LONGLEAF PINES USED FOR CAVITIES BY
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Abstract: I studied characteristics and availability of young (<80 yr old) and old (=100 yr old) longleaf
pines (Pinus palustris) used and not used for cavities by red-cockaded woodpeckers (Picoides borealis), and
the associated population densities of red-cockaded woodpeckers in Osceola and Ocala national forests (NF)
in Florida, and in Francis Marion NF in South Carolina. In Francis Marion NF old noncavity trees were
common (17/ha); 6% of the cavity trees were young; decayed heartwood was frequent in old (97%) and
young (86%) cavity trees (P = 0.299), but rare in young noncavity trees (9%); and population density was
high (8.3 colonies/1,000 ha). In Osceola and Ocala NF, respectively, old noncavity trees were rare (<1/ha);
65 and 76% of the cavity trees were young; decayed heartwood was frequent in old cavity trees (80 and
90%), but less so in young cavity trees (27 and 32%) (P < 0.007); young cavity trees had faster growth rates
than young noncavity trees (P < 0.001); and population densities were low (1.7 and 1.4 colonies/1,000 ha).
Red-cockaded woodpeckers may have been using the easiest trees to excavate. The order of preference
appeared to be trees with decayed heartwood and then fast-growing trees with sound heartwood. Because
decay increases with tree age and decayed trees are the most preferred, older trees apparently provide red-
cockaded woodpeckers with more and better opportunities for cavity excavation than younger trees. Results
support past recommendations of providing longleaf pines >95 years old to red-cockaded woodpeckers for

cavity excavation.
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The red-cockaded woodpecker is reported to
require old, living pine trees (>95 yr for long-
leaf pine and >75 yr for other species) for cavity
excavation (U.S. Fish and Wildl. Serv. 1985).
However, most studies have found some cavity
trees 20-45 years younger than the recom-
mended ages (Hopkins and Lynn 1971, Thomp-
son and Baker 1971, Jones and Ott 1973, Shapiro
1983, Hovis and Labisky 1985). The mean age
of 610 longleaf pines with red-cockaded wood-
pecker cavities was 86 years (Wood 1983). Field
and Williams (1985:95) reviewed 43 studies that
mentioned maturity as a characteristic of cavity
trees and concluded “. . . selection of old cavity
trees or old colony stands by red-cockaded
woodpeckers cannot be supported at this time.”

Later studies implied selection for older trees
(Hovis and Labisky 1985, Conner and O’Hal-
loran 1987, DeLotelle and Epting 1988), but
cavity-tree age data are subject to bias. Cavities
are usually used for several years (some >20)
and each cavity lasts the life of the tree (Lay
and Russell 1970, Beckett 1971, Jackson 1978).
Thus, when aged during studies, cavity trees are
older than when first selected by woodpeckers.

Jackson et al. (1979) partially eliminated age
bias by looking only at incompleted cavities;
however, cavity trees tend to be aggregated in
clusters (colonies). Trees selected for new cav-
ities tend to be within or close to the aging

colony, increasing the likelihood that older trees
are selected.

Red-cockaded woodpeckers use young (<80
yr old) longleaf pines for cavities, but it is not
clear why they use them or how important young
trees are relative to old trees. To address these
questions, I compared the use, characteristics,
and availability of cavity trees and noncavity
trees in Osceola and Ocala NF in Florida and
Francis Marion NF in South Carolina.

I am especially grateful to D. J. Bethancourt
and R. C. Long, without whose help this study
would not have been possible. D. J. Bethancourt,
R. N. Conner, R. S. DeLotelle, J. A. Hovis, M.
R. Lennartz, and B. K. Williams made helpful
reviews of an earlier draft of the manuscript.

METHODS
Determining Population Densities

I collected data on active colonies in the Fran-
cis Marion NF (1980-81) and Osceola NF (1985)
with a stratified random sample of management
compartments. I used the method of Harlow et
al. (1983) to estimate active colonies/sample
compartment, and used a ratio estimator (Coch-
ran 1977) with ha of pine as an auxiliary variate
to estimate colonies in each forest.

Virtually all colonies were known in Ocala
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NF (D. J. Bethancourt, U.S. For. Serv., pers.
commun.). In 1984 I visited all known colonies
in Ocala NF and determined the number active
based on tree condition (Hooper et al. 1980) and
the presence of red-cockaded woodpeckers.

To compare populations among study areas,
I computed the number of active colonies/1,000
ha of habitat. Habitat was defined as pine stands
230 years old to include foraging habitat
(Hooper and Harlow 1986). These data were
obtained from NF records and included loblolly
pine (P. taeda) in Francis Marion NF and slash
pine (P. elliottii) in Osceola NF.

Determining Tree Characteristics

Tree characteristics were collected from 127
longleaf pines with cavities and 220 longleaf
pines without cavities during 1981-86. Young
cavity trees in Osceola and Ocala NF and old
cavity trees in Francis Marion NF were ran-
domly selected, but I used all old cavity trees I
could find in Osceola and Ocala NF, and all
young cavity trees I could find in Francis Marion
NF. The age distribution of longleaf pine trees
with cavities was estimated by randomly sam-
pling the study areas. As an index to the avail-
ability of trees for cavities, the area of longleaf
pine stands >50 years old was determined from
NF records.

Longleaf pines <80 years old were classified
as young and those =100 years old were clas-
sified as old. Tree ages were estimated by count-
ing annual rings from an increment core (5 mm
diam) taken at breast height. A factor of 7 was
added to account for years of growth up to breast
height. Heartwood diameter was estimated from
the same core by doubling the distance from
pith to the sapwood. Width of sapwood was the
distance from cambium to heartwood. Heart-
wood diameter and width of sapwood were also
determined for young cavity trees below the
cavity.

Growth rate was determined by finding the
minimum and maximum number of annual rings
within 5-cm segments of the age core. Occur-
rence of decayed heartwood was visually de-
termined from cores above and below the cav-
ity. Tree basal area was determined with a prism
having a basal area factor of 2.3 m. Each sample
tree was a plot center.

Young trees without cavities were randomly
selected from longleaf pine stands chosen at ran-
dom from all longleaf stands within 5 years of
the mean age of young cavity trees. Ten prism
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points (Dilworth and Bell 1982) were randomly
located in each stand. A tree indicated by the
prism, =minimum diameter at breast height
(dbh), and within 5 years of the mean age of
young cavity trees was randomly selected at
each point. Abundance of relic pines (=100 yr
old) was determined at the same time.

In Francis Marion NF, I sampled adjacent
noncavity trees for decay. The tree closest to
each young cavity tree with a dbh =2 cm of
the cavity-tree dbh was used as an adjacent tree.
Trees were drilled at 1.5-m intervals from 3 to
12 m above the base of the tree with an electric
drill and 3.2-mm bit. Shavings were visually
examined for decay. If diagnosis was uncertain
after drilling, the tree was increment bored.

Statistical Analysis

Differences between young versus old cavity
trees and between young cavity trees versus ran-
dom trees without cavities were tested with ¢-
tests. I tested for differences among study areas
in old cavity trees, young cavity trees, and ran-
domly selected trees without cavities with 1-way
analysis of variance. Individual means among
areas were compared with Duncan’s multiple
range test. I tested the null hypotheses of de-
cayed heartwood occurring with equal fre-
quency in different national forests and in cavity
trees of different ages with the log-likelihood
ratio for contingency tables and Fisher’s exact
test, respectively. The null hypothesis that cav-
ity tree ages were the same among areas was
tested with a G-test using age classes: <80, 80—
99, and =100 years old. Differences in young
cavity trees and adjacent trees in Francis Marion
NF were tested with paired ¢-tests. The means
for diameter of heartwood were tested with
analysis of covariance using dbh as a covariate.

RESULTS
Population Densities

Francis Marion NF had 406 colonies (95%
CI = 238-574) of red-cockaded woodpeckers,
the largest estimated population of the 3 study
areas. The population in Osceola NF was esti-
mated to be 52 colonies (95% CI = 24-80). In
1984-85, 52 active colonies were counted in Os-
ceola NF (A. W. Stockle, Fla. Game and Fresh
Water Fish Comm., pers. commun.). I estimated
Ocala NF had 18 active colonies in 1984. This
estimate was substantiated by an independent
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evaluation in 1985 (M. J. Robertson, U.S. For.
Serv., pers. commun.). The active colonies/1,000
ha of habitat in Francis Marion, Osceola, and
Ocala NF were 8.3, 1.7, and 1.4 ha, respectively.

Use and Availability of Young and
Old Pines for Cavities

Age distributions of cavity trees were differ-
ent among study areas (P = 0.001). In Osceola
and Ocala NF 76 and 65%, respectively, of the
cavity trees were <80 years old compared to
6% in Francis Marion NF. Fifty-eight percent
of the cavity trees in Francis Marion NF were
=100 years old but only 12.5 and 15.6% of the
cavity trees in Osceola and Ocala NF, respec-
tively, were =100 years old.

Longleaf pines =100 years old were rare in
Ocala and Osceola NF. In Osceola NF, none of
the longleaf pine stands were =100 years old
and in Ocala NF only 0.2% were =100 (Fig. 1).
In addition, no relic longleaf pines =100 years
old were found in the 5 longleaf pine stands
randomly sampled in Ocala NF and only 1 was
recorded from the 6 stands sampled in Osceola
NF. Three relic trees were found in stands not
sampled in Osceola NF, but none were encoun-
tered in Ocala NF.

In contrast, longleaf pines =100 years old
were more common in Francis Marion NF. Al-
though only 1.2% of the longleaf stands were
=100 years old (Fig. 1), many of the old longleaf
pines were scattered relics and patches of relics.
A random sample of 8 longleaf pine stands had
a mean of 17 relic longleaf pines/ha (SE = 3.8).

On both Florida sites the 60-69-year-old age
class had the highest frequency of cavity trees
and the greatest area in longleaf pine stands
(Fig. 1). There were relatively few cavity trees
in the next younger age class (50-59 yr old) and
considerable recruitment of new cavity trees
was occurring in the 60-69 age class. Few cavity
trees of that age class were found in Francis
Marion NF. In Florida, the proportions of cavity
trees in the 70-79 and older age classes were
greater than the proportions of pine stands in
the respective age classes. In Francis Marion NF,
the proportion of cavity trees was still low in
the 70-79 age class, but increased dramatically
in the older age classes. There were relatively
few ha of longleaf pine stands in the =100 age
class in Francis Marion NF, but relic pines of
‘that age were common.
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Comparison of Trees Among Areas

There were differences (P < 0.01) in major
characteristics of young and old cavity trees
among the study areas. Young cavity trees in
Ocala NF had a greater dbh, height, diameter
of heartwood, and a faster growth rate than
young cavity trees in other sites (Table 1). No
differences (P > 0.05) were found in these same
means between Osceola NF and Francis Marion
NF. Despite their larger size, young cavity trees
in Ocala NF were younger than young cavity
trees in Francis Marion NF. The frequency of
decayed heartwood in young cavity trees was
different (P = 0.0001) among the 3 study areas
(Table 2).

Old cavity trees in Osceola NF were smaller
and had a slower growth rate than old cavity
trees in Francis Marion NF (Table 1). In Osceola
NF, old cavity trees also had less heartwood than
old cavity trees in the other study areas. Among
the 3 areas, no difference (P = 0.273) was found
in the frequency that decayed heartwood oc-
curred in old cavity trees (Table 2). No differ-
ence (P = 0.906) among areas was found for the
mean age of randomly selected young trees
without cavities (Table 1). Differences (P <
0.004) among areas were found for means of all
other measured characteristics of random trees.

Comparison of Young and
Old Cavity Trees

Trees were selected for study on the basis of
a minimum or maximum age. Given these dif-
ferences in age, however, it is notable that dif-
ferences were not found in all other variables
thought to be important in selection of cavity
trees. Importantly, the frequency of decayed
heartwood in young and old cavity trees in
Francis Marion NF was not different (P = 0.299)
(Table 2). In addition, 9 of 10 longleaf pines
80-85 years old had decay at the cavity level.
The dbh of young and old cavity trees in Osceola
NF did not differ (P = 0.284) (Table 1) nor did
the diameter of heartwood in young and old
cavity trees in the Florida sites (P = 0.071)
(Table 1).

In Ocala NF, young cavity trees had a larger
dbh (P = 0.040) and width of sapwood (P =
0.001) than old cavity trees (Table 1). Young
cavity trees in Francis Marion NF were smaller
(P = 0.022) than old cavity trees in dbh, height,
and diameter of heartwood (Table 1). The fre-
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Table 1. Comparison of characteristics of young (<80 yr old) longleaf pine trees with red-cockaded woodpecker cavities to old (=100 yr old) longleaf pine trees with cavities
and to randomly selected young (<80 yr old) longleaf pine trees without cavities in Ocala and Osceola national forests, Florida, and Francis Marion National Forest, South
Carolina, 1981-86.

Ocala National Forest Osceola National Forest Francis Marion National Forest
Young Old Random Young Oold Random Young Old Random

Variable £ SD 4 SD z SD £ SD 4 SD z SD £ SD k4 SD E SD
Age (yr) 65.5 6.3 153.2:%*%%* 411 69.5%* 6.1 70.1 6.1 163.0%*** 486 68.9 7.4 723 9.2 130.7*** 188 69.1 7.9
Dbh (cm) 46.4 5.6 41.7* 6.7 39.4%*** 47 377 3.3 36.2 4.6 35.8* 3.6 37.5 6.0 452%** 52 381 5.7
Ht (m) 25.6 2.3 not measured 23.4%** 25 234 1.9 19.2%** 21 246** 20 233 34 25.5* 3.3 23.6 2.1
Heartwood

diam (cm) 243 46 274 3.8 18.6%** 41 175 44 178 46 17.2 5.1 18.6 4.3 25.1%** 56 14.7* 5.3
Sapwood (cm) 9.4 2.2 6.5%** 19 87 21 83 21 8.1 19 76 22 7415 7.6 2.1 9.9¥*x 95
Min. growth® 25.9 5.4 62.6%** 23.0 31.6**** 59 31.1 5.1 75.0%* 247 352*%* 57 331 6.9 51.0%** 112 283** 5.8
Max. growthe 6.6 2.1 20.2%*** 6.1 9.4%¥* 94 111 31 27.1% 13.2 10.6 2.8 115 4.0 17.6¥** 51 122 3.2
Basal area

(m?/ha) 10.6 5.5 6.2* 3.4 12.6 44 131 53 140 5.9 129 45 145 55 148 6.3 16.2 5.0
Cavity ht (m) 73 1.8 8.0 2.2 6.6 1.4 7.0 2.4 7.4 2.3 10.1%** 3.1
n 25 10 57 30 10 72 22 30 69

2 Means differed between young vs. old cavity trees or between young cavity trees vs. young random trees without cavities within a Natl. For. (* P < 0.05; ** P < 0.01; *** P < 0.001; ****P <
0.0001).

b Max. no. annual rings in 5 cm.

¢ Min. no. rings in 5 cm.
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Table 2. Number of young (<80 yr old) and old (=100 yr old)
longleaf pines with decayed versus sound heartwood used for
cavities by red-cockaded woodpeckers in Ocala and Osceola
national forests, Florida, and Francis Marion National Forest,
South Carolina, 1981-86.

Francis

Ocala Osceola Marion
Cavity De-

tree cayed Sound

De- De-
cayed Sound cayed Sound P2

Young 8 17 8 22 19 3 0.001
old 9 1 8 2 29 1 0273
p® 0.003 0.007 0.299

2 Probability of no difference in frequency of decay for either young
or old cavity trees among the national forests, based on G-tests.

b Probability of no difference in frequency of decay between young
and old cavity trees within a national forest, based on 2-tailed Fisher’s
exact test.

(Table 1). These differences were probably due
to decreasing diameter growth with age (Wah-
lenberg 1946:219) and/or suppression from sur-
rounding trees. However, even the most rapid
sustained growth at any time in the tree’s life
was less in old cavity trees than in young cavity
trees (P < 0.004) (Table 1).

Comparison of Young Trees With and
Without Cavities

Decay was found more frequently in young
cavity trees in Francis Marion NF than in ad-
jacent trees without cavities (86.4 vs. 9.1%, re-
spectively [P = 0.001]). Adjacent trees without
cavities did not differ (P > 0.05) from young
trees with cavities in age, dbh, height, growth
rate, or surrounding basal area, but cavity trees
did have more heartwood than adjacent trees
(18.6 vs. 16.1 cm, respectively [P = 0.018]). I
was unable to test for decay in adjacent trees
without cavities in the Florida sites.

Among areas, the only consistency in results
between young cavity trees and young trees
without cavities was the lack of difference (P >
0.083) in basal area of pines surrounding the
trees (Table 1). Although no differences (P =
0.556) in the dbh and height of young cavity
trees and random trees were found in Francis
Marion NF, young cavity trees had more heart-
wood (P = 0.003) and less sapwood (P = 0.0001)
than random trees without cavities. There was
also a difference in the minimum growth rate
(P = 0.002), indicating young trees with cavities
grew slower than random trees during some
time of their life. The opposite results were found
in Osceola NF; young cavity trees and random
trees differed in height (P = 0.005) and dbh (P
= (0.021) but not in diameter of heartwood (P
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Fig.2. Relative preference by red-cockaded woodpeckers for
trees to excavate cavities from among longleaf pines of dif-
ferent ages, growth rates, and heartwood conditions in Florida
and South Carolina.

= 0.811) or sapwood (P = 0.120), and random
trees had a slower minimum growth rate than
cavity trees (P = 0.001) (Table 1).

In Ocala NF, young cavity trees were youn-
ger than the randomly selected young trees
without cavities (P = 0.008) (Table 1). This re-
sult is surprising because young cavity trees also
had a greater dbh (P = 0.0001), height (P =
0.0004), and heartwood diameter (P = 0.0001)
than older randomly selected trees without cav-
ities. Consistent with their larger size, young
cavity trees had a faster growth rate than the
random trees (P = 0.0001) (Table 1). The dif-
ference in mean heartwood diameter was still
significant (P = 0.008) after taking into account
the difference in dbh.

DISCUSSION

My study suggests that red-cockaded wood-
peckers are using trees that are the easiest to
excavate from among those available. A hier-
archy of preference of trees for cavities based
on condition of heartwood, growth rate, and age
seems tenable (Fig. 2). In this simple model, the
any growth:decayed curve reflects a high pref-
erence for any tree with decayed heartwood. In
Francis Marion NF, the frequency of decayed
heartwood was high in young and old cavity
trees, and low in trees without cavities. Red-
cockaded woodpeckers in Florida were proba-
bly selecting for decayed heartwood in young
cavity trees also, though the frequency of decay
was less than in Francis Marion NF. The lower
frequency of decay in Florida probably resulted
from the low incidence of decay in trees <80



J. Wildl. Manage. 52(3):1988

years old and the lack of old trees. Based on the
use of young trees with decay, the increase in
preference was at least as rapid for ages <80
years as that shown. Beyond 80 years there may
be little increase in preference and preference
may decline in very old trees because some be-
come hollow in advanced stages of decay.

Decayed heartwood is clearly not a require-
ment for cavity excavation, but studies have
indicated high use of trees with decayed heart-
wood by red-cockaded woodpeckers (Jackson
1977, Conner and Locke 1982). This consistency
among studies suggests some benefit to the bird
from decayed heartwood. It normally takes red-
cockaded woodpeckers >1 year to excavate a
cavity and decayed heartwood could contribute
substantially to efficiency of excavation (Jackson
and Jackson 1986, Conner and O’Halloran 1987).
The greater density of red-cockaded wood-
peckers in Francis Marion NF, the area where
decayed heartwood was most prevalent in cav-
ity trees, supports this idea.

Preference for fast-growing trees with sound
heartwood (fast growth : sound) was less than for
trees with decay (any growth:decayed), but
greater than for average-growing trees with
sound heartwood (mean growth: sound) (Fig. 2).
Lacking a sufficient number of young or old
trees with decayed heartwood, red-cockaded
woodpeckers in Ocala NF used large, fast-grow-
ing young trees. In addition to young cavity
trees being larger and younger than randomly
selected young trees without cavities, the mean
dbh of young cavity trees without decay was
6.7 cm larger than those with decay (P < 0.0083).
Similarly, Jackson (1977) found loblolly pine
cavity trees without decay to be younger and
larger than those with decay. Rapid diameter
growth may make cavity excavation easier. Fast-
growing trees tend to have a wide core of ju-
venile wood adjacent to the pith (Thomas 1984)
and are noticeably easier to increment bore.
Overall tree size was smaller in Osceola NF but
woodpeckers there also used the larger, faster
growing trees from among those available.

The ranking of the 3 preference curves is
clear (Fig. 2). Their relative spacing in the mod-
el is also supported because young, fast-growing
trees without decay are sometimes used for cav-
ities even when old trees are abundant (R. G.
Hooper, unpubl. data), and not all old cavity
trees have decay.

Heartwood has been though to be a critical
factor in cavity excavation (Beckett 1971, Hoop-
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er et al. 1980, Jackson and Jackson 1986, Conner
and O’Halloran 1987). Cavities are about 8-13
cm wide (Hooper et al. 1980). The minimum
heartwood diameter at the cavity level of young
cavity trees was 12.4 cm; therefore, all cavity
trees had at least the minimum amount of heart-
wood to envelop most cavities. Given the in-
consistent results among areas, greater amounts
of heartwood may not be increasingly benefi-
cial. Factors such as decay and juvenile wood
appear to be more important. Other factors such
as resin flow, differential growth (Conner and
O’Halloran 1987), and juxtaposition of other trees
may play a role in tree selection. However, the
growth rate:decay model (Fig. 2) is consistent
with use of old trees, use of trees with decayed
heartwood, and use of young trees for cavities
when old trees are and are not available.

The frequency with which trees with a par-
ticular characteristic are used is controlled by
availability and preference; thus, a model for
use would be more complex than a model for
preference. However, preferential use of old
trees seems clear. Young trees with decay are
rare and decay increases steadily with age
(Wahlenberg 1946:177). The high use of de-
cayed trees and their increasing availability with
age results in preferential use of old trees. Al-
though red-cockaded woodpeckers use young
trees for cavities, older trees provide more op-
portunities for cavity excavation and some ad-
ditional benefit, possibly efficiency of excava-
tion.

MANAGEMENT IMPLICATIONS

The recommendation that red-cockaded
woodpeckers be provided with longleaf pines
>95 years old for cavity trees (U.S. Fish and
Wildl. Serv. 1985) is supported by my study.
Because decayed heartwood, apparently the pri-
mary factor in tree use, is infrequent at this
initial age, longleaf pine stands managed for
new colony sites should continue to increase in
value to the red-cockaded woodpecker as trees
age.

Managers should designate and manage stands
60-80 years old as potential colony sites when
older stands are absent. Two different stand con-
ditions appear especially favorable for potential
sites: fast-growing stands on good-quality sites
that have been thinned to encourage diameter
growth throughout the history of the stand, and
overstocked stands on poor-quality sites, which
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should have a higher incidence of decay than
stands of similar age growing under better con-
ditions (Wahlenberg 1946:177).

Relic trees are an important source of cavity
trees for red-cockaded woodpeckers. Special
consideration should be given to retaining relic
trees during thinnings of stands in areas man-
aged for red-cockaded woodpeckers.
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