by taking
60 readings through an ocular tube on alternate steps
along three transects that were representative of the
stand (James and Shugart 1970). Averages of ground-
cover percentages of wiregrass (Aristida stricta) and
gallberry (Ilex glabra) were weighted by the size of
that stand relative to the sizes of other qualifying
stands. We have added bird data for 1994–1997.

The second set of data is for birds (1992–1998) and
habitat (1996) in both districts in 55 core stands (Fig.
1a), each of which is in a separate management com-
partment (Table 2). One group of birds was chosen for
inclusion from each of a random sample of the 200
management compartments in the entire forest. Each
group had an average of .1.5 adults for the period
1992–1998. The core stands ranged in size from 9 to
60 ha for the WRD and from 9 to 62 ha for the ARD.
Densities of trees by size class were estimated from
counts in three representative 0.04-ha circular plots
(James and Shugart 1970). Ground-cover data were ob-
tained using an ocular tube as above for .20 species
of plants.3 Only five of the woodpecker groups in this
data set were in the first data set.

3 URL: ^http://bio.fsu.edu/htmls/fjindex.html&
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TABLE 2. Summary of bird data and habitat data for 55 core stands by district (Wakulla Ranger District, WRD; Apalachicola
Ranger District, ARD).

Measure Abbreviation
WRD (n 5 22

core stands)
ARD (n 5 33
core stands)

Group size (average no. adults), 1992–1998†
Productivity (average no. fledged per group), 1992–1998
Density of groups within 1.6 km
Area of the core stand (ha)
Relict trees within a circle of 50-m radius

ADUL
FLEG
DENS

RLCT

2.15 (0.30)
0.91 (0.40)
3.5 (1–7)‡
32 (15)
93 (0–6)‡

2.57 (0.50)
1.44 (0.50)
6 (2–12)‡
30 (15)
5 (0–21)‡

Small trees (15–25 cm dbh) per hectare
Medium trees (25–35 cm dbh) per hectare
Large trees (.35 cm dbh) per hectare
Trees .25 cm dbh per hectare

SMTR
METR
LATR

93 (50)
90 (40)
14 (13)
104 (35)

47 (30)
81 (45)
41 (20)
123 (45)

Large minus small trees
Basal area (m2/ha)
Percentage wiregrass in ground cover
Percentage gallberry in ground cover

LATR2SMTR

WIGR
GALB

279 (50)
7.5 (2.5)
15 (11)
14 (10)

26 (43)
10.3 (3.5)
43 (20)
14 (11)

Percentage woody vegetation in ground cover
Percentage palmetto
Percentage woody 1 palmetto
Wiregrass 2 (woody 1 palmetto)
Median no. trees ,25 cm dbh in 0.8 ha, pine regeneration

WDPM
WIGR2WDPM
NPRE

46 (13)
25 (13)
71 (18)
256 (26)
3.5 (0–30)‡

29 (18)
12 (8)
40 (23)
3 (40)
9 (0–80)†

Notes: Data are averages with standard deviations (SD) given in parentheses except where noted otherwise. Habitat data
were obtained in 1996. See area ‘‘a’’ in Fig. 1 for a sample core stand. Multiply square meters per hectare by 10.76 to get
square feet per hectare. Multiply square feet per hectare by 2.47 to get square feet per acre.

† All groups averaged .1.5 adults.
‡ Median and range.

We visited all woodpecker groups reported here once
every 10 d in the breeding season to determine whether
nesting had been initiated. Nestlings were banded when
they were 5–8 d old. We determined the number fledged
by visiting each group 3 d after the expected fledging
date. The bird data are averages for the number of
adults (breeding pair plus helper males) per group and
the average number of fledglings produced per year
(productivity).

Statistical analyses consist of Pearson correlations,
simple and multiple regressions, and Kruskal-Wallis
tests. These and the more exploratory box plots and
graphs that give locally weighted regression (LOESS)
lines (Cleveland and Devlin 1988) were performed in
SYSTAT (Wilkinson et al. 1992).

RESULTS

Habitat in the management circle and compliance
with current federal guidelines

Although the ARD has fewer trees .25 cm dbh
(T.25) and lower total basal area (TOBA) within qual-
ifying stands in woodpecker management circles, group
size (ADUL), productivity (FLEG), and the density of
nearby active groups (DENS) are higher in the ARD
than in the WRD (Table 1). The ARD also has more
wiregrass (WIGR) in the ground cover (Table 1). Eight
groups of birds in the WRD sample disappeared be-
tween 1990 and 1997. Some of the remaining 47 areas
were occupied by single birds or no birds in some years,
but the averages were all .1.5 adults. The density of
social groups is negatively related to all of the habitat
variables in the federal guidelines (AREA, T.25,
TOBA) but strongly positively related to the percentage

of wiregrass in the ground cover (Table 3A). Some of
the low correlations may be at least partly due to some
weak but interesting nonlinear relationships. For ex-
ample, group size and productivity are larger when the
area of stands with trees .25 cm dbh (AREA) within
the management circle is 40–75 ha than below and
above those values (Fig. 2a, b). The same pattern is
apparent with the percentage of wiregrass in the ap-
propriate stands in the management circle. Note that
all 10 of the WRD values fall below the LOESS fit
through the data as a whole (Fig. 2c). The percentage
of gallberry (GALB) tends to increase with area of
appropriate stands in both districts (Fig. 2d). Birds do
better in smaller territories where there is less gallberry
in the understory (Table 3A). Note in Fig. 2d that the
largest areas of foraging habitat have the highest per-
centage of gallberry in the ground cover and in Fig.
2b that these areas are not the most productive. Group
size and productivity do not increase with area .75 ha.
Thus, with high gallberry, the birds require exception-
ally large areas of foraging habitat, but even then they
are less productive than groups with smaller territories
that have more wiregrass and less gallberry (Fig. 2b–d).

In both districts of the forest, the average number of
trees .25 cm dbh and the total basal area of the stands
with such trees within 0.8 km of the cluster of cavity
trees are estimated to be lower than required by the
current federal guidelines (4540 trees for the ARD,
5810 trees for the WRD, 6350 trees in the guidelines;
527 m2 basal area for the ARD, 720 m2 for the WRD,
789 m2 in the guidelines) (Table 1). By these criteria,
habitat of the healthier ARD population falls farther
short of the guidelines than does that in the WRD. Only
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TABLE 3. Two sets of Pearson correlations between wood-
pecker and habitat variables, one for habitat within 0.8 km
of the cluster of cavity trees (Table 1) and one for habitat
in the core stand (Table 2).

Variables ADUL FLEG DENS

A) Habitat within 0.8 km (n 5 47 groups)†

AREA
T.25
TOBA
T.25 1 TOBA
ASIN
WIGR
GALB

0.09
0.06
0.02
0.04
0.11
0.16

20.23

20.06
20.13
20.11
20.12
20.06

0.12
20.17

20.19
20.24
20.25
20.25
20.01

0.51
20.08

B) Habitat in core stand (n 5 55 groups)

SMTR
METR
LATR
LATR2SMTR

20.48
20.08

0.37
0.52

20.29
20.15

0.29
0.34

20.23
20.04

0.11
0.22

WIGR
GALB
WOOD
WDPM
WIGR2WDPM

0.47
20.11
20.47
20.52

0.51

0.36
20.07
20.49
20.51

0.45

0.48
20.07
20.34
20.38

0.44
SQR(RLCT)‡
NPRE

0.41
0.17

0.26
0.14

0.36
0.37

Notes: All groups had an average of $ 1.5 adults. ASIN
is the angular sum index. Tables 1 and 2 give definitions of
the variables.

† Only 10 groups were in the Wakulla Ranger District.
Correlations by district were also below 60.25 except that r
5 20.35 for percentage of gallberry vs. productivity on WRD
(Table 1).

‡ Square root of the number of relict trees.

44% of the territories on the WRD and 15% of those
on the ARD are estimated to be in full compliance with
all three major criteria of the guidelines. All Kruskal-
Wallis tests among groups within districts showed that
groups whose habitat meets the guidelines do not have
significantly larger group size or higher productivity
of fledglings than do groups in habitat that does not
meet the guidelines. Apparently, the recommendations
for total tree number and basal area in the current guide-
lines are inappropriate for this forest (Table 4).

Habitat in core stands

In the second data set (Table 2), the vegetation data
include densities of trees by size class and percentages
of 21 species of plants in the ground cover of the core
stand of each territory. The Pearson correlation be-
tween adult group size (ADUL) and productivity of
fledglings (FLEG) was r 5 0.59 for this second data
set of 55 groups. Only five species of plants each com-
prised .4% of the ground cover in one district. In the
ARD, the dominant species were wiregrass (WIGR)
(43%), gallberry (GALB) (14%), palmetto (Serenoa
repens) (12%), and bluestem grass (Andropogon spp.)
(6%). In the WRD, they were palmetto (25%), wire-
grass (15%), runner oak (Quercus spp.) (16%), gall-
berry (14%), and shiny blueberry (Vaccinium myrsin-
ites and V. darrowi) (5%). We report data for wiregrass,

gallberry, total woody vegetation, and palmetto vege-
tation in the ground cover (Table 2).

By examining data for the distribution of pine trees
organized by all 5-cm size classes, we were able to
identify size classes and combinations of size classes
that were associated with high values of the wood-
pecker variables. For simplicity, we refer to trees 15–
25 cm dbh as ‘‘small,’’ trees 25–35 cm dbh as ‘‘me-
dium,’’ and trees .35 dbh as ‘‘large.’’

The first striking relationship is the difference be-
tween districts in the relative densities of large and
small trees, expressed as the density of large trees mi-
nus the density of small ones (LATR 2 SMTR) (279
for WRD, 26 for ARD; Table 2) and its high positive
correlations with the bird variables (Table 3B). A sec-
ond major difference between districts is the relative
percentages of wiregrass and woody vegetation plus
palmetto vegetation in the ground cover, expressed as
the percentage of wiregrass minus the percentage of
(woody 1 palmetto) vegetation (256% for WRD, 3%
for ARD; Table 2). This composite variable (WIGR 2
WDPM) is also highly correlated with the bird vari-
ables (Table 3B). The Pearson correlations between
woodpecker variables and these composite habitat var-
iables for core stands are higher than those for any of
the habitat variables considered in data for habitat with-
in 0.8 km, except for wiregrass (Table 3).

Next we explored relationships in the 55 core stands
by making graphic comparisons between districts
(Figs. 3–5). The Pearson correlation between the den-
sities of small and large trees for these 55 core stands
in the two districts is r 5 20.44, higher than corre-
lations among other potential combinations of tree-den-
sity variables. In a graphic habitat space for these two
variables, 60% concentration ellipses for the two dis-
tricts show that this negative relationship is largely due
to the differences between districts (Fig. 3). Within the
WRD, variation in the density of small trees is high.
Stands in the ARD tend to have high ratios of large to
small trees. Because the graph presents the position of
the habitat in the core stand of each group of birds in
this space, it shows how densities of the two size clas-
ses of trees would have to change to make the WRD
territories more like the ARD ones (Fig. 3). The values
for the average ARD site, which might be taken to be
a conservative management objective, are close to 40
large and 50 small pine trees per hectare (Table 2),
whereas those for the average WRD site are closer to
15 large and 90 small trees/ha, respectively.

Both the percentage of wiregrass and that of (woody
1 palmetto) vegetation in this data set for core stands
are related to the density of social groups (WIGR vs.
DENS r 5 0.48, WDPM vs. DENS r 5 20.38). In a
graphic habitat space, 60% concentration ellipses show
that their negative relationship occurs independently
on each district (Fig. 4). To make the ground cover of
the WRD more like that of the ARD, management
would have to move it along this axis of increasing
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FIG. 2. Relationships between area of foraging habitat within the management circle (AREA) and (a) average group size
(ADUL), (b) average productivity of fledglings (FLEG), and (c) percentage wiregrass (WIGR) and (d) gallberry (GALB) in
the ground cover. The data are for the 47 groups of Red-cockaded Woodpeckers that had an average of .1.5 adults per group
from 1990 through 1997 in the data set reported in Table 1. LOESS lines use f 5 0.7. Dots are ARD sites; open squares are
WRD sites.

wiregrass and other herbaceous vegetation and decreas-
ing (woody 1 palmetto) vegetation. The average values
for the ARD, which again might be taken as a conser-
vative objective, imply that wiregrass, or at least her-
baceous vegetation, should constitute $40% of the
ground cover (Table 2). Alternatively, (woody 1 pal-
metto) vegetation should not be .40% of ground cover.

In summary, the health of the woodpecker population
is related, however indirectly, to the density and size-
class distribution of pine trees and also to the com-
position of the ground cover. These relationships were
not apparent when only the total number of trees .25
cm dbh in an undefined area of qualifying stands within
the management circle was considered, as in the first

data set (Table 3). That total does not give the density
of trees because the area of such stands within 0.8 km
of the cluster of cavity trees is variable. In the core
stand, the lowest percentage of (woody 1 palmetto)
vegetation combined with the highest density of large
trees and the lowest density of small trees tends to be
where the group size and productivity of woodpeckers
are largest (Table 3).

The difference between density of large trees and
density of small ones is more highly correlated with
the bird variables than is the density of either class
alone, and areas with positive differences have the most
vigorous woodpecker groups (Table 3B), suggesting
that the structure of the pine forest is at least as im-
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TABLE 4. Status of Red-cockaded Woodpecker groups and
longleaf pine forest in northern Florida in relation to U.S.
federal guidelines for management of the woodpecker pop-
ulation.

Measures

WRD (n 5
18 groups)

Yes No

ARD (n 5
37 groups)

Yes No

Area of foraging habitat within management circle $51 ha
Percentage in compliance
Group size
Productivity

78
1.62
0.67

22
1.51
0.66

51
2.26
1.13

49
2.20
1.11

At least 6350 medium or large pine stems within management
circle
Percentage in compliance
Group size
Productivity

50
1.60
0.52

50
1.65
0.82

19
2.27
1.09

81
2.22
1.13

Basal area of pines in foraging habitat $789 m2†
Percentage in compliance
Group size
Productivity

44
1.46
0.53

56
1.76
0.78

15
2.23
1.15

85
2.23
1.12

Notes: Shown are values for 55 woodpecker management
circles (circles of 0.8-km radius centered on the cluster of
cavity trees; see Table 1) in the two districts (WRD, ARD)
of the Apalachicola National Forest that are (‘‘Yes’’) and are
not (‘‘No’’) in compliance with current federal guidelines.

† Does not say in what size area, which is variable ac-
cording to the area of stands that qualify (have trees .25 cm
dbh).

FIG. 3. The structure of the pine forest expressed as num-
bers of large (.35 cm dbh) and small (15–25 cm dbh) trees
per hectare in 55 core stands in the Apalachicola National
Forest. A 60% concentration ellipse is given for each district.
See Table 2 for a data summary and the region marked ‘‘a’’
in Fig. 1 for an example of a core stand. Dots are ARD sites;
open squares are WRD sites.

FIG. 4. The composition of the ground cover in 55 core
stands in the Apalachicola National Forest (Table 2). The
variables are percentage wiregrass (WIGR) and percentage
(woody 1 palmetto) vegetation (WDPM). A 60% concentra-
tion ellipse is given for each district. Dots are ARD sites;
open squares are WRD sites.

portant as the densities of individual size classes of
trees.

There is substantial covariation between tree struc-
ture and the proportion of herbaceous vegetation in the
ground cover (Fig. 5a). Both of these major structural
variables are related to group size both within and be-
tween districts. Even so, note that the relationship is
most pronounced in the ARD (Fig. 5b, c).

Regression analysis and the importance of
relict trees

Some of the above relationships may be happen-
stance correlations with other variables. For example,
we know that Red-cockaded Woodpeckers require rel-
ict trees for cavity excavation. The Pearson correlation
of the square root of the number of relict trees
(SQR(RLCT)) with LATR 2 SMTR is r 5 0.45 and
with WIGR 2 WDPM r 5 0.43. A comparison of the
explanatory power of various simple and multiple lin-
ear regressions can help clarify the nature of this co-
variation (Table 5). First, the square root of the number
of relict trees, SQR(RLCT), alone accounts for 17% of
the variance in group size (ADUL), whereas LATR 2
SMTR and WIGR 2 WDPM alone each account for
.25%. Also, a combination of all three variables ac-
counts for 31% of the variation in group size (R2 5
0.31), but this is not higher than the percentage ac-
counted for without SQR(RLCT). Similarly, when
group density (DENS) is the dependent variable, a com-
bination of SQR(RLCT) and WIGR accounts for 23%
of the variance, but WIGR alone accounts for 22% and

SQR(RLCT) for only 13%. Thus, although a few relict
trees are required by Red-cockaded Woodpeckers, in
this data set group size and density are more closely
related to general structural features of the forest. In-
formation about the number of additional relict trees
does not improve the explanatory power of the tree
density and ground cover variables.
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FIG. 5. (a) The relationship between ground cover (WIGR
2 WDPM) and tree structure (LATR 2 SMTR) in core stands.
(b) The relationship between group size (ADUL) and tree
structure. (c) The relationship between group size and ground
cover. Dots are ARD sites; open squares are WRD sites.

Could the habitat within the ARD be improved?

Yes. For the 33 woodpecker groups in the ARD,
Pearson correlations between group size and core-stand
tree structure and between group size and ground cover
are r 5 0.46 and r 5 0.40, respectively. With this
relationship and the substantial variation among
groups, it might be possible to increase average group
size and productivity of fledglings, which are highly
related to one another (r 5 0.60) in the district. For
the 22 groups in the WRD, these correlations are weak-
er (group size and tree structure r 5 0.18, group size
and ground cover r 5 0.11), and variation among
groups is lower (see standard deviations in Table 2).
Note the difference in slopes between districts in both
Fig. 5b and c. It is only when the ARD groups are
included that the strong relationships become apparent
(for combined data, group size and tree structure r 5
0.52; group size and ground cover r 5 0.51; Table 3).

Thinning to change the structure of the forest

The difference between adequate and good habitat
for the Red-cockaded Woodpecker in the Apalachicola
National Forest is shown diagramatically in Fig. 6a and
b, which represent average differences between the
WRD and the ARD. The good habitat has small patches
of pine regeneration and an open canopy. Its more her-
baceous ground cover readily carries prescribed fire.
More detail about the differences in tree structure is
apparent from examination of smoothed values for av-
erage differences in the estimated number of trees per
4 ha by size class between the two districts of the forest
(columns 3 and 4 in Table 6; squares in Fig. 7a, b).
Again it is clear that thinning trees in size classes ,35
cm would alter the structure of the WRD forest toward
that of the ARD forest.

The bulge in the size distribution of ARD trees at
35 cm dbh (Fig. 7a) is attributable to the pulse of re-
generation that followed the initial cut. Data from cores
of 23 ARD trees in flatwoods habitat provided by A.
Clark indicate that the average 80-yr-old tree is 35 cm
dbh. Suppression in tree growth in the WRD relative
to the ARD is indicated by the larger number of trees
in lower size classes (Fig. 7b) and from the estimate,
from 70 cores of trees from flatwoods sites on the
WRD, that the average 80-yr-old tree is 31 cm dbh.

In spite of the bulge in 70- to 80-yr-old trees, an
important characteristic of the densities of trees by size
class in the ARD is its nearly linear pattern for dbh
.10 cm (Fig. 7a). Thus, a reasonable general target
distribution that would mimic the distribution of trees
by size class in the ARD, where the Red-cockaded
Woodpecker population has recovered, might be de-
scribed by the equation

(number of trees in 4 ha in a 5-cm size class)
5 intercept 2 3.4(average size for that class).

If site differences in soil, soil moisture, and tree density
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TABLE 5. Regression analysis for predictions of group size (ADUL) and group density (DENS) from habitat variables for
core stands (Table 2) in 55 territories of Red-cockaded Woodpeckers.

Prediction equations R2 F P

Group size 5
2.6 1 0.003 (LATR 2 SMTR) 1 0.003 (WIGR 2 WDPM)
2.4 1 0.002 (LATR 2 SMTR) 1 0.003 (WIGR 2 WDPM) 1 0.07 SQR(RLCT)
2.5 2 0.004 (LATR 2 SMTR)
2.5 1 0.005 (WIGR 2 WDPM)
2.0 1 0.19 SQR(RLCT)

0.31
0.31
0.27
0.26
0.17

13.1
8.9

19.2
19.0
10.1

,0.001
,0.001
,0.001
,0.001

0.003

Group density 5
2.7 1 0.05 WIGR 1 0.48 SQR(RLCT)
3.3 1 0.06 WIGR
5.7 1 0.02 (WIGR 2 WDPM)
3.4 1 0.93 SQR(RLCT)

0.23
0.22
0.19
0.13

8.6
15.7
12.4

7.7

,0.001
,0.001
,0.001

0.008

Note: Variables are defined in Table 1.

varied so much that 80-yr-old trees were substantially
smaller or larger than 35 cm dbh, the target distribution
could be shifted, changing the maximum tree size for
the target distribution but keeping the slope (Fig. 7a).

The second column in Table 6 gives an example of
a theoretical distribution proposed by Farrar (1996) for
a program of uneven-aged management (UEAM). This
distribution is calculated by selection of a maximum
tree diameter (in this case, 56 cm) and a size distri-
bution determined by multiplication of successively
smaller 2.54-cm size classes by 1.2. The result is a
reverse-J size distribution, a negative exponential prob-
ability density function. Note that this distribution is
more nonlinear than the current WRD distribution and
quite different from our target distribution (columns 5–
7 in Table 6).

DISCUSSION

The longleaf pine ecosystem, which initially covered
;37 3 106 ha of the southeastern United States, has
been displaced from most of the vast uplands it once
occupied (Frost 1993). Opportunities for its restoration
are best in the 1 3 106 ha of forest that now occurs in
stands that regenerated naturally after the initial cut
and have never been plowed, but of that forest Frost
(1993) estimated that ,300 000 ha remain in good con-
dition, not heavily invaded by hardwoods, with some
herbaceous vegetation remaining in the ground cover,
and being managed with prescribed fire. New habitat-
management areas for the Red-cockaded Woodpecker
in longleaf pine forests in national forests (U.S. Forest
Service 1995) and similar areas on wildlife refuges and
military bases are likely to be among the best examples
of what remains and should have high priority as sites
for restoration, not just as foraging habitat for the Red-
cockaded Woodpecker but for the ecosystem as a
whole. That this longleaf pine ecosystem requires an
open canopy and frequently burned forests to be
healthy is well known (Hermann 1993). What our re-
sults show is that even within a population of the Red-
cockaded Woodpecker deemed to have recovered, there
is substantial room for improvement in this direction.

Others have already complained about the minimal
criteria in the current federal guidelines for the man-
agement of foraging habitat of Red-cockaded Wood-
peckers (Beyer et al. [1996], using the first four of the
eight years of data reported here; Wigley et al. [1999],
using data from industrial land in Louisiana; Hardesty
et al. [1997], using data from Eglin Air Force Base in
the Florida panhandle) but not about the choice of var-
iables. Even in South Carolina, where the guidelines
were developed, subsequent work showed that group
size and reproductive success of the birds did not nec-
essarily decline when timber harvest reduced habitat
below the recommended standards (Hooper and Len-
nartz 1995). New guidelines are being developed for a
new recovery plan, which is now in draft form.

We found, for both districts in the Apalachicola Na-
tional Forest, not only that the current guidelines are
using inappropriate levels of variables but that some
of the variables themselves are inappropriate. The first
example is basal area, a measure of the cross-sectional
area of wood in a forest stand, and the second is the
total number of trees .25 cm dbh. Both variables are
used as minimal criteria in the current guidelines for
undefined sizes of areas of qualifying stands within
management circles.

We introduced the concept of the niche gestalt and
proposed that management to mimic the structure of
the habitat of a species where it has an especially
healthy population might provide the species-specific
resources that allow it to thrive. Even though it may
be impossible to know the optimal niche gestalt or to
understand all the mechanisms at work, comparisons
among many places can be used to develop target val-
ues of habitat characteristics that can be useful to man-
agers. This part of species-centered environmental
analysis (James et al. 1997) could be repeated for other
target species to evaluate the likelihood of trade-offs
whereby management might harm some species while
favoring others. Of course if the threat to the focal
species is not ecosystem-related, as for example com-
petition with an invading species (Kappes and Harris
1995), the method will fail.
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FIG. 6. Diagrams of (a) adequate and (b) good habitat. The latter has a more open canopy, more large than small trees,
and more herbaceous than woody ground cover. It can be achieved by more burning plus thinning of trees and creation of
small open patches. The burning reduces the woody shrubs and palmetto, promotes the growth of wiregrass and forbs, and
provides a substrate for pine regeneration. Thinning releases the remaining trees from competition and allows more sun to
reach the ground cover.
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TABLE 6. Theoretical target numbers of trees by size class
per 4 ha after several decades of uneven-aged management
(UEAM) compared with smoothed estimates of current
numbers in core stands in the two districts (WRD and ARD)
of the Apalachicola National Forest.

Size class
(cm dbh)

No. trees/4 ha†

Theo-
retical

no. trees
(UEAM)

Current no.
trees

WRD ARD

Target no. trees,
average size at 80 yr

25
cm

35
cm‡

45
cm

.55
50–55
45–50
40–45

10
25
40
50

0
0
0
0

0
0
0

30

0
0

20
35

0
15
30
50

15
20
50
65

35–40
30–35
25–30
20–25

80
110
160
230

35
130
130
200

132
170
100

80

50
70
85

105

65
85

100
115

85
100
115
135

15–20
10–15
.25 (rounded)

340
480
475

230
230
300

70
160
430

120
135
260

135
150
345

150
170
450

Notes: The theoretical numbers in column 2 are calculated
from Farrar (1996) for uneven-aged management. Columns
3 and 4 give current estimates for the average core stand for
WRD and ARD. Column 6 gives our recommended target
distribution. It is a smoothed and extended version of column
4 for the ARD, where the Red-cockaded Woodpecker pop-
ulation is large and healthy and the average tree of size 35
cm dbh is estimated to be 80 yr old. Columns 5 and 7 show
how this target could be adjusted for site differences in es-
timates of the average diameter of 80-yr-old trees.

† To get trees per acre, divide by 10.
‡ Basal area is 11.1 m2/ha or 48.4 ft2/acre; ft2/acre 5 (m2/

ha 3 10.76)/2.47.

FIG. 7. (a) Target distribution of trees by size class (see
Table 6, column 6). If a 25-cm-dbh tree is estimated to be
,80 yr old, distribution can be shifted to the left. If a 45-
cm-dbh tree is estimated to be 80 yr old, distribution can be
shifted to the right. (b) Current distribution of trees by size
class in the Wakulla Ranger District, compared with the target
distribution.

We suggest that revised guidelines include targets
for the percentage of herbaceous vegetation in the
ground cover and for the densities of trees by diameter
size classes. They should be tried not only in the core
stand but in all naturally regenerated longleaf pine
stands in designated restoration circles in Red-cock-
aded Woodpecker habitat. Red-cockaded Woodpeckers
prefer to forage on older trees (Engstrom and Sanders
1997, Moranz and Hardesty 1998, Zwicker and Walters
1999), and their spatial arrangement is an important
component of the niche gestalt.

The trajectory of change in restoration circles would
move stands toward the target tree structure in Table
6 and from the lower right to the upper left quadrants
of Figs. 3 and 4. This management would require a
more aggressive program of prescribed burning plus
the harvest of smaller pine trees where there is a closed
canopy. A longer term objective of developing old-
growth conditions might be feasible but is not neces-
sary for recovery of the species and is not compatible
with another objective in most Red-cockaded Wood-
pecker habitat—that of providing timber for harvest.

Caveats and possible objections

First, we are not discussing the management of hab-
itat that is in stands of loblolly or shortleaf pine. Such
areas are likely to require different strategies (Rudolph

and Conner 1996). Also, we are not discussing methods
for the removal of hardwood midstory, a successional
problem in many other areas (Conner et al. 1999) and
an issue under investigation by Hardesty et al. (1999).

Second, why did we find tree structure to be so im-
portant when neither James et al. (1997) nor others have
done so in composite analyses of the various stand
structures in management circles? One reason is that
averaging the characteristics of a set of stands, some
of which are plantations, as in James et al. (1997),
obscures some of the explanatory power of the rela-
tionships in naturally regenerated stands. Note, how-
ever, that both James et al. (1997) and Hardesty et al.
(1997) found that the number of trees in all stands of
current Red-cockaded Woodpecker habitat is negative-
ly related to the productivity of the birds.

Third, is tree structure more important than ground
cover? No, these aspects must be managed together,
and achievement of target conditions may take several
decades. With an open canopy, the pine trees grow
better (Boyer 1993), more light gets to the ground,
herbaceous vegetation flourishes in the ground cover
and then carries a fire well (Platt et al. 1988).

Fourth, is it only the core stand that is important to
Red-cockaded Woodpeckers? No. Defended areas in all
populations of Red-cockaded Woodpeckers cover $40
ha (Engstrom and Sanders 1997; Conner et al. 2001),
and home ranges are much larger (Porter and Labisky
1986). The density of social groups is highest in habitat
that has a high percentage of herbaceous vegetation in
the ground cover (James et al. 1997) and that most
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closely resembles old-growth forest (Engstrom and
Sanders 1997). In the WRD, where the average area of
habitat available to a group for foraging is 65 ha, the
woodpecker population is declining and habitat quality
is low. This population and others may already have
declined to the point that habitat fragmentation is lim-
iting dispersal, causing a shortage of mates and a de-
mographic collapse (Heppell et al. 1994, Thomlinson
1996, Conner et al. 2001). That particular concern is
being addressed in a large experimental project at Eglin
Air Force Base in western Florida (Moranz et al. 1998)
and elsewhere with programs for the insertion of ar-
tificial cavities and the translocation of birds (U.S. For-
est Service 1995, Walters et al. 1995, Conner et al.
2001). It is also being addressed in the new plans to
manage multiple territories in national forests in hab-
itat-management areas (U.S. Forest Service 1995).

Fifth, are there inherent site-quality differences, like
properties of the soil, that are also correlates of the
habitat variables, so that management toward the hab-
itat of the recovered population might not work? Cer-
tainly there are. Our data do not include sites in the
sandhills area in the northeastern part of the forest.
Across most of the remainder of the forest, soils are
similar, but the soil of the savannas in the westernmost
10% of the Apalachicola Ranger District has clayey
subsoil and a higher water-retention power than the
soils elsewhere (U.S. Forest Service 1984). Because
the entire forest was originally cut at about the same
time, the current habitat differences are due to an un-
known combination of site differences, past burning
history, past harvest, and suppression due to crowding.
Nevertheless, opening up the structure of the habitat
of closed-canopy stands should be beneficial for the
ecosystem regardless of initial conditions. Guidelines
could allow for assessments of initial conditions and
then give scales along which quantitative improve-
ments could be measured.

Sixth, do we expect the correlations found here with-
in the ARD and between the WRD and the ARD and
by Hardesty et al. (1997) to be apparent within pop-
ulations elsewhere? Not unless there is substantial var-
iation in habitat and bird variables within those study
populations. The variation in habitat and birds in the
Apalachicola National Forest and the fairly large num-
ber of groups available for study made it possible for
us to analyze their covariation.

The Florida plan

For longleaf and slash pine forests in the three na-
tional forests in Florida, the National Forests of Florida
(U.S. Forest Service 1999b) recommend prescribed
burning plus a combination of uneven-aged and even-
aged silviculture. With uneven-aged management, thin-
ning would occur in size classes of trees deemed to be
in excess of a specific distribution of trees by size class,
and at least 15 trees/ha larger than 46 cm dbh would
be retained. With uneven-aged management (group se-

lection, U.S. Forest Service 1999b), patches of 0.1 to
0.8 ha would be cut to encourage natural pine regen-
eration. An even-aged method, called irregular shel-
terwood harvest, which is a clearcutting method that
leaves $15 trees/ha over 46 cm, is also available. It is
beyond the scope of this paper to evaluate the argu-
ments for and against different methods of silviculture
(Walker 1995). Hedrick et al. (1998) prefer even-aged
management; Engstrom et al. (1996) prefer uneven-
aged management. Note, however, that the recommen-
dations in the new Florida plan (U.S. Forest Service
1999b) are for a combination of strategies for achieving
a self-perpetuating all-aged forest. If implemented
carefully they could improve the composition of the
ground cover, release overcrowded pine crowns, open
up the canopy, facilitate regeneration, and maintain a
healthy size and age distribution of pine trees. That
would require substantial thinning of current stands,
burning, and opening up of new patches of the forest
floor. It could be entirely compatible with our recom-
mendations.

The large area of current Red-cockaded Woodpecker
habitat that was plowed and is now in thinned plan-
tations of slash pine .25 cm dbh (Fig. 1, stand d) will
require conversion. Managers agree that conversion
back to longleaf pine would be beneficial (U.S. Forest
Service 1995). The objective of changing a plantation
into good Red-cockaded Woodpecker habitat could be
accomplished gradually, without plowing, by creation
of openings, planting of longleaf pine seedlings, and
management toward the target niche gestalt.

In national forests and elsewhere, the question
should not be limited to how timber harvest should be
restricted so that Red-cockaded Woodpeckers can ful-
fill their foraging requirements. It is really how the
long-term health of the longleaf pine ecosystem, in-
cluding the Red-cockaded Woodpecker population, can
be promoted, even as the production of saw timber is
allowed (Landers et al. 1995). The management pro-
posed in the plan for the national forests of Florida
(U.S. Forest Service 1999b) is compatible with man-
agement toward a target niche gestalt for the Red-cock-
aded Woodpecker, but that result is unlikely without
more specific guidelines for changes in the ground cov-
er and structure of the forest.

Extension to multiple-species analysis

Extension from single- to multiple-species analysis
that spans the scales considered here is clearly possible
(e.g., Morrison et al. 1992:246, Plentivich et al. 1998),
although it might involve trade-offs in objectives. An
analysis for the gopher tortoise (Gopherus polyphemus)
would show the extent to which its demography co-
varies with environmental features like deep dry soil,
a pine forest with an open canopy, minimal midstory,
and a thick herbaceous ground cover. Aresco and Guyer
(1999) showed that, in slash pine plantations in the
Conecuh National Forest, tortoises abandon burrows
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when the canopy closes. An analysis for the flatwoods
salamander (Ambystoma cingulatum) would show the
extent of dependence on both the open pine woods and
cypress ponds. Like the Red-cockaded Woodpecker and
the longleaf pine ecosystem itself, these species now
occupy only a small fraction of their original geograph-
ic ranges, and it is almost entirely on federal land. Most
if not all of the rare plants associated with longleaf
pine forests in Florida would be expected to benefit
from being released from the shade of a closed-canopy
forest (S. M. Hermann, personal communication).
More burning in both the growing and the dormant
seasons for plant growth and opening up the canopy
of the pine forests could promote restoration of this
ecosystem in places that have not been plowed.

Other models

There are several other ways to model habitat rela-
tionships of focal species of animals, to make predictions
about where they occur, and to develop management rec-
ommendations. For the Red-cockaded Woodpecker, Hep-
pell et al. (1994) used a deterministic stage-based matrix
model to show that the best way to increase the number
of breeding groups is to control the understory vegetation
and to provide artificial drilled cavities. However, they
admitted that the main problem for managers is the lack
of suitable territories. Another approach is the analytic
model advocated by the U.S. Fish and Wildlife Service
(1980), which uses an index to a combination of species-
specific habitat variables (Habitat Suitability Index mod-
els of Schamberger et al. [1982]; Habitat Evaluation Pro-
cedures of the U.S. Fish And Wildlife Service [1980]).
The history of the success of predictions made by these
analytic models has been disappointing (Stauffer and Best
1986). A third method combines simulations of forest
succession in land cover types (Boyce 1980, 1985, Ben-
son and Laudenslayer 1986) to predict the population
density of a focal species (Kirkman et al. 1986). By far
the most complex method combines demographic simu-
lation modeling with a habitat classification system into
a spatially explicit model that allows for interacting sub-
populations (Noon and McKelvey 1996, Letcher et al.
1998). Such individual-based models require more precise
demographic data than are usually available, so their re-
liability can be uncertain (Green and Hirons 1991, Mur-
doch 1992, Heppell et al. 1994, NRC 1995, Caughley
and Gunn 1996, Groom and Pascual 1998, Walters 1998).
We think that simpler models that emphasize covariation
between environmental variables and selected demo-
graphic variables might have higher predictive power and
be more efficient as tools for developing hypotheses to
be tested with various restoration measures (see Hardesty
et al. 1997).

RECOMMENDATIONS

Although we have data for only two populations,
there is substantial covariation between habitat and de-
mography within each. On the basis of these results,

and those of prior results elsewhere, we recommend
that the new guidelines being developed by the U.S.
Fish and Wildlife Service for foraging habitat of the
Red-cockaded Woodpecker include a long-term pro-
gram for the restoration of the longleaf pine ecosystem
in all longleaf pine habitat. The first phase of this pro-
gram should be applied to selected 0.8-km-radius cir-
cles in current foraging habitat and in recently active
sites. Interspersed circles with standard management
should be monitored to provide comparative data. In
restoration circles, naturally regenerated stands would
be managed over several decades to approach the tree
structure in current circles in the Apalachicola Ranger
District. Closed-canopy stands would be thinned, and
patchy openings in the forest would be created. The
midstory and ground cover would be managed to pro-
mote the growth of herbaceous vegetation, primarily
with prescribed fire. Plantations would be managed to-
ward the same target structure. The program would be
a form of adaptive management that uses both a long-
term strategy and planned comparisons based on quan-
titative data before subsequent expansion in scale.

The current management of Red-cockaded Wood-
pecker habitat is based on inappropriate foraging guide-
lines. These guidelines should be replaced with a long-
term program for the restoration of the longleaf pine
ecosystem, one that allows for some ongoing harvest
of timber.

ACKNOWLEDGMENTS

We thank D. Beyer for contribution of data, A. Colaninno
and J. Ruhl of the U.S. Forest Service for cooperation and
advice, C. McCulloch and M. Aresco for help with data anal-
ysis, and K. Womble for help with graphics. We thank A.
Clark and the U.S. Forest Sciences Laboratory in Athens,
Georgia, for data on the ages and sizes of trees in the Apa-
lachicola Ranger District. G. Hagan, E. Walters, T. Kennedy,
H. Horne, R. West, N. Jordan, and T. Hoag helped with field
work. D. Beyer, R. Conner, J. Walters, C. Rudolph, R. Bow-
man, C. McCulloch, E. Walters, K. Outcalt, T. Engstrom, G.
Hegg, S. Hermann, and M. Aresco provided helpful com-
ments on earlier drafts of the manuscript. We also appreciate
financial support from the National Science Foundation
(DEB-9632420), the U.S. Forest Service, and Ruby Crews.

LITERATURE CITED

Aresco, M. J., and C. Guyer. 1999. Burrow abandonment by
gopher tortoises in slash pine plantations of the Conecuh
National Forest. Journal of Wildlife Management 63:26–
35.

Benson, G. L., and W. F. Laudenslayer, Jr. 1986. DYNAST:
simulating wildlife responses to forest-management strat-
egies. Pages 351–355 in J. Verner, M. L. Morrison, and C.
J. Ralph, editors. Wildlife 2000: modeling habitat relation-
ships of terrestrial vertebrates. University of Wisconsin
Press, Madison, Wisconsin, USA.

Beyer, D. E., Jr., R. Costa, R. G. Hooper, and C. A. Hess.
1996. Habitat quality and reproduction of Red-cockaded
Woodpecker groups in Florida. Journal of Wildlife Man-
agement 60:826–835.

Boyce, S. G. 1980. Management of forests for optimal ben-
efits (DYNAST-OB). U.S. Forest Service Research Paper
SE-204.

Boyce, S. G. 1985. Forestry decisions. U.S. Forest Service
General Technical Report SE-35.



868 FRANCES C. JAMES ET AL. Ecological Applications
Vol. 11, No. 3

Boyer, W. D. 1993. Long-term development of regeneration
under longleaf pine seedtree and shelterwood stands.
Southern Journal of Applied Forestry 17:10–15.

Carrie, N. R., R. N. Conner, D. C. Rudolph, and D. K. Carrie.
1999. Reintroduction and postrelease movements of Red-
cockaded Woodpecker groups in eastern Texas. Journal of
Wildlife Management 63:824–832.

Caughley, G., and A. Gunn. 1996. Conservation biology in
theory and practice. Blackwell Science, Cambridge, Mas-
sachusetts, USA.

Cleveland, W. S., and S. J. Devlin. 1988. Locally weighted
regression: an approach to regression analysis by local fit-
ting. Journal of the American Statistical Association 83:
597–610.

Conner, R. N., and D. C. Rudolph. 1991. Forest habitat loss,
fragmentation, and Red-cockaded Woodpecker popula-
tions. Wilson Bulletin 103:446–457.

Conner, R. N., D. C. Rudolph, R. R. Schaefer, D. Saenz, and
C. E. Shackelford. 1999. Relationships among Red-cock-
aded Woodpecker group density, nestling provisioning
rates, and habitat. Wilson Bulletin 111:494–498.

Conner, R. N., D. C. Rudolph, and J. R. Walters. 2001. The
Red-cockaded Woodpecker: surviving in a fire-maintained
ecosystem. University of Texas Press, Austin, Texas, USA.

Doster, R. H., and D. A. James. 1998. Home range size and
foraging habitat of Red-cockaded Woodpeckers in the
Ouachita Mountains of Arkansas. Wilson Bulletin 110:
110–117.

Dueser, R. D., and H. H. Shugart, Jr. 1978. Microhabitats in
a forest-floor small mammal fauna. Ecology 59:89–98.

Engstrom, R. T., L. A. Brennan, W. L. Neel, R. M. Farrar, S.
T. Lindeman, W. K. Moser, and S. M. Hermann. 1996.
Silvicultural practices and Red-cockaded Woodpecker
management: a reply to Rudolph and Conner. Wildlife So-
ciety Bulletin 24:334–338.

Engstrom, R. T., and F. J. Sanders. 1997. Red-cockaded
Woodpecker foraging ecology in an old-growth longleaf
pine forest. Wilson Bulletin 109:203–217.

Epting, R. J., R. S. DeLotelle, and T. Beaty. 1995. Red-
cockaded Woodpecker territory and habitat use in Georgia
and Florida. Pages 270–276 in D. L. Kulhavy, R. G. Hoop-
er, and R. Costa, editors. Red-cockaded Woodpecker: re-
covery, ecology and management. Stephen F. Austin State
University, Nacogdoches, Texas, USA.

Everhardt, L. L., and J. M. Thomas. 1991. Designing envi-
ronmental field studies. Ecological Monographs 61:53–73.

Farrar, R. M. 1996. Fundamentals of uneven-aged manage-
ment in southern pine. In W. K. Moser and L. A. Brennan,
editors. Tall Timbers Research Station miscellaneous pub-
lication no. 9, Tallahassee, Florida, USA.

Frost, C. C. 1993. Four centuries of changing landscape pat-
terns in the longleaf pine ecosystem. Pages 17–43 in S. M.
Hermann, editor. Proceedings of the 18th Tall Timbers fire
ecology conference: the longleaf pine ecosystem, ecology,
restoration and management (Tallahassee, Florida, 30 May–
2 June 1991). Tall Timbers Research Station, Tallahassee,
Florida, USA.

Green, R. E., and G. J. M. Hirons. 1991. The relevance of
population studies to the conservation of threatened birds.
Pages 594–623 in C. M. Perrins, J.-D. Lebreton, and G. J.
M. Hirons, editors. Bird population studies—relevance to
conservation and management. Oxford University Press,
New York, New York, USA.

Grinnell, J. 1917a. Field tests and theories concerning dis-
tributional control. American Naturalist 51:115–128.

Grinnell, J. 1917b. The niche-relationships of the California
thrasher. Auk 34:427–433.

Groom, M. J., and M. A. Pascual. 1998. The analysis of
population persistence: an outlook on the practice of via-
bility analysis. Pages 4–27 in P. L. Fiedler and P. M. Kar-

eiva, editors. Conservation biology for the coming decade.
Second edition. Chapman and Hall, New York, New York,
USA.

Haig, S. M., J. R. Belthoff, and D. H. Allen. 1993. Population
viability analysis for a small population of Red-cockaded
Woodpeckers and an evaluation of enhancement strategies.
Conservation Biology 7:289–301.

Hardesty, J. L., K. E. Gault, and H. F. Percival. 1997. Eco-
logical correlates of Red-cockaded Woodpecker (Picoides
borealis) foraging preference, habitat use and home range
size in northwest Florida (Eglin Air Force Base). Final
Report, Research Work Order 99, Florida Cooperative Fish
and Wildlife Research Unit, University of Florida, Gaines-
ville, Florida, USA.

Hardesty, J. L., L. Provencher, G. W. Tanner, D. R. Gordon,
and L. A. Brennan. 1999. Effects of hardwood reduction
on trees and community similarity and sand pine harvest
on ground cover vegetation in longleaf pine sandhills at
Eglin Air Force Base, Florida. Natural Resources Division,
Eglin Air Force Base, Destin, Florida, USA.

Hedrick, L. D., R. G. Hooper, D. L. Krusac, and J. M. Dabney.
1998. Silvicultural systems and Red-cockaded Woodpeck-
er management: another perspective. Wildlife Society Bul-
letin 26:138–147.

Hengeveld, R., and G. H. Walter. 1999. The two coexisting
ecological paradigms. Acta Biotheoretica 47:141–170.

Henry, V. G. 1989. Guidelines for the preparation of biolog-
ical assessments and evaluations for the Red-cockaded
Woodpecker. U.S. Fish and Wildlife Service, Southeast Re-
gion, Atlanta, Georgia, USA.

Heppell, S. S., J. R. Walters, and L. B. Crowder. 1994. Eval-
uating management alternatives for Red-cockaded Wood-
peckers: a modeling approach. Journal of Wildlife Man-
agement 58:479–487.

Hermann, S. M., editor. 1993. Proceedings of the 18th Tall
Timbers Fire Ecology Conference: The Longleaf Pine Eco-
system, Ecology, Restoration and Management (Tallahas-
see, Florida, 30 May–2 June 1991). Tall Timbers Research
Station, Tallahassee, Florida, USA.

Hess, C. A., and R. Costa. 1995. Augmentation from the
Apalachicola National Forest: the development of a new
management technique. Pages 385–388 in D. L. Kulhavy,
R. G. Hooper, and R. Costa, editors. Red-cockaded Wood-
pecker: recovery, ecology and management. Stephen F.
Austin State University, Nacogdoches, Texas, USA.

Hooper, R. G., and M. L. Lennartz. 1995. Short-term response
of a high density population of Red-cockaded Woodpeckers
to loss of foraging habitat. Pages 283–302 in D. L. Kulhavy,
R. G. Hooper, and R. Costa, editors. Red-cockaded Wood-
pecker: recovery, ecology and management. Stephen F.
Austin State University, Nacogdoches, Texas, USA.

Hovis, J. A., and R. F. Labisky. 1985. Vegetative associations
of Red-cockaded Woodpecker colonies in Florida. Wildlife
Society Bulletin 13:307–314.

Hutchinson, G. E. 1958. Concluding remarks. Cold Spring
Harbor Symposium on Quantitative Biology 22:415–427.

Hutchinson, G. E. 1968. When are species necessary? Pages
177–186 in R. C. Lewontin, editor. Population biology and
evolution. Syracuse University Press, Syracuse, New York,
USA.

Jackson, J. A. 1994. Red-cockaded Woodpecker (Picoides
borealis). No. 85 in A. Poole and F. Gill, editors. The birds
of North America. Academy of Natural Sciences, Phila-
delphia, Pennsylvania, USA; American Ornithologists’
Union, Washington, D.C., USA.

James, F. C. 1971. Ordinations of habitat relationships among
breeding birds. Wilson Bulletin 83:215–236.

James, F. C. 1991. Signs of trouble in the largest remaining
population of Red-cockaded Woodpeckers. Auk 108:419–
423.



June 2001 869ECOSYSTEM MANAGEMENT AND NICHE GESTALT

James, F. C. 1995. Status of the Red-cockaded Woodpecker
in 1990 and prospect for recovery. Pages 439–451 in D.
L. Kulhavy, R. G. Hooper, and R. Costa, editors. Red-
cockaded Woodpecker: recovery, ecology and manage-
ment. Stephen F. Austin State University, Nacogdoches,
Texas, USA.

James, F. C., C. A. Hess, and D. Kufrin. 1997. Species-
centered environmental analysis: indirect effects of fire his-
tory on Red-cockaded Woodpeckers. Ecological Applica-
tions 7:118–129.

James, F. C., R. F. Johnston, N. O. Wamer, G. Niemi, and W.
Boecklen. 1984. The Grinnellian niche of the wood thrush,
Hylocichla mustelina. American Naturalist 124:17–30.

James, F. C., and C. E. McCulloch. 1995. The strength of
inferences about causes of trends in populations. Pages 40–
51 in T. E. Martin and D. M. Finch, editors. Ecology and
management of neotropical migratory birds: a synthesis and
review of critical issues. Oxford University Press, New
York, New York, USA.

James, F. C., and H. H. Shugart, Jr. 1970. A quantitative
method of habitat description. American Birds 24:727–736.

Kappes, J. J., Jr., and L. D. Harris. 1995. Interspecific com-
petition for Red-cockaded Woodpecker cavities in the Ap-
alachicola National Forest. Pages 389–393 in D. L. Kul-
havy, R. G. Hooper, and R. Costa, editors. Red-cockaded
Woodpecker: recovery, ecology and management. Stephen
F. Austin State University, Nacogdoches, Texas, USA.

Kirkman, R. L., J. A. Eberly, W. R. Porath, and R. A. Titus.
1986. A process for integrating wildlife needs into forest
management planning. Pages 347–350 in J. Verner, M. L.
Morrison, and C. J. Ralph, editors. Wildlife 2000, modeling
habitat relationships of terrestrial vertebrates. University of
Wisconsin Press, Madison, Wisconsin, USA.

Landers, J. L., D. H. Van Leart, and W. D. Boyer. 1995. The
longleaf forests of the southeast: requiem or renaissance.
Journal of Forestry 93(11):39–44.

Lennartz, M. R., R. G. Hooper, and R. F. Harlow. 1987. So-
ciality and cooperative breeding of Red-cockaded Wood-
peckers, Picoides borealis. Behavioral Ecology and Socio-
biology 20:77–88.

Letcher, B. H., J. A. Priddy, J. R. Walters, and L. B. Crowder.
1998. An individual-based, spatially explicit simulation
model of the population dynamics of the endangered Red-
cockaded Woodpecker. Biological Conservation 86:1–14.

Moranz, R. A., and J. L. Hardesty. 1998. Adaptive manage-
ment of Red-cockaded Woodpeckers in northwest Florida:
progress and perspectives. Nature Conservancy, Gaines-
ville, Florida, USA.

Moranz, R. A., J. L. Hardesty, and K. Maute. 1998. Research
Report, Eglin Air Force Base, Florida 1998, a compilation
of inventory, monitoring and research conducted in support
of ecosystem management. Nature Conservancy, Gaines-
ville, Florida, USA.

Morrison, M. L., B. G. Marcot, and R. W. Mannan. 1992.
Wildlife-habitat relationships, concepts and applications.
University of Wisconsin Press, Madison, Wisconsin, USA.

Murdoch, W. W. 1992. Individual-based models for predict-
ing effects of global change. Pages 147–162 in P. M. Kar-
eiva, J. G. Kingsolver, and R. B. Huey, editors. Biotic in-
teractions and global change. Sinauer, Sunderland, Mas-
sachusetts, USA.

Noon, B. R., and K. S. McKelvey. 1996. Management of the
spotted owl: a case history in conservation biology. Annual
Review of Ecology and Systematics 27:135–162.

NRC (National Research Council). 1995. Science and the
endangered species act. National Academy Press, Wash-
ington, D.C., USA.

Platt, W. J., G. W. Evans, and S. L. Rathbun. 1988. The
population dynamics of a long-lived conifer (Pinus pal-
ustris). American Naturalist 131:491–525.

Plentivich, S., J. W. Tucker, Jr., N. R. Holler, and G. E. Hill.
1998. Enhancing Bachman’s Sparrow habitat via manage-
ment of Red-cockaded Woodpeckers. Journal of Wildlife
Management 62:347–354.

Porter, M. L., and R. F. Labisky. 1986. Home range and
foraging habitat of Red-cockaded Woodpeckers in northern
Florida. Journal of Wildlife Management 50:239–247.

Reinert, H. K. 1984. Habitat separation between sympatric
snake populations. Ecology 65:478–486.

Rudolph, D. C., and R. N. Conner. 1994. Forest fragmen-
tation and Red-cockaded Woodpecker population—an anal-
ysis at intermediate scale. Journal of Field Ornithology 65:
365–375.

Rudolph, D. C., and R. N. Conner. 1996. Red-cockaded
Woodpeckers and silvicultural practice: is uneven-aged sil-
viculture preferable to even-aged? Wildlife Society Bulletin
24:330–333.

Schamberger, M., A. H. Farmer, and J. W. Terrell. 1982. Hab-
itat suitability index models: FWS/OBS-82/10. U.S. De-
partment of the Interior, Fish and Wildlife Service, Wash-
ington, D.C., USA.

Stauffer, D. F., and L. B. Best. 1986. Effects of habitat type
and sample size on habitat suitability index models. Pages
71–77 in J. Verner, M. L. Morrison, and C. J. Ralph, editors.
Wildlife 2000, modeling habitat relationships of terrestrial
vertebrates. University of Wisconsin Press, Madison, Wis-
consin, USA.

Thomlinson, J. R. 1995. Landscape characteristics associated
with active and abandoned Red-cockaded Woodpecker
clusters in east Texas. Wilson Bulletin 107:603–614.

Thomlinson, J. R. 1996. Predicting status change in Red-
cockaded Woodpecker cavity-tree clusters. Journal of Wild-
life Management 60:350–354.

U.S. Fish and Wildlife Service. 1980. Habitat evaluation
procedures (HEP). Ecological Services Manual 102. U.S.
Department of the Interior, Fish and Wildlife Service, Di-
vision of Ecological Studies.

U.S. Fish and Wildlife Service. 1985. Red-cockaded Wood-
pecker recovery plan. U.S. Department of the Interior, At-
lanta, Georgia, USA.

U.S. Forest Service. 1984. Soils and vegetation of the Ap-
alachicola National Forest. Region 4 Bulletin 724–167.

U.S. Forest Service. 1995. Final environmental impact state-
ment for the management of the Red-cockaded Woodpecker
and its habitat on national forests in the Southern Region.
Volumes I and II. Management Bulletin R8-MB73.

U.S. Forest Service. 1999a. Record of decision for the re-
vised land and resource management plan for national for-
ests in Florida: Apalachicola National Forest (Franklin,
Leon, Liberty, and Wakulla counties), Choctawhatchee Na-
tional Forest (Okaloosa, Santa Rosa, and Walton counties),
Ocala National Forest (Lake, Marion, and Putnam coun-
ties), Osceola National Forest (Baker and Columbia coun-
ties). Management Bulletin R8-MB.

U.S. Forest Service. 1999b. Revised land and resource man-
agement plan for national forests in Florida. Management
Bulletin R8-MB-83A.

U.S. Forest Service and cooperating agencies. 1993a. Draft
supplemental environmental impact statement on the man-
agement of habitat for late-successional and old-growth
forest related species within the range of the Northern Spot-
ted Owl. Portland, Oregon, USA.

U.S. Forest Service and cooperating agencies. 1993b. Forest
ecosystem management: an ecological, economic, and so-
cial assessment. Report of the forest ecosystem manage-
ment team. (Appendix A of U.S. Forest Service and co-
operating agencies 1993a, 1994.)

U.S. Forest Service and cooperating agencies. 1994. Final
supplemental environmental impact statement on manage-
ment of habitat for late-successional and old-growth forest



870 FRANCES C. JAMES ET AL. Ecological Applications
Vol. 11, No. 3

related species within the range of the Northern Spotted
Owl, Volumes I and II.

Walker, J. 1993. Rare vascular plant taxa associated with
longleaf pine ecosystems: patterns in taxonomy and ecol-
ogy. Pages 105–125 in S. M. Hermann, editor. Proceedings
of the 18th Tall Timbers fire ecology conference: the lon-
gleaf pine ecosystem, ecology, restoration and management
(Tallahassee, Florida, 30 May–2 June 1991). Tall Timbers
Research Station, Tallahassee, Florida, USA.

Walker, J. S. 1995. Potential Red-cockaded Woodpecker hab-
itat produced on a sustained basis under different silvicul-
tural systems. Pages 112–130 in D. L. Kulhavy, R. G.
Hooper, and R. Costa, editors. Red-cockaded Woodpecker:
recovery, ecology and management. Stephen F. Austin State
University, Nacogdoches, Texas, USA.

Walters, J. R. 1990. The Red-cockaded Woodpecker: a
‘‘primitive’’ cooperative breeder. Pages 69–101 in P. B.
Stacey and W. D. Koenig, editors. Cooperative breeding in
birds: long-term studies of ecology and behavior. Cam-
bridge University Press, Cambridge, UK.

Walters, J. R. 1991. Application of ecological principles to
the management of endangered species: the case of the Red-
cockaded Woodpecker. Annual Review of Ecology and
Systematics 22:505–523.

Walters, J. R. 1998. The ecological basis of avian sensitivity
to habitat fragmentation. Pages 181–192 in J. M. Marzluff
and R. Sallabanks, editors. Avian conservation, research
and management. Island Press, Washington, D.C., USA.

Walters, J. R., J. H. Carter III, P. D. Doerr, and C. K. Copeyon.
1995. Response to drilled artificial cavities by Red-cock-
aded Woodpeckers in the North Carolina Sandhills: 4-year
assessment. Pages 380–384 in D. L. Kulhavy, R. G. Hooper,
and R. Costa, editors. Red-cockaded Woodpecker: recov-
ery, ecology and management. Stephen F. Austin State Uni-
versity, Nacogdoches, Texas, USA.

Walters, J. R., C. K. Copeyon, and J. H. Carter. 1992. Test
of the ecological basis of cooperative breeding in Red-
cockaded Woodpeckers. Auk 109:90–97.

Wigley, T. B., S. W. Sweeney, and J. R. Sweeney. 1999.
Habitat attributes and reproduction of Red-cockaded Wood-
peckers in intensively managed forests. Wildlife Society
Bulletin 27:801–809.

Wilkinson, L., M. Hill, and E. Vang. 1992. SYSTAT for the
Macintosh, version 5.2. SYSTAT, Evanston, Illinois, USA.

von Uexkull, J. 1909. Umwelt und Innenwelt der Tiere.
Springer-Verlag, Berlin, Germany.

Zwicker, S. M., and J. R. Walters. 1999. Selection of pines
for foraging by Red-cockaded Woodpeckers. Journal of
Wildlife Management 63:843–852.


