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Endangered Species/GIS Applications 

1278 RED-COCKADED WOODPECKERS IN THE RED HILLS 

Red-cockaded woodpeckers in the Red 

Hills region: a GIS-based assessment 

James A. Cox, W Wilson Baker, and R. Todd Engstrom 
Abstract Nearly a decade has passed since the Red Hills population of red-cockaded woodpeckers 

(Picoides borealis) was surveyed. This is the largest population on private lands and sup- 
ports an estimated 3-4% of the remaining population of this endangered species. We ini- 
tiated a new survey in 1998 to determine the current status of the Red Hills population and 
to investigate factors that might affect cluster activity. We geo-referenced cavity trees (n= 
2,047) using a global positioning system and entered them into a geographic information 
system (GIS). We then used GIS to compare habitat and spatial features associated with 
each cluster. Estimated numbers of active (n=1 79) and inactive (n=90) clusters were sim- 
ilar to those found in previous surveys, but other factors (e.g., a high rate of cluster inacti- 
vation) made it difficult to conclude that the population was stable. Average number of 
cavity trees/cluster was 7.6 (SD=5.2). Average number of active trees in active clusters was 
2.8 (SD=1.6). The most common species used as cavity trees were longleaf pine (Pinus 
palustris) and loblolly pine (P taeda), and a greater proportion of longleaf cavity trees was 
active (26.9% versus 11.8% for loblolly). Active clusters had more active neighbors with- 
in 2 and 4.5 km and shorter distances to an active neighboring cluster than inactive clus- 
ters. Active clusters also were surrounded by more-uniform forest cover, smaller areas of 
unsuitable habitat types, less total edge habitat, and fewer total patches of unsuitable habi- 
tat than inactive clusters. Proportion of cavity trees in longleaf pine, number of active 
neighbors within 2 km, and proportion of unsuitable habitat within 804 m of cluster cen- 
ters were the best predictors of cluster activity. These variables correctly classified 75% of 
the clusters. Clusters misclassified by a discriminant analysis (i.e., active clusters classified 
as inactive and inactive clusters classified as active) should be the focus of attempts to sta- 
bilize or expand this population by constructing artificial cavities. 

Key words cluster activity, geographic information system, Picoides borealis, population augmenta- 
tion, population status, Red Hills, red-cockaded woodpecker 

One of the largest remaining populations of red- 
cockaded woodpeckers (Picoides borealis) occurs 
in the Red Hills physiographic region of northern 
Florida and southern Georgia (Engstrom and Baker 
1995). This region supports an estimated 3-4% of 
the total population of woodpeckers (ames 1995), 
but unlike other large populations, it exists exclu- 
sively on private lands. These lands were purchased 
originally by wealthy industrialists in the early 
1900s to use as hunting "plantations" (Brueck- 

heimer 1988). Prescribed burning and selective 
timber harvest are standard management practices 
(Engstrom and Baker 1995), and today these lands 
contain some of the best examples of old-growth 
longleaf pine (Pinus palustris) forests remaining in 
the southeastern United States (Means 1996). 

The approximate size of the Red Hills population 
of red-cockaded woodpeckers was 179 active clus- 
ters, 38 recently inactive clusters, and 26 clusters that 
had been inactive >10 years in 1992 (Engstrom and 
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Baker 1995). Beginning in January 1999, we initiated 
a new survey to assess current population status and 
to investigate relationships between woodpecker 
locations and other geographic data. We used global 
positioning technology to geo-reference cavity trees 
and then analyzed cavity tree locations using a geo- 
graphic information system (GIS). Our objectives 
were to evaluate GIS methods that have been used to 
assess red-cockaded woodpecker habitat and cluster 
characteristics (Ertep and Lee 1994; Lipscomb and 
Williams 1995;Thomlinson 1995,1996; Engstrom and 
Mikusinski 1998), investigate spatial features that 
might influence cluster activity in the Red Hills, and 
identify areas where population augmentation 
(Copeyon et al. 1991) might be appropriate. 

Study area 
The Red Hills physiographic region covered 

approximately 2,400 km2 of northern Florida and 
southern Georgia (Figure 1). Its boundaries encom- 
passed 4 counties (Leon and Jefferson counties, 
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Figure 1. The Red Hills physiographic region of north Florida 
defined by the Aucilla and Ochlockonee rivers to the east and w 
Cody escarpment to the south. 

Florida, and Grady and Thomas counties, Georgia) 
and were defined by the Ochlockonee and Aucilla 
rivers and the Cody escarpment. Upland forests 
consisted mostly of second-growth loblolly (P. 
taeda), shortleaf (P. echinata), slash (P. ellioti), and 

longleaf pines and some relatively undisturbed old- 

growth stands of longleaf pine (Engstrom and 
Baker 1995). A more complete description of the 

region was provided in Engstrom and Baker (1995). 

Methods 
We conducted field surveys from February- 

December 1999. We visited clusters of cavity trees 
documented by Baker (1982) and Engstrom and 
Baker (1995) to assess current status using proce- 
dures described byJackson (1977) and Hooper et al. 

(1980). We did not visit 12 clusters that were listed 
as inactive >10 years in Engstrom and Baker (1995). 
We also revisited 23 clusters where activity 
appeared to be questionable during the initial visit. 
We conducted additional surveys of apparently suit- 

able habitat as time per- 
mitted, usually by vehicle. 

We geo-referenced the 
locations of 2,047 red- 
cockaded woodpecker ca- 

vity trees using a Trimble 

GeoExplorer II unit (Trim- 
s'it ~ ~ble Navigation Limited, 

645 North Mary Ave., Sun- 

nyvale, Calif.). We record- 
ed at least 45 positions 
at each cavity tree, and 
these positions were then 

processed using differen- 
tial correction procedures 
(Trimble 1997). The esti- 
mated 2-dimensional varia- 
tion of corrected positions 

[1~ ~ ~was <3 m. Other informa- 
tion we encoded for 1,825 
cavity trees included 

species, cavity status (start 
or completed cavity, active 

cavity, inactive cavity, or 

enlarged cavity; Jackson 
1977; Hopper et al. 1980), 
and diameter at breast 

height (DBH). and southwest Georgia is he t 
est, respectively, and by the We compared 3 meth- 

ods to estimate cluster 

f 

f- V 
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centers using 1) mean x-,y-coordinates of all cavity 
trees (Lipscomb and Williams 1995), 2) median x-,y- 
coordinates of all cavity trees, and 3) center of a 
minimum convex polygon defined by all trees in the 
cluster (Ertep and Lee 1994). This last estimate was 
restricted to clusters with >2 cavity trees. We meas- 
ured distances from cluster centers to other geo- 
graphic features (e.g., lakes, fields, and centers of 
neighboring clusters) using ArcView and ArcView 

Spatial Analyst (Environmental Systems Research 
Institute [ESRI] 1996) and supplemental programs 
developed for ArcView (e.g., Hooge and Eichenlaub 
1997, Elmquist 1998, Rempel et al. 1999). 

We created potential management zones for each 
of the clusters visited using techniques proposed in 

Lipscomb and Williams (1998). These procedures 
consisted first of performing a Dirichlet tesselation 
(Hooge and Eichenlaub 1997) using cluster centers. 
Next, tesselation polygons were clipped by a buffer 
extending 804 m (0.5 mi) out from cluster centers. 
We defined management zones and clusters as 
"active" if they contained at least one active cavity 
tree. 

We used aerial photography taken in 1998 
(1:7,200) to identify 3 general cover types near 
woodpecker clusters: 1) urban areas; 2) lakes, 
ponds, marshes, and forested wetlands; and 3) fields 
and other agricultural areas. The minimum patch 
digitized was 0.10 ha. We combined these land- 
cover types to create a single data layer depicting 
unsuitable habitat. We measured characteristics of 
patches of unsuitable habitat within 804 m of each 
cluster using GIS procedures developed by Rempel 
et al. (1999). This analysis is similar to that per- 
formed by Conner and Rudolph (1991) where the 
"non-forest" habitat associated with woodpecker 
clusters was measured. Patch characteristics quan- 
tified included percentage area, number of discrete 
patches, average edge length/discrete patch, total 
edge length within 804 m, total edge-to-area ratio, 
average fractal dimension, and average patch shape 
(McGarigal and Marks 1995, Rempel et al. 1999). 

We performed statistical analyses using Systat 
(Wilkinson 1998) or ArcView (ESRI 1996). The 
analyses included summary statistics, t-tests with P- 
values adjusted for multiple comparisons using 
Bonferroni approximations (Wilkinson 1998), and 
discriminant function analysis. We used discrimi- 
nant function analysis to simultaneously compare 
the landscape features and habitat variables found 
to differ in univariate comparisons of cluster activi- 
ty. Several variables that were important predictors 

of cluster activity also were analyzed separately 
using discriminant function analysis to identify 
inactive clusters with habitat and spatial features 
most similar to active clusters (and vice versa). We 

performed this second discriminant analysis to 

identify sites where placement of artificial cavities 
might be most effective in the Red Hills. Cohen's 
kappa statistic (Titus et al. 1984) was used to eval- 
uate accuracy of classifications derived from the 
discriminant function analyses. 

Results 
The Red Hills population consisted of 269 clus- 

ters in 1999: 179 active clusters and 90 inactive 
clusters. These totals do not include 12 additional 
sites that Engstrom and Baker (1995) listed as inac- 
tive >10 years. About 80% of the active clusters (n 
= 142) found in 1999 also were active in 1992, 
whereas about 14% of the clusters observed in 
1999 were unknown previously (29 active, 8 inac- 
tive). Thirty-one clusters that were active in 1992 
(17% of total active in 1992) were inactive in 1999, 
61 clusters were inactive in both surveys (93% of 
inactive clusters in 1992), and 5 formerly inactive 
clusters were reactivated (13% of the recently inac- 
tive clusters reported in Engstrom and Baker 1995). 
Three of 7 new clusters created by constructing 
artificial cavities (Carter et al. 1995; Engstrom, per- 
sonal communication) were active. Access to prop- 
erties containing 6 clusters active in 1992 was 
denied in 1999. These clusters also were not 
included in our totals. 

Longleaf and loblolly pines were the most com- 
mon cavity trees (Table 1), but most active cavities 
and active starts (>80% for both active categories) 
were found in longleaf pine (Table 1). In addition, 
a greater proportion of longleaf cavity trees was 

Table 1. Activity characteristics for 1,825 red-cockaded wood- 
pecker cavity trees in the Red Hills region. Species information 
was not recorded for 222 cavity trees. 

Pine Species 

Category n Longleaf Loblolly Other 

Active cavities 373 313 40 20 
Active starts 52 43 5 4 
Inactive cavities 810 601 178 31 
Inactive starts 68 53 11 4 

Inactive-enlarged cavities 495 310 147 38 
Dead trees 27 17 6 4 
Total 1,825 1,337 387 488 
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Table 2. Univariate comparisons of features associated with active and inactive red-cockaded woodpecker clusters in the Red Hills 
region. Diameter breast height (DBH) was measured in cm, but other distance measures were in m; area measurements were in 
ha. Most values represent region-wide averages and standard deviations are provided in parentheses where appropriate. Aster- 
isks (*) denote a significant difference using t-tests, 264-280 df, and Bonferroni-adjusted P-values <0.05. With 16 tests, an unad- 
justed P-value <0.0034 would be needed to attain a family-wide P-value <0.05. 

Bonferroni- 
Active Inactive adjusted 

clusters clusters Total P-value 

Within cluster statistics 
Number of cavity trees* 9.4 (5.2) 4.5 (3.5) 7.2 (5.2) <0.001 
Number of active cavities 2.8 (1.6) 
DBH all trees* 47.5 (4.7) 50.7 (6.5) 48.3 (5.65) <0.001 
DBH for longleaf pine 47.9 (8.3) 50.0 (8.7) 48.2 (8.4) 0.283 
DBH for loblolly pine* 49.5 (7.5) 52.1 (9.8) 50.5 (8.5) 0.013 

Proportion longleaf to other pines* 0.80 (0.33) 0.48 (0.44) 0.69 (0.40) <0.001 

Average distance to next nearest cavity* 26.7 (54.7) 119.9 (211.4) 57.1 (135.3) <0.001 
Median distance to next nearest cavity 12.7 27.6 16.1 
Distance to nearest active tree in cluster 63.8 (62.1) 

Average distance to cluster centroid* 86.52 (43.28) 53.59 (47.86) 75.67 (45.36) <0.001 
Distance to nearest urban feature 4,297.9 (2126.3) 3,788.2 (2,157.9) 4,129.9 (2,146.1) 0.789 
Distance to nearest lake or marsh 1,017.3 (685.9) 830.2 (528.9) 955.6 (643.4) 0.169 
Distance to nearest field-disturbed vegetation 249.6 (143.3) 203.6 (146.2) 234.5 (145.6) 0.181 

Percentage urban area within 804 m 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 1.000 

Percentage lake or marsh area within 804 m 0.01 (0.02) 0.03 (0.06) 0.02 (0.04) 0.138 

Percentage field-disturbed vegetation within 804 m* 0.09 (0.06) 0.13 (0.09) 0.10 (0.08) 0.021 

Among cluster statistics 
Median distance to closest active cluster 516.1 782.4 585.1 
Distance to closest active cluster* 641.7 (505.1 ) 1,670.3 (1933.5) 980.3 (1279.0) <0.001 
Number of active clusters within 2 km* 10.0 (4.8) 5.5 (5.0) 8.5 (5.3) <0.001 

Number oi active clusters within 4.5 km* 30.2 (13.6) 20.2 (15.7) 26.9 (15.1) <0.001 

active (26.9%) than loblolly cavity trees (11.8%). 
DBH was smaller in trees with active cavities (t823 
=-4.67, P <0.001) but also varied by tree species 
(Table 2), with average DBH for longleaf pines 
being smaller than average DBH for loblolly pines 
(t720= -5.25, P <0.001, Table 2). Inactive clusters 
also had larger average DBH than active clusters 

(t269=4.57, P <0.001). 
Seventy clusters consisted of >10 cavity trees and 

36 clusters consisted of <3 cavity trees. Maximum 
number of active cavities observed in a single clus- 
ter was 8, whereas 142 clusters (79%) had at least 2 
active cavities. The distribution of active cavity 
trees among clusters (Figure 2) suggests that a large 
number of clusters probably contained >2 birds. 

Use of median versus mean x-, y-coordinates to 
define cluster centers generally did not significant- 
ly affect the estimated centers. Differences in the 2 

procedures averaged 23.3 m for all clusters, and dif- 
ferences were >50 m only for 28 clusters. As we 

expected, the estimated centers differed most 

when 1-2 cavity trees were far removed from the 
main group. 

Cluster centers estimated using a minimum con- 
vex polygon technique (Ertep and Lee 1994) pro- 
duced substantially different results from centers 
based on median or mean x-, y-coordinates. The 

average difference between centers of convex poly- 
gons and centers derived using median coordinates 
was 135.2 m (SD=334.0, median=24.8 m), and 72 
clusters had differences >50 m. The convex polygon 
procedure deviated most significantly when clusters 
had an irregular shape and could not be used when 
<3 cavity trees existed (n= 36). We used the median 

x-,y-coordinates to establish cluster centers for the 

remaining procedures and analyses. 
The average distance from a cavity tree to its 

nearest neighboring cavity tree (Table 2) did not 
differ between active and inactive clusters (t399= 
-0.493, P=0.202), but other within-cluster meas- 
urements suggested that active clusters had a 
greater dispersion of cavity trees (Table 2). The 
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Figure 2. Histogram of number of active red-cockaded wood- 
pecker cavity trees/cluster in the Red Hills region. 

average distance from a cavity tree to the cluster 
center was larger in active clusters (t267 =-5.61,P< 
0.001; Table 2), and the average distance from an 
active cavity tree to the next nearest active cavity 
tree also was larger (Table 2) than the average dis- 
tance to the next nearest cavity tree without 
respect to activity (t435 = 5.32, P<0.001). 

The average size of potential management zones 
(Figure 3) was 98.5 ha (median=94.1), and 45 of 
the management zones were <50 ha. The smallest 
management zones were associated with areas 
where high densities of cluster centers occurred, 
and correspondingly, a high percentage of these 
small management zones was active (82% versus an 
average activity rate of 67% for all clusters). The 
median numbers of active clusters within 2 and 4.5 
km were 8.5 and 26.9, respectively. 

Proximity to unsuitable habitat features and dis- 
tribution of unsuitable habitat within 804 m of clus- 
ters also differed between active and inactive clus- 
ters. Areas surrounding active clusters contained a 
smaller percentage of fields and other agricultural 
cover types (Table 2). Active clusters also had 
fewer total patches of unsuitable habitat, a smaller 
percentage of unsuitable habitat within 804 m, less 
total edge, and a smaller area-weighted shape index 
(Table 3). Several of these patch variables were 
very correlated, but results indicated that active 
clusters were surrounded by more-homogeneous 
forest cover. 

A comparison of active and inactive clusters 
using discriminant function analysis (Table 4) of a 

- County borders 

[L Inactive 
Inactive to active? 

/ Active 
/ Active to inactive? 

I X 

Figure 3. Active and inactive clusters that were classified by a 
discriminant function analysis. The analysis was based on 
number of active neighbors within 2 km and composition of 
unsuitable habitat types within clusters. Active clusters classi- 
fied as inactive might be more likely to become inactive than 
other active clusters, whereas inactive clusters classified as 
active might be more likely to become active. Regions A and 
B were discussed in the text. 

subset of the variables that differed in earlier uni- 
variate comparisons (Tables 2 and 3) showed that 

proportion of longleaf pine cavity trees, number of 
active clusters within 2 km, and percentage of 
unsuitable habitat within 804 m were best predic- 
tors of cluster activity (Table 4). Overall classifica- 
tion accuracy based on the discriminant coeffi- 
cients derived from these 10 variables was >70% 
(Table 5). 

The second discriminant function analysis per- 
formed to identify potential sites for artificial clus- 
ters included all variables in Table 4 except propor- 
tion of longleaf pine cavity trees in a cluster. The 
ratio was excluded because construction of artifi- 
cial cavities can circumvent problems that make 
some species of pines less durable than longleaf 
(Conner and Rudolph 1995). Number of active 

neighbors within 2 km, percentage coverage of 
unsuitable habitat patches within 804 m, and num- 
ber of patches of unsuitable habitat within 804 m 
were the most important predictors of cluster 
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Table 3. Comparison of patches of unsuitable habitat within 804 m of the centers of active 
and inactive red-cockaded woodpecker clusters. Unsuitable habitats included fields and other 
agricultural sites, lakes and wetlands, and urban areas. Standard deviations are shown in 
parentheses. Asterisks (*) denote significant differences using t-tests, 268 df, and Bonferroni 
adjusted P-values <0.05. With 10 tests, an unadjusted P-value <0.005 would be needed to 
attain a family-wide P-value <0.05. 

Bonferroni- 
Active Inactive adjusted 

Patch feature clusters clusters P-value 

Total area (ha)* 21.82 (15.10) 35.50 (26.56) < 0.001 
Patch number* 8.48 (3.59) 9.94 (3.85) <0.001 
Mean patch size (ha) 3.34 (4.40) 6.19 (19.34) 0.483 
Median patch size 1.79 (3.09) 4.31 (19.46) 
Coefficient of variation 

in patch size* 77.68 (47.68) 99.57 (42.68) 0.017 
Total edge (m)* 3,427.86 (2480.92) 5,748.05 (3085.73) < 0.001 
Mean patch edge length (m) 800.58 (461.46) 1,056.27 (999.14) 0.152 
Mean shape index 1.41 (0.13) 1.45 (0.13) 0.683 

Area-weighted shape index* 1.44 (0.17) 1.52 (0.22) 0.048 
Mean perimeter-area ratio 812.67 (565.42) 698.32 (435.57) 0.256 

Area-weighted fractal 
dimension 1.07 (0.02) 1.07 (0.02) 1.00 

activity in this analysis; approximately 28% of the 
clusters were classified incorrectly (Figure 3). Inac- 
tive clusters misclassified by this second discrimi- 
nant analysis (Figure 3) contained habitat and spa- 
tial features most similar to active clusters (and vice 
versa for active clusters misclassified as inactive). 

Discussion 
Population status 

The Red Hills population of red-cockaded wood- 

pecker appears to have changed little during the 

past few years, but it is difficult to determine a pop- 
ulation trend from our data. Our estimate of 179 
active clusters is identical to the estimate reported 
in 1992 (Engstrom and Baker 1995), but our esti- 
mate included 29 newly discovered active clusters 
(16% of all active clusters) that were not counted in 
1992. Because the rate of new-cluster establish- 
ment is generally low (<2% per year, Doerr et al. 

1989,Walters 1990,James et al. 1995), some of these 

newly discovered clusters were likely present in 
1992. Furthermore, 17% (n =31 clusters) of the 
active clusters we found in 1992 (Engstrom and 
Baker 1995) were inactive in this survey, whereas 

only 8% of the inactive clusters found in 1992 were 
reactivated (n = 5). These percentages yield annual 
rates of inactivation and reactivation of approxi- 
mately 2.4% and 1.1%, respectively. We expected to 
see lower rates of cluster inactivation (<2%) and 

higher rates of cluster 
reactivation (>8%) based 
on data in Doerr et al. 

(1989), Hooper et al. 

(1991), and Walters 

(1990). 
Although our data can 

not demonstrate that the 

population is stable, other 
measures of overall health 

may be seen in the num- 
ber and density of active 
clusters found throughout 
the region (Engstrom and 
Baker 1995, Engstrom and 
Mikusinski 1997). Hooper 
and Lennartz (1995) 
described a "dense" popu- 
lation as one in which >8 

neighboring clusters oc- 
curred within 2 km of 
each cluster. In the Red 

Hills, the average number of clusters within 2 km of 
active clusters is 8.5 across the entire region, and 
this variable consistently exceeds 18 in areas with 
the densest concentrations. Engstrom and Mikusin- 
ski (1997) computed similar neighborhood statis- 
tics for several red-cockaded woodpecker popula- 
tions and found that the Red Hills population 
had the greatest values compared to selected large 

Table 4. Results of discriminant function analysis using 10 vari- 
ables that differed significantly in univariate comparisons of 
active and inactive clusters (Tables 2 and 3). Canonical func- 
tion scores and F-to-remove values (Wilkinson 1995) indicate 
direction and relative strength of discrimination for each vari- 
able. For example, active clusters had greater longleaf pine 
ratios than inactive clusters, and this was strongest predictor of 
cluster activity. 

Canonical F-to- 
function remove 

Variable scores value 

Proportion longleaf cavities 1.563 19.05 
Active neighbors in 2 km 0.102 15.59 
Unsuitable percentage -3.101 3.03 
Number unsuitable patches -0.035 1.12 
Field-disturbed vegetation percentage -1.810 0.65 

Area-weighted mean shape index -0.551 0.31 
Total edge -0.001 0.52 
Active neighbors in 4.5 km 0.007 0.23 
Patch size CV -0.001 0.06 
Mean patch edge length -0.003 0.02 
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Table 5. Jackknifed classification matrix (Wilkinson 1995) 
based on a discriminant analysis using 10 variables (Tables 2 
and 3) that differed significantly in univariate comparisons of 
active and inactive clusters (kappa = 0.43, Z = 6.56, P <0.01). 
Correctly classified totals are shown in bold. 

Observed Active Inactive Correct % 

Classified 
Inactive 27 63 70 
Active 135 45 75 

populations on public lands. Our estimate for the 
median number of clusters found within 4.5 km 
was 26.9 and was less than the estimate of 29.0 
developed for this population by Engstrom and 
Mikusinski (1998). This difference likely stems 
from the discovery of several clusters in an eastern 
subgroup that is >8 km from the main group of cav- 
ity clusters (Figure 3). 

Cluster activity 
The underlying ecological causes of cluster activ- 

ity are complex. Habitat degradation through tim- 
ber harvest and hardwood encroachment, degrada- 
tion of cavity trees, and competition for cavities are 
important reasons for abandonment at the scale of 
individual clusters (Copeyon et al. 1991, Conner 
and Rudolph 1995), whereas spatial features also 
play a role in situations where habitat conditions 
may not differ markedly (Thomlinson 1996). We 
were able to consider simultaneously the influence 
that certain habitat and spatial features had on clus- 
ter activity (Table 4). The best predictor of cluster 
activity was a habitat feature (proportion of lon- 
gleaf pine cavity trees), whereas the second-best 
predictor was a spatial feature (number of active 
neighborhoods within 2 km). 

Conner and Rudolph (1995) suggested that pop- 
ulations occupying areas dominated by longleaf 
pine were less vulnerable to population declines 
than populations found in areas dominated by 
other species of pine. It takes woodpeckers longer 
to excavate cavities in longleaf pines (Conner and 
Rudolph 1995), but the cavities remain functional 
much longer than cavities excavated in other 
species of pine. Other species of pines also are 
more vulnerable to disease (Conner and Rudolph 
1995), and Conner and Rudolph (1995) hypothe- 
sized that population declines could be explained 
by an unbalanced ratio of cavity tree mortality to 
cavity excavations. The stability of cavities excavat- 
ed in longleaf pine was borne out in another aspect 

of our data. The 31 clusters that have become inac- 
tive since 1992 (Engstrom and Baker 1995) had a 
lower proportion of longleaf pines (tl76= -5.32, P< 
0.001) than clusters that remained active over the 
intervening years. 

Active neighbors also strongly influenced cluster 

activity (Table 4), and additional evidence for the 
role that this variable plays also can be found by 
examining clusters that have become inactive since 
1992. For these recently inactive clusters, average 
number of active clusters within 2 km was less (x= 
7.6, SD=5.9, n=31) than the average number sur- 
rounding clusters active in both surveys (x= 10.0, 
SD = 4.7, n = 144). This difference was not signifi- 
cant (t176= 1.548, P=0.125), but it lies in the direc- 
tion expected. 

In a similar comparison of spatial features and 
habitat composition in a Texas population, Conner 
and Rudolph (1991) found that percentage of non- 
forest area within 804 m of a cluster and number of 
active clusters within 2 km were best predictors of 
cluster activity. The proportion of longleaf pine 
cavity trees better predicted cluster activity in the 
Red Hills. The area of forest cover obviously is an 
important feature, but proportion of longleaf cavi- 
ties better predicted woodpecker activity in our 
region because it highlighted clusters in undis- 
turbed old-growth timber stands that are virtual 
monocultures of longleaf pine (Engstrom and Baker 
1995). Engstrom and Sanders (1997) found that 
these old-growth longleaf forests supported rela- 
tively higher densities of clusters than second- 
growth stands where loblolly pines occurred. 

The Red Hills population appeared to have slight- 
ly higher averages for several other spatial features 
that warrant discussion. Thomlinson (1996), for 
example, found that the median distance to the 
nearest active neighbor was larger for inactive clus- 
ters than for active clusters (300 m versus 375 m) 
in Texas. In the Red Hills the median distance from 
active clusters to the nearest active cluster was 516 
m, whereas the median distance from an inactive 
cluster to the nearest active cluster was 782 m 
(Table 2). The differences stem in part from how 
these distances were estimated (i.e., Thomlinson 
[1996] used the edge of a polygon immediately sur- 
rounding a cluster of trees), but it also is likely influ- 
enced by the larger number of clusters assessed in 
the Red Hills (essentially the known population). 
Similarly, Beyer et al. (1996) found that inactive 
clusters on the Apalachicola National Forest 
averaged only 3.1 clusters within 2 km, whereas 
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inactive clusters in the Red Hills had a higher aver- 
age of 5.5. These differences suggest that cluster 
densities in some populations may need to be 
increased substantially before some of the inactive 
clusters will have reasonable chances of being reac- 
tivated. Hooper and Lennartz (1995) suggested that 
populations with <4.7 active clusters within 2 km, 
on average, had critically low densities. 

Population augmentation 
Spatial considerations and habitat suitability play 

key roles in decisions regarding the placement of 
artificial cavities (Copeyon et al. 1991, Carter et al. 
1995,Walters et al. 1995). Construction of artificial 
cavities can effectively induce formation of new 
clusters and help to stabilize or increase local pop- 
ulations (Copeyon et al. 1991,Walters et al. 1995), 
but cavity construction is expensive (Walters et al. 
1995) and chances of activation diminish sharply 
within a few years after construction (Copeyon et 
al. 1991,Walters et al. 1995). 

Cavity construction has been used successfully 
in the Red Hills to create 3 new active clusters 
(Carter et al. 1995), and we believe results from 
the second discriminant function analysis (Figure 
3) can be used to select potential sites for new 
artificial cavities (in combination with an assess- 

ment of cavity availability within clusters). The 
inactive clusters misclassified as active clusters 
(Figure 3) have habitat and spatial features most 
similar to active clusters and therefore would 
appear to have better-than-average chances of 
becoming active in the near future. Several of the 
active clusters in subregions marked "A" (Figure 3), 
on the other hand, appear to have better-than- 
average chances of becoming inactive in the near 
future. If this occurs, the local populations may 
decline quickly owing to small population num- 
bers and the large distances to the core popula- 
tion in the Red Hills. Letcher et al. (1998) used a 
stochastic demographic model to show that 
peripheral clusters such as these were more prone 
to abandonment than clusters in the center of 
cluster aggregations, so construction of artificial 
cavities in the "A" subregions could help sustain 
these smaller populations. The group of active and 
inactive clusters in the subregion "B" (Figure 3) 
also deserves attention based on its peripheral 
location. An increase in woodpecker numbers 
here could help foster immigration to semi-isolat- 
ed clusters farther south. 

Management implications 
Considering spatial features is critical in manag- 

ing populations of red- 

Old-growth pine forests in the Red Hills region are virtual monocultures of longleaf pine. Old- 
growth stands such as the one pictured here support greater densities of red-cockaded wood- 
pecker clusters than second-growth stands dominated by loblolly pine. The proportion of cav- 
ities excavated in longleaf pine was the best predictor of cluster activity. 

cockaded woodpeckers 
(Thomlinson 1996, Cox 
and Engstrom 2001). For 
example, current habitat 
management guidelines 
(United States Fish and 
Wildlife Service 1985) for 
foraging habitat are not 
correlated strongly with 
population demographics 
(Hovis and Labisky 1985, 
Beyer et al. 1996), and as 
our study and others 
(Beyer et al. 1996, Thom- 
linson 1996) have suggest- 
ed, these discrepancies 
relate in part to the spatial 
configuration of habitat 
within clusters and the 
spatial arrangement of 
clusters across a region. 

Geo-referenced data for 
large populations can be 
obtained in a relatively 
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short time span. Our project was completed in less 
than a year on a half-time schedule. If similar data 
were collected for other populations, it would like- 
ly improve the management of these populations 
and also allow for better standardization of GIS 
techniques. Some of the comparisons we attempt- 
ed to make with other studies (Ertep and Lee 1994; 
Lipscomb and Williams 1995; Thomlinson 1995, 
1996; and Engstrom and Mikusinski 1998) were 
plagued by the wide variety of GIS methods that 
have been used. Based on foraging data compiled 
for a few clusters in the Red Hills region (Engstrom 
and Sanders 1997), for example, we believe that 
cluster centers estimated using median x-,y-coordi- 
nates approximate territory centers most closely. 
However, a formal test should await comparable 
analyses of other populations. 

Geo-referenced data also are important to 
address important questions regarding popula- 
tion augmentation (Copeyon et al. 1991, Walters 
et al. 1995), and there are other variables that 
might be considered in addition to those that we 
used (Figure 3). Several of the variables measured 
within clusters (Table 2) were not especially 
meaningful; however, it might be useful to find 
clusters with widely dispersed active cavities 
(>300 m to nearest active neighbor within a clus- 
ter). These clusters could be undergoing the 
process of territorial budding (Lennartz et al. 
1987,Walters 1990) or else have a paucity of trees 
suitable for cavity excavation (Conner and 
Rudolph 1995). Construction of artificial cavities 
in nearby areas may attract colonists or help to 
stabilize these clusters. These and other spatial 
features are best analyzed using GIS, and GIS- 
based evaluations of other populations could 
improve the prospects of survival for this endan- 
gered species. 
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