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ABSTRACT.—Southern pine beetle (Dendroctonus frontalis) infestation is the major cause of mortality for

Red-cockaded Woodpecker (Picoides borealis) cavity trees in loblolly ( Pinus taeda) and shortleaf (P. echinata)

pines. Recent intensive management for Red-cockaded Woodpeckers includes the use of artificial cavity inserts.

Between 1991 and 1996 we examined southern pine beetle infestation rates of pines with natural vs artificial

cavities in loblolly and shortleaf pine habitat on the northern portion of the Angelina National Forest. No
significant difference existed in the rate at which southern pine beetles infested and killed pines with natural

cavities vs those with artificial cavity inserts (x
2 = 0.84, P > 0.05). Southern pine beetles infested and killed

20 natural cavity trees (25.6%) during the 5-year study (78 cavity-tree years) and 19 artificial cavity trees (18.8%;

101 cavity-tree years). Data for the entire Angelina National Forest indicate that 40% (25 of 62) of the cavity

trees killed by southern pine beetles between 1984 and 1996 had been the nest tree during the preceding breeding

season. The annual infestation rate of cavity trees appears to be related to southern pine beetle population levels

of the surrounding forest. Use of artificial cavities is essential to maintain sufficient numbers of usable cavities

for Red-cockaded Woodpeckers in Texas. Why southern pine beetles appear to preferentially infest active Red-

cockaded Woodpecker cavity trees is still unknown, but may be related to southern pine beetle attraction to

resin volatiles produced when woodpeckers excavate resin wells and/or changes in the levels of infestation-

inhibiting tree volatiles as a result of cavity and resin well excavation. Received 8 April 1997, accepted 23 Sept.

1997.

Cavity trees are a critical resource for Red-

cockaded Woodpeckers ( Picoides borealis )

(Ligon 1970; Lennartz et al. 1987; Walters et

al. 1988, 1992). They are essential for repro-

duction and roosting, require a long period of

time to excavate (Conner and Rudolph

1995a), and are often limited in availability

(Conner and Rudolph 1989, Costa and Escano

1989, Walters et al. 1992). During the past

decade, several studies attributed severe Red-

cockaded Woodpecker population declines to

several factors, among which was limited

availability of cavity trees (Conner and Ru-

dolph 1989, Costa and Escano 1989). Cavity

tree mortality, which may further reduce cav-

ity tree availability, may be of great impor-

tance for management and recovery of Red-

cockaded Woodpecker populations.

The development and use of artificial Red-

cockaded Woodpecker cavities to reduce

1 Wildlife Habitat and Silviculture Laboratory

(Maintained in cooperation with the College of For-

estry, Stephen F Austin State University), Southern

Research Station, USDAForest Service, Nacogdoches,

TX 75962; E-mail: C_ConnerRN@titan.sfasu.edu

2 Department of Entomology, Texas A&MUniver-

sity, College Station, TX 77843.

3 Corresponding author.

shortages of cavities and facilitate population

expansion through the formation of new
woodpecker groups has greatly enhanced the

forest manager’s ability to recover dwindling

populations (Copeyon 1990, Copeyon et al.

1991, Allen 1991). Use of artificial cavities

has contributed to Red-cockaded Woodpecker

population increases in Texas (Conner et al.

1995), Mississippi (Richardson and Stockie

1995), North Carolina and Georgia (Carter et

al. 1995), and South Carolina (Gaines et al.

1995, Watson et al. 1995).

The major cause of Red-cockaded Wood-
pecker cavity tree mortality in loblolly ( Pinus

taeda) and shortleaf ( P. echinata) pines is

pine bark beetle infestation (Conner et al.

1991, Ross et al. 1995). Of 26 Red-cockaded

Woodpecker populations on U.S. Forest Ser-

vice lands, 19 are primarily associated with

loblolly or shortleaf pine habitat (Costa and

Escano 1989). Thus, pine bark beetle-induced

mortality of cavity trees is a significant poten-

tial problem throughout the range of the

woodpecker. The majority of bark beetle in-

festations are primarily composed of southern

pine beetles ( Dendroctonus frontalis ). Four

other pine bark beetles often occur in associ-

ation with southern pine beetle infestation in
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varying proportions. These include three spe-

cies of engraver beetles ( Ips avulsus, I. gran-

dicollis, and /. calligraphus ) and, occasional-

ly, black turpentine beetles ( Dendroctonus ter-

ebrans). In this paper, we focus on cavity-tree

mortality induced primarily by southern pine

beetles.

In Texas, artificial cavities, primarily cavity

inserts, have been used regularly to provide

sufficient cavities for woodpecker groups that

have lost active cavity trees to southern pine

beetle infestation (Conner et al. 1995, Ru-
dolph and Conner 1995). However, when Red-
cockaded Woodpeckers begin to use artificial

cavity inserts and peck resin wells, southern

pine beetles infest and kill pines containing

cavity inserts, apparently finding them as at-

tractive for infestation as natural cavity trees

(Conner and Rudolph 1995b).

Wecompared the beetle infestation rates of

pines containing natural Red-cockaded Wood-
pecker cavities with pines containing artificial

cavities over a 5-year period on the Angelina

National Forest. Weevaluated instances where
only a single Red-cockaded Woodpecker cav-

ity tree was infested and killed. Cavity trees

can also be infested and killed as the result of

the “growth” of an expanding beetle spot

(multiple tree infestation; Billings and Varner

1985, Conner et al. 1995b); no cavity tree

deaths resulting from beetle spot growth were
observed on the Angelina National Forest dur-

ing our study.

Red-cockaded Woodpeckers create a resin

barrier on the pine’s bole that serves as a bar-

rier against rat snakes ( Elaphe spp.; Jackson

1974, Rudolph et al. 1990). The resin system

of pine trees serves as their primary defense

against southern pine beetles and some pines

with superior resin output can survive beetle

attack (Lorio 1986). Pines that are able to pro-

duce more resin might be preferentially se-

lected by woodpeckers because they would
provide better resin barriers against rat snakes

and potentially be more resistant to southern

pine beetle infestation. Nebeker and cowork-
ers (1992) observed that wound-induced resin

flow rate, total resin flow, and viscosity in lob-

lolly pines were genetically controlled. Red-

cockaded Woodpeckers may be able to detect

the ability of a pine to produce resin when
they begin to excavate a cavity start. In con-

trast, a cavity tree is selected for a cavity in-

sert based on the openness of its bole and a

sufficient diameter (38 cm) at the height of

installation to physically contain the cavity in-

sert. No consideration is made for the poten-

tial resin production of the trees. This suggests

that pines with cavity inserts may be more
susceptible to mortality following southern

pine beetle infestation, since on the average,

they might produce less resin than trees se-

lected by woodpeckers. Wehypothesized that

pines selected by biologists for installation of

cavity inserts were more likely to be infested

by southern pine beetles than pines selected

by woodpeckers for natural cavity excavation.

Wealso compared the number of Red-cock-

aded Woodpecker cavity trees killed by south-

ern pine beetle infestation per year (only sin-

gle tree infestations, not cavity-tree mortality

resulting from beetle spot growth) with beetle

population levels in forest stands surrounding

woodpecker cavity-tree clusters, and deter-

mined the number of active cavity trees killed

each year by bark-beetle infestation relative to

the total number available.

STUDYAREAANDMETHODS
We studied southern pine beetle infestation of Red-

cockaded Woodpecker cavity trees on the Angelina

National Forest (62,423 ha; 31° 15' N, 94° 15' W) in

eastern Texas. The northern portion of the Angelina

National Forest is predominantly covered by loblolly

and shortleaf pines, whereas longleaf pine (Pinus pa-

lustris) is the dominant tree species on the southern

portion of the forest in the areas where Red-cockaded
Woodpeckers are found (Conner and Rudolph 1989).

The loblolly-shortleaf pine habitat where Red-cock-

aded Woodpecker clusters occur on the northern por-

tion of the Angelina National Forest is located pri-

marily on mesic, shrink-swell clays (Woodtel and

LaCerda soil types), which readily support growth of

hardwood vegetation (Fuchs 1980. Conner and Ru-
dolph 1995). Varying moisture conditions throughout

the year produce the shrink-swell characteristics of the

soils, which can strip root hairs off lateral pine roots,

increasing stress and pine susceptibility to southern

pine beetle infestation (Lorio et al. 1982, Mitchell et

al. 1991, Conner and Rudolph 1995). The longleaf

pine habitat where Red-cockaded Woodpeckers occur

on the southern portion of the Angelina National For-

est is located primarily on deep loamy sands (Tehran

and Letney soil types) containing materials of volcanic

origin (Neitsch 1982). These soils contain very little

organic material resulting in a low water holding ca-

pacity. High soil temperatures during summer reduce

the water holding capacity in these soils, retarding the

growth of hardwoods on these sites and stressing

pines, but do not usually affect longleaf pine resin pro-



102 THE WILSONBULLETIN • Vol. 110 , No. 1. March 1998

duction or increase the susceptibility of these longleaf

pines to southern pine beetle infestation. Historically,

southern pine beetle infestation of cavity trees in the

longleaf pine habitats of the Angelina National Forest

has been minimal (Conner et al. 1991).

We made annual spring visits to all Red-cockaded

Woodpecker cavity trees on the Angelina National

Forest (1983 through 1996) to evaluate cavity tree sta-

tus and condition using the indicators described by

Jackson ( 1977, 1978). Cavity tree clusters occupied by

woodpeckers were visited several times per year. We
determined the occurrence and causes of all cavity tree

mortality (Conner et al. 1991, Conner and Rudolph

1995). Cavity trees infested by southern pine beetles

typically had numerous white “popcorn-like” pitch

tubes of crystallized pine resin around wounds on the

bole where individual beetles had chewed through the

bark and into the cambium. Dead cavity trees with

signs of bark beetle infestation were examined to de-

termine whether lightning strike was also associated

with tree death or if the infestation was caused by other

species of bark beetles. Cavity-tree mortality caused

by lightning, wind action, and fire have been reported

previously (Conner et al. 1991, Conner and Rudolph

1995c).

As part of intensive efforts to recover Red-cockaded

Woodpecker populations, a program of cavity insert

installation (Allen 1991) began on the Angelina Na-

tional Forest during 1990 (see Conner et al. 1995). A
total of 399 cavity inserts was installed on the northern

and southern portions of the forest between January

1990 and spring 1996: 57 between early 1990 and

spring 1991, 50 between summer 1991 and spring

1992, 59 during 1992-1993, 31 during 1993-1994,

139 during 1994-1995, and 63 during 1995-1996.

Cavity inserts were installed primarily within active

woodpecker clusters, but also within inactive clusters

and recruitment stands near active clusters.

Weused x
2 analysis to compare southern pine beetle

infestation rates of artificial and natural cavity trees in

1 1 active woodpecker clusters on the northern portion

of the Angelina National Forest over a 5-year period

between October 1991 and May 1996. We also used

X
2 analysis to evaluate the effect of recency of natural

cavity completion or artificial insert activation on like-

lihood of beetle infestation, as well as the likelihood

of beetle infestation of active cavity trees used for nest-

ing and roosting.

To compare southern pine beetle population levels

with annual losses of cavity trees, we obtained records

of the annual number of southern pine beetle infesta-

tions (beetle spots) and the number of pines infested

on the northern portion of the Angelina National Forest

from the USDA Forest Service Pest Management Of-

fice in Pineville, Louisiana, and Atlanta, Georgia

(SPBIS —Southern Pine Beetle Information System

data base). Pearson correlations were calculated to ex-

amine relationships between annual, beetle-induced

cavity-tree mortality in I 1 cavity-tree clusters on the

northern portion of the Angelina National Forest and

yearly measures of southern pine beetle population

levels in the surrounding forest stands.

RESULTS

Southern pine beetle infestation of Red-

cockaded Woodpecker cavity trees has oc-

curred regularly in loblolly and shortleaf pines

on the Angelina National Forest over the past

14 years, killing 2-40% of the active cavity

trees annually (Fig. 1). Bark beetle-induced

mortality of active cavity trees increased after

the intensity of woodpecker management in-

creased in the early 1990s following the de-

tection of severe population declines and liti-

gation (Conner and Rudolph 1995b. Conner

et al. 1995). Since 1983 on the entire Angelina

National Forest, 25 of 62 southern pine beetle-

killed cavity trees (40%) had been nest trees

during the preceding breeding season. Over a

14-year period an average of 23.1% of the ac-

tive cavity trees were nest trees in a given year

[376 active cavity-tree years (number of active

cavity trees each year summed over the 14

years) vs 87 nest tree years in loblolly and

shortleaf pines on the Angelina National For-

est]. The 40% infestation rate of nest trees is

significantly greater than what would be ex-

pected based on the ratio of active cavity trees

to nest trees on the average (40% vs 23%, x
2

= 13.85, P = 0.001).

Between 1990 and 1996, 399 cavity inserts

were installed on the Angelina National For-

est. Eighty-seven of these artificial cavities

were installed in the 1 1 active woodpecker

clusters we examined closely in loblolly and

shortleaf pines on the northern portion of the

forest. As a result of cavity-tree losses to

southern pine beetles and cavity enlargement

by Pileated Woodpeckers ( Dryocopus pilea-

tus‘, Conner et al. 1991), most active cavity

trees used by Red-cockaded Woodpeckers

since 1991 have contained artificial cavities

(Fig. 2). During 1992 52% of active cavity

trees contained artificial cavities, 63% in

1993, 49% in 1994, 56% in 1995, and 61% in

1996, averaging 56.4% over a 5-year period.

Southern pine beetles infested and killed 39

natural and artificial cavity trees in loblolly

and shortleaf pines in the 1 1 active clusters

examined between 1991 and 1996. Of the 39

cavity trees killed by beetles between the fall

of 1991 and the summer of 1996, 32 were

active and 7 were inactive. Eleven of the 32
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FIG. 1. Number of active Red-cockaded Woodpecker cavity trees and the number of cavity trees infested

and killed by southern pine beetles on the northern portion of the Angelina National Forest from 1983 through

1996.

active cavity trees (34%) had been nest trees

during the preceding breeding season, 15

(47%) had been roost trees for several years,

and in 6 (19%) cavity trees, cavities had been

completed just prior to infestation. Relative to

their availability, nest trees on the northern

portion of the Angelina National Forest were

infested at a higher rate than active cavity

trees used only for roosting (x
2 = 4.6, P —

0.032).
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FIG. 2. The number of active Red-cockaded Woodpecker cavity trees with artificial and natural cavities in

loblolly and shortleaf pines compared to the number infested and killed by southern pine beetles in eleven

cavity-tree clusters on the northern portion of the Angelina National Forest between 1992 and 1996.
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During the 5-year study, 20 (25.6%) natural

cavity trees (78 cavity-tree years) were killed

by southern pine beetles whereas 19 (18.8%)

artificial cavity trees (101 cavity-tree years)

were killed. Pines with natural cavities and

pines with artificial cavities did not differ in

the rate at which they were infested by south-

ern pine beetles (Fig. 2; 25.6% vs 18.8%, x
2

= 0.84, adjusted for continuity, P > 0.05).

The recency of natural cavity completion

and occupation of artificial inserts by wood-
peckers, both of which included the excava-

tion of a series of resin wells around the cavity

entrances, affected the likelihood of bark

beetle infestation. Over the 5-year period be-

tween 1992 and 1996, 24.5% of active cavity

trees (24 of 98) were infested and killed with-

in one year of natural cavity completion or use

of cavity inserts, whereas only 7.9% of active

cavity trees (13 of 164 cavity-tree years) were

killed after the first year of their completion

or use, respectively (x
2 = 13.9, P = 0.001).

Cavity-tree mortality occurring in pines

with artificial cavity inserts (31.1%) during

the first year of occupation was not signifi-

cantly greater than mortality in newly com-
pleted natural cavity trees (18.9%; x

2 = 1-97,

P > 0.05). However, during the four years fol-

lowing insert occupation or natural cavity

completion, only 1.39% of the cavity trees

with artificial inserts (1 of 72 cavity-tree

years) were killed by bark beetles compared

to 13.04% of natural cavity trees (12 of 92

cavity-tree years; x
2 = 7.52, P —0.006). This

suggests that active cavity trees with inserts

that survive their first year have a high prob-

ability of surviving at least four more years.

Southern pine beetle-induced mortality of

Red-cockaded Woodpecker cavity trees on the

northern portion of the Angelina National For-

est was positively correlated with outbreaks of

southern pine beetles in the surrounding forest

stands (Fig. 3). Cavity tree mortality was cor-

related with both the number of southern pine

beetle spots (r = 0.667, P = 0.013) and the

number of pines infested (r = 0.673, P —

0.012) in forest stands surrounding woodpeck-

er cluster areas.

DISCUSSION

Southern pine beetle-induced mortality of

Red-cockaded Woodpecker cavity trees in

loblolly and shortleaf pine habitat on the An-

gelina National Forest and many other forests

in the South has a substantial impact on the

availability of woodpecker cavity trees (Con-

ner and Rudolph 1995, Rudolph and Conner

1995). Between 1983 and 1988 the infestation

of single Red-cockaded Woodpecker cavity

trees by southern pine beetles averaged about

1.7 cavity trees per year on the Angelina Na-

tional Forest. Subsequent to intensification of

management activities during the late 1980s

to halt severe woodpecker population de-

clines, the mean number of single cavity trees

infested and killed by southern pine beetles

increased significantly, more than tripling that

observed previously (5.7/y; see Conner and

Rudolph 1995b). As suspected by Conner and

Rudolph (1995b), cavity tree infestation rates

are significantly correlated with outbreaks of

southern pine beetles in surrounding forest

stands. However, the apparent preference of

southern pine beetles for active as opposed to

inactive cavity trees is still not fully under-

stood (Conner and Rudolph 1995b, Rudolph

and Conner 1995). Because of these substan-

tial cavity-tree losses to bark beetles and the

extensive use of artificial cavities by Red-

cockaded Woodpeckers, most cavity trees cur-

rently used by the woodpeckers on the north-

ern portion of the Angelina National Forest

contain artificial cavities. Fortunately, Red-

cockaded Woodpeckers roosted and nested

readily in artificial cavities relative to natural

cavities during our study and other previous

studies (Copeyon 1990, Allen 1991). The im-

portance of this management technique for

Red-cockaded Woodpecker recovery in areas

where bark beetles are abundant is obvious.

Our hypothesis that pines with artificial cav-

ity inserts would be more susceptible to south-

ern pine beetle infestation than natural cavity

trees was incorrect. Artificial cavity trees were

not infested and killed by southern pine beetles

more or less often than natural cavity trees.

This suggests that characteristics used by forest

biologists on the Angelina National Forest to

select pines for cavity insert installation (open

boles and at least 38 cm diameter at 6 mabove

the ground) may not have been substantially

different from those used by Red-cockaded

Woodpeckers during their selection of natural

cavity trees. Clearly, forest management is not

creating a biological sink for Red-cockaded

Woodpeckers by installing cavity inserts to re-
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FIG. 3. The number of single Red-cockaded Woodpecker cavity trees that were infested and killed by

southern pine beetles (SPB) versus the number of beetle infestations (top) and the number of pines infested by
beetles (bottom) on the northern portion of the Angelina National Forest from 1983 through 1996.

place lost natural cavity trees and provide sites

for woodpecker population expansion. In fact,

loblolly and shortleaf pines chosen by biolo-

gists to be artificial insert trees that survived

the first year of use by Red-cockaded Wood-

peckers had a lower probability of being in-

fested by bark beetles than occupied natural

cavity trees. The reason for the lower infesta-

tion rate of occupied, insert cavity trees after

the first year remains unknown.
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Newly completed natural cavities and re-

cently activated artificial cavities were infest-

ed at a greater frequency than cavity trees that

had been active for more than one year. This

was particularly true for trees with cavity in-

serts, suggesting that effective use of southern

pine beetle repellents such as the pheromone
verbenone (Payne and Billings 1989, Billings

and Upton 1993) and the host tree volatile

phenylpropanoid 4-allylanisole (Strom et al.

1995, Hayes et al. 1996) during the first year

of insert use by Red-cockaded Woodpeckers
may substantially reduce bark beetle-induced

mortality to cavity trees containing artificial

inserts.

There are several possible reasons why re-

cently activated insert trees had a higher mor-

tality rate than newly completed natural cavity

trees. Excavation of natural cavities can take

an extended period of time, often as much as

2 to 6 years (Conner and Rudolph 1995a).

During cavity excavation and the gradual in-

clusion of resin wells around the cavity en-

trance the pine tree may have time to respond

to the wounding by adding radial traumatic

resin ducts and increasing resin production

(Gerry 1922, Hodges et al. 1979, Nebeker et

al. 1988, Ross et al. 1997). When installed

cavity inserts are used by Red-cockaded
Woodpeckers, the process of installation and

resin well excavation often occurs in a fairly

short period of time (less than a week to sev-

eral months). Resin produced over a short pe-

riod of time following an initial wounding is

thought to be preformed resin (Nebeker et al.

1988) and not elevated production resulting

from a wounding response (Gerry 1922, Harp-

er and Wyman 1936). This sudden wounding

of pines with cavity inserts followed by im-

mediate use and resin well excavation by Red-

cockaded Woodpeckers may increase their rel-

ative susceptibility to bark beetle infestation

by reducing the pine’s preformed resin. Ex-

cessive wounding of pines during turpentining

for naval stores weakened pines and occasion-

ally precipitated attack by bark beetles (Wy-

man 1932).

A significantly higher percentage of cavity

trees (artificial and natural) killed by southern

pine beetles had been nest trees within one

year of beetle infestation. Cavity trees used for

nesting are probably the most important trees

for woodpecker groups and typically have nu-

merous resin wells that produce copious

amounts of fresh pine resin (R. Conner, C. Ru-

dolph, and D. Saenz, pers. obs.). Previous re-

search has demonstrated that active cavity

trees are killed at a higher rate than inactive

cavity trees (Conner and Rudolph 1995b, Ru-

dolph and Conner 1995). The amount of resin

produced by loblolly and shortleaf pines is

highly variable depending in part on tree

growth form, soil factors, moisture, and sea-

son of year (Schopmeyer and Larson 1955;

Lorio 1986; Ross et al. 1993, 1995). The ap-

parent attractiveness of active cavity trees

with copious resin flow to southern pine bee-

tles suggests that some component of resin

volatiles, the amount of resin volatiles pro-

duced, or stress exerted on the pines by ex-

tensive resin well excavation may increase the

preference/vulnerability of such cavity trees to

southern pine beetle attack.

Southern pine beetles are attracted to and

aggregate on pines where the resin volatile al-

pha-pinene (a major component of pine resin)

and the beetle pheromone frontalin are pres-

ent. The combination of these two chemicals

serves as a strong attractant for southern pine

beetles (Thatcher et al. 1980). Alpha-pinene,

alone, does not appear to serve as a primary

attractant to southern pine beetles (Thatcher et

al. 1980, Billings 1985). Thus, it is somewhat
perplexing why southern pine beetles are at-

tracted to active loblolly and shortleaf pine

cavity trees at a higher rate than to inactive

cavity trees.

Site disturbance (Coulson et al. 1986,

Flamm et al. 1993) and lightning strikes

(Coulson et al. 1983, Lovelady et al. 1991)

have been shown to be associated with the

infestation of pines by southern pine beetles.

Such disturbances apparently increase the at-

tractiveness of pines for an initial attack by

southern pine beetles. Woodpecker excavation

of resin wells on cavity trees may sufficiently

stress loblolly and shortleaf pines that they

take on characteristics of pines suffering other

types of stress.

The mechanism by which southern pine

beetles select Red-cockaded Woodpecker cav-

ity trees for initial attack may relate in part to

the pine’s production of allylanisole. This host

volatile, produced by healthy pines, is known
to inhibit infestation by southern pine beetles

and other bark beetles (Hayes and Strom
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1994, Hayes et al. 1994). Reduced levels of

allylanisole have been associated with south-

ern pine beetle attack and successful infesta-

tion of pines. Research is needed to evaluate

the relative contributions of allylanisole re-

duction and alpha-pinene elevation resulting

from Red-cockaded Woodpecker activity at

resin wells toward increasing the attractive-

ness of pines to southern pine beetles.

ACKNOWLEDGMENTS
We thank the Texas Parks and Wildlife Department

and U. S. Fish and Wildlife Service for partial support

for this study through Section 6 of the Endangered

Species Act and the National Forest and Grasslands in

Texas for partial support for the research through their

Ecosystem Management Monitoring Program. We
thank R. Bowman, R. S. DeLotelle, D. J. Ingold, N.

E. Koerth. and J. Reinman for constructive comments
on an early draft of the manuscript.

LITERATURE CITED

Allen, D. H. 1991. An insert technique for construct-

ing artificial Red-cockaded Woodpecker cavities.

U.S.D.A. For. Serv. Gen. Tech. Rep. SE-73.

Billings, R. E 1985. Southern pine beetles and as-

sociated insects: effects of rapidly-released host

volatiles on response aggregation pheromones. Z.

Angew. Entomol. 99:483-491.

Billings, R. F. and W. W. Upton. 1993. Effectiveness

of synthetic behavioral chemicals for manipula-

tion and control of southern pine beetle infesta-

tions in East Texas. Pp. 555-563 in Proceedings

seventh biennial southern silvicultural research

conference (J. C. Brissette, Ed.). U.S.D.A. For.

Serv. Gen. Tech. Rep. SO-93.

Billings, R. F. and F. E. Varner. 1985. Why control

southern pine beetle infestations in wilderness ar-

eas? The Four Notch and Huntsville State Park

experiences. Pp. 129-134 in Wilderness and nat-

ural areas in the eastern United States: a manage-

ment challenge (D. L. Kulhavy and R. N. Conner,

Eds.). School of Forestry, Stephen F. Austin State

Univ., Nacogdoches, Texas.

Carter, J. H., Ill, R. T. Engstrom, and P. M. Purcell.

1995. Use of artificial cavities for Red-cockaded

Woodpecker mitigation: two studies. Pp. 372-379

in Red-cockaded Woodpecker: recovery, ecology

and management (D. L. Kulhavy, R. G. Hooper,

and R. Costa, Eds.). College of Forestry, Stephen

F. Austin State Univ., Nacogdoches, Texas.

Conner, R. N. and D. C. Rudolph. 1989. Red-cock-

aded Woodpecker colony status and trends on the

Angelina, Davy Crockett and Sabine National

Forests. U.S.D.A. For. Serv. Res. Pap. SO-250.

Conner, R. N. and D. C. Rudolph. 1995a. Excava-

tion dynamics and use patterns of Red-cockaded

Woodpecker cavities: relationships with coopera-

tive breeding. Pp. 343-352 in Red-cockaded

Woodpecker: recovery, ecology and management

(D. L. Kulhavy, R. G. Hooper, and R. Costa,

Eds.). College of Forestry, Stephen E Austin State

Univ., Nacogdoches, Texas.

Conner, R. N. and D. C. Rudolph. 1995b. Losses of

Red-cockaded Woodpecker cavity trees to south-

ern pine beetles. Wilson Bull. 107:81—92.

Conner, R. N. and D. C. Rudolph. 1995c. Wind
damage to Red-cockaded Woodpecker cavity trees

on eastern Texas national forests. Pp. 183-190 in

Red-cockaded Woodpecker: recovery, ecology

and management (D. L. Kulhavy, R. G. Hooper,

and R. Costa, Eds.). College of Forestry, Stephen

F. Austin State Univ., Nacogdoches, Texas.

Conner, R. N., D. C. Rudolph, and L. H. Bonner.

1995. Red-cockaded Woodpecker population

trends and management on Texas national forests.

J. Field Ornithol. 66:140-151.

Conner, R. N., D. C. Rudolph, D. L. Kulhavy, and
A. E. Snow. 1991. Causes of mortality of Red-

cockaded Woodpecker cavity trees. J. Wildl. Man-
age. 55:531-537.

Costa, R. and R. E. F. Escano. 1989. Red-cockaded

Woodpecker status and management in the south-

ern region in 1986. U.S.D.A. For. Serv. Tech. Pub.

R8-TP-12.

Copeyon, C. K. 1990. A technique for constructing

cavities for the Red-cockaded Woodpecker. Wildl.

Soc. Bull. 18:303-311.

Copeyon, C. K., J. R. Walters, and J. H. Carter III.

1991. Induction of Red-cockaded Woodpecker
group formation by artificial cavity construction.

J. Wildl. Manage. 55:549-556.

Coulson, R. N., R. O. Flamm, P. E. Pulley, T. L.

Payne, E. J. Rykiel, and T. L. Wagner. 1986.

Response of the southern pine bark beetle guild

(Coleoptera: Scolytidae) to host disturbance. En-

viron. Entomol. 15:850-858.

Coulson, R. N., P. B. Hennier, R. O. Flamm, E. J.

Rykiel, L. C. Hu, and T. L. Payne. 1983. The
role of lightning in the epidemiology of the south-

ern pine beetle. Z. Angelo. Entomol. 96:182-193.

Flamm, R. O., P. E. Pulley, and R. N. Coulson.
1993. Colonization of disturbed trees by the

southern pine bark beetle guild (Coleoptera: Sco-

lytidae). Environ. Entomol. 22:62—70.

Fuchs, C. R. 1980. Soil survey of selected compart-

ments —Angelina National Forest in Angelina and

San Augustine counties. U.S. Soil Conservation

Service, Washington, D.C.

Gaines, G. D, K. E. Franzreb, D. H. Allen, K. S.

Laves, and W. L. Jarvis. 1995. Red-cockaded

Woodpecker management on the Savannah River

site: a management/research success story. Pp.

81—88 in Red-cockaded Woodpecker: recovery,

ecology and management (D. L. Kulhavy, R. G.

Hooper, and R. Costa, Eds.). College of Forestry,

Stephen F. Austin State Univ., Nacogdoches, Tex-

as.

Gerry, E. 1922. Oleoresin production. U.S.D.A. For.

Serv. Bull. 1064.



108 THE WILSONBULLETIN • Vol. 110, No. 1, March 1998

Harper, V. L. and L. Wyman. 1936. Variations in

naval-stores yields associated with weather and

specific days between chippings. U.S.D.A. For.

Serv. Tech. Bull. 510.

Hayes, J. L. and B. L. Strom. 1994. 4-Allylanisole

as an inhibitor of bark beetle (Coleoptera: Scolyt-

idae) aggregation. J. Econ. Entomol. 87:1586-

1594.

Hayes, J. L., B. L. Strom, L. M. Roton, and L. L.

Ingram. 1994. Repellent properties of the host

compound 4-Allylanisole to the southern pine

beetle. J. Chem. Ecol. 20:1595—1615.

Hayes, J. L., J. R. Meeker, J. L. Foltz, and B. L.

Strom. 1996. Suppression of bark beetles and

protection of pines in the urban environment: a

case study. J. Arboricult. 22:67—74.

Hodges, J. D., W. W. Elam, W. E Watson, T. E. Ne-

beker. 1979. Oleoresin characteristics and sus-

ceptibility of four southern pines to southern pine

beetle (Coleoptera: Scolytidae) attacks. Can. En-

tomol. 111:889-896.

Jackson, J. A. 1974. Gray rat snakes vs Red-cock-

aded Woodpeckers: predator-prey adaptations.

Auk 91:342-347.

Jackson, J. A. 1977. Determination of the status of

Red-cockaded Woodpecker colonies. J. Wildl.

Manage. 41:448-452.

Jackson, J. A. 1978. Pine bark redness as an indicator

of Red-cockaded Woodpecker activity. Wildl. Soc.

Bull. 6:171-172.

Lennartz, M. R., R. G. Hooper, and R. F. Harlow.
1987. Sociality and cooperative breeding of the

Red-cockaded Woodpecker, Picoides borealis.

Behav. Ecol. Sociobiol. 20:77-88.

Ligon, J. D. 1970. Behavior and breeding biology of

the Red-cockaded Woodpecker. Auk 87:255-278.

Lorio, P. L., Jr. 1986. Growth-differentiation balance:

a basis for understanding southern pine beetle-tree

interactions. For. Ecol. Manage. 14:259-273.

Lorio, P. L., Jr., G. N. Mason, and G. L. Autry.

1982. Stand risk rating for the southern pine

beetle: integrating pest management with resource

management. J. For. 80:202—214.

Lovelady, C. N., P. E. Pulley, R. N. Coulson, and

R. O. Flamm. 1991. Relation of lightning to her-

bivory by the southern pine beetle guild (Cole-

optera: Scolytidae). Environ. Entomol. 20:1279-

1284.

Mitchell, J. H., D. L. Kulhavy, R. N. Conner, and

C. M. Bryant. 1991. Susceptibility of Red-cock-

aded Woodpecker colony areas to southern pine

beetle infestation in east Texas. So. J. Appl. For.

15:158-162.

Nebeker, T. E., J. D. Hodges, C. R. Honea, and C.

A. Blanche. 1988. Preformed defensive system

in loblolly pine: variability and impact on man-

agement practices. Pp. 147-162 in Integrated con-

trol of Scolytid bark beetles (T. L. Payne and J.

Saarenmaa, Eds.). Virginia Polytechnic Institute

and State Univ., Blacksburg.

Nebeker, T. E., J. D. Hodges, C. A. Blanche, C. R.

Honea, and R. A. Tisdale. 1992. Variation in

the constitutive defensive system of loblolly pine

in relation to bark beetle attack. For. Sci. 38:457—

466.

Neitsch, C. L. 1982. Soil survey of Jasper and New-
ton counties, Texas. U.S. Soil Conservation Ser-

vice, Washington, D.C.

Payne, T. L. and R. F. Billings. 1989. Evaluation of

(S)-verbenone applications for suppressing south-

ern pine beetle (Coleoptera: Scolytidae) infesta-

tions. J. Econ. Entomol. 82:1702-1708.

Richardson, D. M. and J. M. Stockie. 1995. Re-

sponse of a small Red-cockaded woodpecker pop-

ulation to intensive management at Noxubee Na-

tional Wildlife Refuge. Pp. 98-105 in Red-cock-

aded Woodpecker: recovery, ecology and man-

agement (D. L. Kulhavy, R. G. Hooper, and R.

Costa, Eds.). College of Forestry, Stephen F. Aus-

tin State Univ., Nacogdoches, Texas.

Ross, W. G., D. L. Kulhavy, and R. N. Conner.

1993. Evaluating susceptibility of Red-cockaded

Woodpecker cavity trees to southern pine beetle

in Texas. Pp. 547-553 in Proceedings of the sev-

enth biennial silvicultural research conference (J.

C. Brissette, Ed.). Southern Forest Experiment

Station, New Orleans, Louisiana.

Ross, W. G., D. L. Kulhavy, and R. N. Conner.

1995. Vulnerability and resistance of Red-cock-

aded Woodpecker cavity trees to southern pine

beetles in Texas. Pp. 410—414 in Red-cockaded

Woodpecker: recovery, ecology and management

(D. L. Kulhavy, R. G. Hooper, and R. Costa,

Eds.). College of Forestry, Stephen F. Austin State

Univ., Nacogdoches, Texas.

Ross, W. G., D. L. Kulhavy, and R. N. Conner.

1997. Stand conditions and tree characteristics af-

fect quality of longleaf pine for Red-cockaded

Woodpecker cavity trees. For. Ecol. Manage. 91:

145-154.

Rudolph, D. C. and R. N. Conner. 1995. The impact

of southern pine beetle induced mortality on Red-

cockaded Woodpecker cavity trees. Pp. 208-213

in Red-cockaded Woodpecker: recovery, ecology

and management (D. L. Kulhavy, R. G. Hooper,

and R. Costa, Eds.). College of Forestry, Stephen

F. Austin State Univ., Nacogdoches, Texas.

Rudolph, D. C., H. Kyle, and R. N. Conner. 1990.

Red-cockaded Woodpeckers vs rat snakes: the ef-

fectiveness of the resin barrier. Wilson Bull. 102:

14-22.

Schopmeyer, C. S. and P. R. Larson. 1955. Effects

of diameter, crown ratio, and growth rate on gum
yields of slash and longleaf pine. J. For. 53:822-

826.

Strom, B. L., R. A. Goyer, and J. L. Hayes. 1995.

Naturally occurring compound can protect pines

from southern pine beetle. La. Agric. 38(4):5-7.

Thatcher, R. C., J. L. Searcy, J. E. Coster, and G.

D. Hertel (Eds.). 1980. The southern pine

beetle. U.S.D.A. For. Serv. Sci. Ed. Admin. Tech.

Bull. 1631.



Conner et cri. • RED-COCKADEDCAVITY TREEMORTALITY 109

Walters, J. R., C. K. Copeyon, and J. H. Carter, III.

1992. Test of the ecological basis of cooperative

breeding in Red-cockaded Woodpeckers. Auk
109:90-97.

Walters, J. R., P D. Doerr, and J. H. Carter, III.

1988. The cooperative breeding system of the Red-

cockaded Woodpecker. Ethology 78:275-305.

Watson, J. C., R. G. Hooper, D. L. Carlson, W. E.

Taylor, and T. E. Milling. 1995. Restoration of

the Red-cockaded Woodpecker population on the

Frances Marion National Forest: three years post

Hugo. Pp. 172-182 in Red-cockaded Woodpeck-

er: recovery, ecology and management (D. L. Kul-

havy, R. G. Hooper, and R. Costa, Eds.). College

of Forestry, Stephen E Austin State Univ., Nac-

ogdoches, Texas.

Wyman, L. 1932. Experiments in naval stores prac-

tice. U.S.D.A. For. Serv. Tech. Bull. 298.


