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Abstract: Current foraging habitat guidelines for management of the red-cockaded woodpecker (Picoides 
borealis [RCW]) are based on the hypotheses that reproductive success, number of adults per family group, 
and occupancy of a cluster of cavity trees by a group are related to the amount of foraging habitat available 
to each group. We tested these hypotheses in a population in the Apalachicola National Forest (ANF) in 
Florida. Guidelines mandate providing ~ 6350 pine trees ~ 25-cm diameter at breast height (dbh) within 
800 m of each cluster of cavity trees; occupied clusters we studied had 1,200-13,176 available pines. We 
detected no association between number of young fledged and the availability of pine trees or degree of 
habitat fragmentation. We found a weak association between number of young fledged and demographic 
isolation surrounding cavity tree clusters. No differences were detected in the amount of available foraging 
habitat or degree of habitat fragmentation surrounding cavity tree clusters occupied by groups of different 
sizes. However, unoccupied clusters had fewer occupied clusters within 2 km than did occupied clusters. We 
could not reject the null hypotheses that reproductive attainment and group size were the same for groups 
with different amounts of available foraging habitat. Our results are consistent with the majority of earlier 
studies. We suggest that foraging guidelines should not categorically prohibit actions designed to benefit 
RCW long-term when these actions reduce available foraging habitat below guideline levels in the short­
term. 
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According to the recovery plan (U. S. Fish 
and Wild!. Serv. 1985), providing 51 ha of pre­
ferred foraging habitat per family group would 
ensure recovery of RCW populations if other 
criteria were also met. The recovery plan fur­
ther specified that foraging habitat must be 
within 800 m of the cavity tree cluster, with 
40% of trees 2::. 60 years old, and provide at least 
6,350 pine stems "" 25.4-cm dbh and 789 m' of 
pine basal area. In 1985, the U. S. Forest Service 
(USFS) adopted these guidelines as the mini­
mum amount of foraging habitat that would be 
provided for each family group of RCWs in 
populations on National Forests (U.S. For. Serv. 
1985). Before any trees can be cut within 800 
m of a cavity tree cluster, an analysis must show 
that the guidelines will be met if the proposed 
removal of trees occurs. 

1 Present address: Michigan Department of Natural 
Resources, Northern Michigan University, Depart­
ment of Geography, Marquette, MI 49855, USA. 

Conflicts sometimes arise when trying to sat­
isfy the foraging habitat guidelines and meet 
other desirable, sometimes essential, manage­
ment activities related to recovery of the species 
and the ecosystem upon which it ultimately de­
pends. For example, thinning of pine stands is 
sometimes necessary for restoration of the un­
derstory plant community. Understory plants 
contain most of the biodiversity in the longleaf 
pine (Pin us palustris) ecosystem (Walker and 
Peet 1983, Peet and Allard 1993) and provide 
much of the fuel for the fires that drive the 
ecosystem (Myers 1990). Southern pine beetles 
(Dendroctonus Jrontalis) are a major threat to 
RCW habitat in some areas, particularly where 
loblolly (P. taeda) and shortleaf pine (P. echin­
ata) occur (Conner et al 1991, Conner and Ru­
dolph 1995, Rudolph and Conner 1995). Thin­
ning of pine stands is a prophylaxis for this pest 
(Thatcher et al. 1986), and the emergency re­
moval of buffers of live pines is sometimes the 
best method of stopping epidemic level ad-
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vances of the beetle (Billings and Varner 1986). 
Most designated RCW recovery populations are 
in high-risk hurricane areas (Hooper and McAdie 
1995). The ability of RCW populations in forests 
comprised of even-aged stands to survive hur­
ricanes is enhanced by a balance of tree age 
classes (Watson et al. 1995) and the growing of 
wind firm trees. Regeneration is necessary to 
achieve a balance of age classes (Walker 1995), 
and periodic thinning is necessary for the growth 
of wind-firm trees (Hooper and McAdie 1995). 
In the past, slash (Pin us elliottii) and loblolly 
pine have been planted in areas that historically 
grew and are better suited to longleaf and short­
leaf pines. The sooner these areas are converted 
back to longleaf or shortleaf pine, the sooner 
they will grow into more suitable RCW habitat. 
Implementation of these management activities 
involves the cutting of trees that would some­
times result in failure to meet prescribed for­
aging habitat guidelines. Even though the RCW 
would benefit from these management activities 
in the long-term, they would be subjected to a 
potential reduction of foraging habitat for up 
to 30 years. 

Foraging guidelines in the recovery plan were 
intended to provide ample habitat for popula­
tion recovery. Red-cockaded woodpecker groups 
can survive and successfully reproduce with less 
habitat than that provided by the guidelines (U. 
S. Fish and Wild!. Serv. 1985). A criticism of 
the current guidelines is that they were devel­
oped from a small dataset (n = 18) in a single 
population. 

Although a minimum threshold of foraging 
habitat must exist, if this threshold is below USFS 
guidelines, RCWs may benefit in the long-term 
by management actions that initially reduce for­
aging habitat. Our objective was to evaluate the 
relation between RCW group size, reproductive 
success, and several measures of foraging habitat 
quality on the ANF, in north Florida. Specifi­
cally, we tested the following null hypotheses: 
(1) RCW groups with different amounts of for­
aging habitat available have equal levels of nest­
ing success; (2) RCW groups with different 
amounts of foraging habitat have equal num­
bers of adults; (3) RCW groups exposed to dif­
ferent degrees of forest fragmentation have equal 
levels of nesting success; and (4) RCW groups 
exposed to different levels of isolation have equal 
levels of nesting success. 

Funding was provided by the U. S. Forest 
Service. We thank the Apalachicola and Wak-

ulla Districts for support of field data collection. 
J. Caffin and G. Wood assisted with geographic 
information system analyses and E. Libby as­
sisted with data compilation. S. R. Winterstein 
provided statistical advice. We thank R. N. Con­
ner, R. S. DeLotelle, R. T. Engstrom, F. C. James, 
and D. C. Rudolph for comments on the manu­
script. 

STUDY AREA 
Our study site, the ANF in north Florida, 

supported the largest RCW population in exis­
tence, with about 685 groups. The ANF encom­
passed 228,255 ha of flat to gently rolling terrain 
with 4 major vegetative types: pine, bay, bot­
tomland, and savanna. Suitable RCW habitat 
was provided by 117,917 ha of pine and pine­
hardwoods. Bays were found in poorly drained 
depressions dispersed throughout the pine flat­
woods. Bays often surrounded cypress (Taxo­
dium disti.chum) swamps. Bottomland consisted 
of hydric hardwood swamps, loblolly pine, and 
mixed hardwoods. Savannas included treeless 
areas dominated by grasses and sedges and pine 
flats that grade into pine flatwoods or high pine­
land, Detailed descriptions of the physiography, 
geology, soils, vegetation, climate, and drainage 
are presented in U. S. Forest Service (1984). 

METHODS 
We followed Walters et al. (1988) RCW no­

menclature where the term cluster (formerly 
called colony) refers to the aggregation of cavity 
trees used by a group (formerly called clan) of 
woodpeckers. We collected group size and re­
productive data on 106 active clusters during 
1990-93. These data were collected as part of 
ANF's RCW augmentation program. The aug­
mentation program consists of identifying and 
translocating subadult RCWs from ANF to small 
declining populations, During the study, 19 fe­
males and 1 male were removed from groups 
that we studied. None of the groups we studied 
were augmented. The females removed from 
our study groups for augmentation would have 
dispersed naturally before nesting (Lennartz et 
al. 1987, Walters 1990). Because we measured 
group size for our study during the nesting pe­
riod the removal of females did not affect our 
results. Groups monitored for the augmentation 
program were not selected at random but for 
logistical reasons. However, we had no prior 
knowledge of their size, reproductive perfor­
mance, or the quality of habitat surrounding the 
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cluster. We compared the frequency distribu­
tion (Chi square goodness-of-fit test) of fledgling 
success in our sample to a dataset of 50 randomly 
selected clusters from the Apalachicola popu­
lation (Hess, unpub. data). The randomly se­
lected groups were part of a separate study, 
although 14 of the groups were also in our sam­
ple. The 2 samples did not differ (P - 0.26), 
which suggests that our sample was not biased. 

Annually, during the breeding season, we 
counted the number of adult birds in each group 
as they left their roosts in the morning and be­
fore roosting in the evening. Beginning in late 
April of each year, we visited all clusters at least 
once every 10 days to determine if nesting had 
been initiated. Nestlings were banded when they 
were between 4 and 7 days old. We determined 
the number of young fledged by visiting each 
group 3 days after the expected fledging date. 
We followed birds in each group until we made 
a total count of the group. 

We estimated the number of pine trees ~25.4-
cm dbh and the amount of pine basal area avail­
able within 800 m of each cluster, as directed 
by USFS foraging habitat guidelines. We used 
a geographic information system to allocate re­
sources among clusters that had overlapping 
800-m radius circles. A given tree or area of 
habitat was allocated to only one cluster by the 
following convention. Resources within 400 m 
of a given cluster were allocated only to that 
cluster, even if that zone was overlapped by a 
800-m radius circle from an adjacent cluster. 
Otherwise, the resources within the overlapping 
area of 800-m radius circles were allocated 
equally among the clusters. 

Funding constraints prevented us from mea­
suring numbers of pine trees and pine basal area 
around all 106 active clusters. Because we could 
only sample 60 of the 106 active clusters we 
wanted to ensure our sample included the entire 
range of available numbers of pine trees and 
pine basal area within that sample. However, 
numbers of trees and basal area were the subject 
of our estimations and therefore unknown. Thus, 
to approximate the range of habitat conditions 
we made the assumption that a high correlation 
existed between ha of foraging habitat and num­
ber of available trees {post-data collection anal­
yses showed this to be a reasonable assump­
tion-e.g., R2 = 0.91 between ha of foraging 
habitat and no. of available trees). Foraging hab­
itat is defined as pine or pine-hardwood stands 
2: 30 years old (U.S. Fish and Wild!. Ser. 1985). 

Through geographic information system anal­
yses, we determined the area of available for­
aging habitat for all 106 clusters. We then strat­
ified our selection of clusters for study by area 
of foraging habitat. We estimated the number 
of pine trees~ 25.4-cm dbh and amount of pine 
basal area within 800 m of all clusters that had 
<40 ha (n - 20) or >80 ha (n - 9) of available 
foraging habitat. Because of past management 
guidelines, most clusters (n - 77) had from 40 
to 80 ha of foraging habitat available. We ran­
domly selected 31 clusters from this category. 

We also measured habitat quality around 10 
randomly selected inactive clusters. Our sample 
population of inactive clusters was limited to 
those >0.4 km but <4.8 km from active clusters. 
We imposed these criteria in an attempt to avoid 
sampling inactive clusters that were the result 
of cluster drift (Hooper 1983) and those that 
became inactive because of extreme demo­
graphic isolation. 

We determined the number of pine trees and 
amount of pine basal area for foraging habitat 
located within 800 m of each of the 70 clusters 
(60 active and 10 inactive) by sampling with 
0.04-ha circular plots. At each sample point we 
tallied all pine trees ~ 10 cm dbh by 5-cm dbh 
classes. We sampled most stands with a random­
ly located 60- x60-m grid that equated to I plot/ 
0.4 ha. In stands >32 ha, we sampled with a 
80- x 80-m grid that equated to I plot/0.6 ha. 

For all 116 clusters we measured the degree 
of forest fragmentation with the angular sum 
index of fragmentation (Conner and Rudolph 
1991). To assure comparable results we adopted 
Conner and Rudolph's use of pine stands <20 
years of age as the fragmenting feature to mea­
sure. We determined angular sum by measuring 
and summing the angles formed by drawing 2 
lines from the geometric center of each cluster 
to the lateral edges of each fragmenting feature 
within 800 m of the cluster center. We also used 
the percent of non-foraging habitat within 800 
m as an additional index of forest fragmenta­
tion. Following Hooper et al. (1982), DeLotelle 
et al. (1987), Conner and Rudloph (1991), and 
Hooper and Lennartz (1995) we assessed cluster 
isolation by determining the number of active 
clusters within 2 km of each study cluster center. 

We used linear regression to analyze the re­
lation between the number of young fledged 
and each independent variable. The indepen­
dent variables used for the models were: number 
of pine trees 2: 25.4-cm dbh within 400 and 800 
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m, ha of foraging habitat within 400 and 800 
m, number of active clusters within 2 km, an­
gular sum, and percent non-foraging habitat 
within 800 m. We dropped basal area from the 
analyses because of its high correlation with 
number of pine trees (R 2 = 0.96). Because we 
sampled the number of young fledged for 4 
years we included 3 indicator variables in each 
model, coded as zero or 1, to assess the vari­
ability of these relations among years (Neter et 
al. 1985,329-330). We tested for interactions 
between year and each independent variable. 
We made a more direct comparison with the 
results presented in the recovery plan (U.S. Fish 
and Wild!. Serv. 1985). Like the recovery plan, 
we divided groups into 3 categories based on 
the amount of available foraging habitat: <40 
ha, 40-60 ha, and >60 ha. We compared the 
mean number of young fledged in these groups 
with the Kruskal-Wallis test (Siegal 1956,184). 

To examine the relation between RCW group 
size and habitat quality we compared number 
of pine trees 2'c25.4-cm dbh within 400 and 800 
m, ha of foraging habitat within 400 and 800 
m, number of active clusters within 2 km, and 
angular sum among 5 categories of group size: 
no birds; pairs that did not have helpers any 
year; pairs that had at least l helper 1 of 4 years; 
pairs that had at least 1 helper 2 of 4 years; and 
pairs that had at least 1 helper 3 or 4 of 4 years. 
We used ANOVA (Steel and Torrie 1980,137) 
to make comparisons among groups and Tukey's 
procedure (Steel and Torrie 1980,185) to sepa­
rate the means. We also compared the mean 
number of young fledged among the same cat­
egories of group size, except the no bird group. 
We considered results significant if P < 0.05. 

RESULTS 
Habitat Measurements 

The mean number of pine trees ~25.4-cm 
dbh available within 800 m was 5,312 (n = 60, 
SE = 336). Sixty-seven percent of the clusters 
sampled had <6,350 trees specified by USFS 
guidelines. The mean number of pine trees 
within 400 m was 2,693 (n = 60, SE = 157). 
Pine basal area available within 800 m averaged 
631 m' (n = 60, SE = 40 m'), with 73% of the 
clusters having less than the 789 m 2 specified by 
the guidelines. Pine basal area within 400 m 
averaged 311 m' (n = 60, SE = 16 m'). 

Our indices of habitat fragmentation, angular 
sum and percent non-foraging habitat within 

800 m, averaged 129 (n = 106, SE = 8.0) and 
48.5 (n = 106, SE = 1.5), respectively. On aver­
age, 8.1 clusters were found within 2 km of each 
study cluster (n= 106, SE = 0.3). 

Number of Young 

Inspection of bivariate scatter plots suggests 
that the number of young fledged was not as­
sociated with the number of available pine trees 
(Fig. 1). Regression analyses, taking into account 
the effects of possible yearly variation, con­
firmed our observations; we found no associa­
tions between the number of young fledged and 
the number of available pine trees ~25.4-cm 
dbh within 400 or 800 m (Table 1). Nor did the 
data suggest that the relation between number 
of young fledged and number of pine trees var­
ied among years (e.g., probability of overall 
model including no. of pine trees within 800 m, 
indicator variables, and interaction terms= 0.16). 

By substituting ha of foraging habitat within 
400 and 800 m in place of number of pine trees, 
we increased our sample sizes substantially (i.e., 
from 60 to 106 clusters). Again, there were no 
discernible patterns in the bivariate scatter plots 
(Fig. 2). Regression analyses confirmed that no 
significant associations between number of young 
fledged and ha of foraging habitat within 400 
and 800 m existed in the dataset (Table 1). In­
clusion of interaction terms in the models in­
dicated that the relation did not vary by year. 

Similarly, we found no association between 
number of young fledged and either of our frag­
mentation indices (Fig. 2, Table 1 ). Inclusion of 
the interaction terms did suggest that number 
of young fledged in 1991 was negatively asso­
ciated with angular sum (overall model P = 
0.03, angular sum,Y2 (yr) interaction P = 0.03). 
However, the association was weak (R2 = 0.04). 
The number of young fledged was positively 
associated with the number of active clusters 
within 2 km (Table 1). However, the association 
was weak and not discernible in the scatter plots 
(Fig. 2). Two other models were significant, but 
the independent variables of interest did not 
contribute significantly, and the amount of vari­
ation in number of young fledged accounted for 
by the models was trivial (Table 1). 

The regression models and a separate ANO­
VA (P = 0.01) did suggest that there were dif­
ferences in the number of young produced in 
individual years. The mean number of young 
fledged in 1991 (x = 0.92, SE = 0.09, n = 98) 
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Fig. 1. Relation between the number of red-eockaded woodpecker young fledged and the number of pine trees > 25.4-cm dbh 
within 400 and 800 m of the cavity tree clusters, Apalachicola National Forest, Florida, 1990-93. 

was significantly lower than the mean number 
of young fledged in 1992 (i - 1.31, SE - 0.10, 
n = 97). The mean number of young fledged 
in 1990 (x - 1.05, SE - 0.09, n - 104) and 1993 

(f - 1.24, SE - 0.10, n - 96) did not differ from 
the other years. 

We found no differences in the mean number 
of young fledged among groups with <40 ha, 
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Ta~le 1. Results of linear regressions between number of young fledged per red-cockaded woodpecker group and independent 
vanables associated with habitat quality and cluster isolation in the Apalachicola National Forest, Florida, 1990-93. 

Proi:rbility Probability 
of Probability of indicator variables& 

overall independent 
Variable model R' variable Yl Y2 Y3 

No. of pines > 25-cm dbh within 800 m 0.07 0.03 0.71 0.15 0.02 0.98 
No. of pines >25-cm dbh within 400 m 0.06 0.04 0.49 0.15 0.02 0.98 
Ha of foraging habitath within 800 m 0.07 0.02 0.71 0.34 0.02 0.75 
Ha of foraging habitat within 400 m 0.03 0.03 0.19 0.34 0.02 0.74 
Angular sum~ 0.04 0.02 0.23 0.33 0.02 0.75 
% non-foraging habitat within 800 m 0.06 0.02 0.39 0.34 0.02 0.74 
No. of active clusters within 2 km 0.002 0.04 0.005 0.34 0.02 0.72 

a Indicator variables are dummy variables coded as zero or I to represent 4 yr that no. of young Hedged were determined. 
b Foraging habitat is defined as pine and pine-hardwood stands ~ 30 yr old. 
c Sum of angles defined by the edge of pine stands < 20 yr old and the center of each red-cockaded woodpecker group's cluster of cavity trees 

(see tell!). 

40-60 ha, and >60 ha of foraging habitat avail­
able (P - 0.85). 

Group Size 
We detected no differences in the number of 

pine trees ~ 25.4-cm dbh or area of foraging 
habitat within 400 or 800 m among the different 
RCW group sizes (Table 2). Nor were there any 
differences in either fragmentation index among 
the different group sizes. The mean number of 
active clusters within 2 km was lower for in­
active clusters than for active clusters regardless 
of group size (Table 2). 

Red-cockaded woodpecker groups that had l 
or more helpers during the 4 year study fledged 
on average more young (P < 0.05) than groups 
that did not have helpers in any year (2 birds 
with no helpers, x - 0.85; 2 birds plus helper 
for l yrc x - 1.24; 2 birds plus helper for 2 yrc 
x - 1.26; 2 birds plus helper for 3 or 4 yrc x -
1.41). 

DISCUSSION 
We did not find an association between the 

number of RCW young fledged and the amount 
of foraging habitat within 800 m of cavity tree 
clusters. Our results are consistent with Wood 
et al. (1985), DeLotelle et al. (1992), and Hooper 
and Lennartz (1995). Wood et al. (1985) studied 
the effects of clearcutting up to 36% of foraging 
habitat from the home ranges of 6 RCW groups. 
Only 2 groups exceeded the USFS pine basal 
area guideline before the removal of foraging 
habitat. After treatment, only l group exceeded 
this guideline. No adverse effects on nestling 
production were noted in 3 years of study. 
DeLotelle and Epting (1992) found that the 
density of pines and their juxtaposition to the 

cluster were not significantly related to RCW 
reproductive success. They did find that RCW 
reproductive success was related to territory size, 
but that conspecific intruders and breeder ex­
perience were more important factors. Hooper 
and Lennartz (1995) studied the effect of re­
moving 43% of foraging habitat on RCW re­
productive success and group size. This removal 
reduced the average number of pine trees ~25.4-
cm dbh available to groups from about 5,400 to 
2,500 over 5 years. One year of post-harvest data 
showed no significant changes in group size or 
reproductive success. In addition, the number 
of active groups increased from 10 to 13 as for­
aging habitat was being removed. These studies 
used different approaches in different popula­
tions to test the same hypothesis, and they 
reached the same conclusion: within the range 
of habitat area studied, reproductive success of 
RCW groups is not strongly related to variation 
in available foraging habitat. Our study is the 
largest to date and we directly tested the as­
sumption of the USFS guidelines that number 
of young fledged was correlated with available 
habitat within 800 m of clusters. However, we 
too failed to find a relation between foraging 
habitat and reproductive output. 

Current guidelines are based on the average 
conditions in 18 year-round home ranges (U. S. 
Fish and Wild!. Serv. 1985). The recovery plan 
reported that groups with average home ranges 
fledged more young than groups with below 
average home ranges but less than groups with 
above average home ranges. We did not deter­
mine RCW home ranges. Instead our study was 
based on USFS guidelines that assume most for­
aging takes place within 800 m of the cluster 
and that the availability of foraging habitat in 
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Fig. 2. Relation between number of red-cockaded woodpecker young fledged and the number of active clusters within 2 km, 
angular sum fragmentation index, and area of foraging habitat available within 800 m, Apalachicola National Forest, 1990-93. 
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than the sparse populations studied by Conner 
and Rudolph (1991). Also, the average angular 
sum measurement in the ANF population (X = 
129) was lower than in Conner and Rudolph's 
(1991) sparse (f angular sum - 206) or dense (f 
angular sum = 287) populations. 

Hooper and Lennartz (1995) suggested that 
populations with <4.7 active clusters within 2 
km on average, had critically low densities that 
inhibited population expansion. In our study, 
inactive clusters averaged only 3.1 clusters with­
in 2 km. Perhaps the location of currently in­
active clusters in the landscape relative to other 
groups contributed to their failure in maintain­
ing active status. 

Our results suggest a positive association be­
tween group size and the number of young 
fledged. Results in the literature are not consis­
tent and suggest an interaction between breeder 
experience and the effect of helpers (Lennartz 
et al. 1987, Walters 1990). For example, Len­
nartz et al. (1987) found a positive association 
between reproductive success and breeder ex­
perience in pairs without helpers. In pairs with 
helpers, a negative association was found. 

MANAGEMENT IMPLICATIONS 
We envision future resource management 

conflicts with implementation of the foraging 
guidelines as population densities increase. Pop­
ulation growth of RCW will make it more dif­
ficult to meet current foraging guidelines as for­
aging habitat must be divided among more clus­
ters. Some minimum habitat thresholds must 
surely exist, but our study does not provide the 
definitive results needed to redefine foraging 
requirements for RCWs. However, the prepon­
derance of studies suggests that the quantity of 
foraging habitat provided to individual groups 
could, in some cases (e.g. larger populations), be 
reduced below those prescribed in the guide­
lines without adversely affecting group size or 
reproductive success. Although we are not pro­
posing widespread reduction in foraging habitat 
for any population, adherence to existing guide­
lines does not in and of itself appear to be a 
valid reason to limit management activities (in 
moderation) that would otherwise benefit RCWs, 
other resources, or ecosystem restoration. Clear­
ly, additional research is needed to identify 
which habitat components affect reproductive 
success and if those components can be manip­
ulated through management. 
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