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Abstract.-By late 1985, the population of Red-cockaded Woodpeckers (Picoides borealis) at
the Savannah River Site, South Carolina, had declined to a low of four individuals. Because
of extensive timber harvesting prior to thr 1950s, the older live pine trees that Red-cockaded
Woodpeckers require for cavity construction were limited. We monitored thr response of the
population to intensive habitat erthancement that included construction of artificial cavities,
control of cavity competitors, and removal of the hardwood mid-story to improve nesting
habitat quality. Translorations of Red-cockaded Woodpeckers from on-site and donor pop-
ulations were undertakei to enhance the number of breeding pairs, the overall population
size, and to minimize potential adverse genetic consequences of a small population size.
From 19861995, we carried out 54 translocations,installed 305 artificial cavities, and re-
moved 2304 southern flying squirrels (Glaucomys volans) (a cavity competitor). Concomitant
intensive population monitoring revealed that thr number of breeding pairs of woodpeckers
increased from 1 to 19 and the overall population size grew from 4 to 99 individuals, reflect-
ing the highly focused habitat restoration effort. Intensive management has been successful
in rehabilitating this critically small population of endangered birds.

EXITO EN EL MANEJO INTENSO DE UNA POBLACION EN RIESGO DE
PZCOZDES BOREALIS EN CAROLINA DEL SUR

Sinopsis.—Para tines del 1985, la poblacion de Picoides borealis en el area del Rio Savannah
en Carolina delSur se habiareducido a unminimo de cuatro individuos. Debido al cosccho
intenso de madera prrvio a la décadadel 19.50 los pinos antiguos que Picoides borealis re-
quieren para construir cavidades eran limitados. Monitoreamos la respuesta de la poblacion
a un proceso intenso de mejoras de habitat que incluyé la construccion de cavidades artifi-
ciales, el control de competidores por cavidades, y la remociéon del sotobosque medio lenoso
paramejorar la calidad del habitat de anidaje. Se llevo a rabo traslocacion de individuos de
Picoides borealis de la localidad v de poblaciones donantesparaaumentar el nimero de
parejas reproduciéndose, cl tam&o total de la poblacién, y paraminimizar las posibles con-
secuencias genéticas de una poblacion pequena. Entre 1986 y 1995 llevamos a cabo 54 tras-
locaciones, instalamos 305 cavidadaes artificiales, y removimos 2304 individuos de Glaucomys
volans (un competidor por cavidades). Monitoreo intensamente concomitante de la pobla-
cion revel6 que el numero de parejas reproductivamente activas aumenté de 1 a 19 y la
poblacion total crecié de 4 a 99 individuos, reflejando el efecto del esfuerzo intenso en
restaurar el habitat. El manejointenso ha sido exitoso en rehabilitar esta criticamente pe-
quena de aves en peligro de extincihn.

The Red-cockaded Woodpecker evolved in a fire-dependent pine eco-
system within the southeastern United States. Extensive clearing for ag-
riculture or timber by the early 1900s (Krusac et al. 1995), coupled with
a fire-prevention ethic that emerged in the 1930s resulting in a significant
reduction in fire, further reduced the amount and distribution of habitat
that was suitable for the Red-cockaded Woodpecker. Major reasons for
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the Red-cockaded Woodpecker population decline include hardwood en-
croachment around cavity trees (Conner and Rudolph 1989, Costa and
Escano 1989, Locke et al. 1983, Loeb et al. 1992, Van Balen and Doerr
1978), extensive clearcutting (Conner and Rudolph 1989, Jackson 1986,
Ortego and Lay 1988), shortage of potential cavity trees (Hooper 1988,
Costa and Escano 1989, Rudolph and Conner 1991), and demographic
isolation (Costa and Escano 1989). Population growth may be restricted
by habitat quality and competition for a limited number of cavities (Co-
peyon et al. 1991, Walters et al. 1992a,b). In 1970, the U.S. Fish and
Wildlife Service designated the Red-cockaded Woodpecker as an endan-
gered species (35 Federal Register 16047, 13 October 1970) primarily as
the result of widespread modification and loss of its habitat and range,
its apparent rarity, and declines in local populations.

The population of Red-cockaded Woodpeckers at the Savannah River
Site, South Carolina, represented just one of numerous populations that
had undergone drastic declines and were close to being extirpated. Al-
though the historical population size of the Red-cockaded Woodpecker
at the Savannah River Site is not known, by the end of 1985 the popu-
lation had declined to four individuals, consisting of a breeding pair and
two other single males. Red-cockaded Woodpeckers on the Savannah Riv-
er Site were faced with a two-fold dilemma because trees that were suitable
for new cavity construction were scarce and older trees that had cavities
were becoming senescent and dying. In addition, there was evidence of
competition with numerous species for the limited number of cavities.
The objectives of this paper are to examine the responses of a critically
endangered population to a concerted recovery effort designed to thwart
local extirpation.

METHODS

Study area.-The Savannah River Site is a 80,269 ha nuclear-production
facility that was established in 1951 under the jurisdiction of the Depart-
ment of Energy. The site lies within the Upper Coastal Plain Physiograph-
ic Region, in Aiken, Allendale, and Barnwell counties, South Carolina.
Under an interagency agreement, the Savannah River Forest Station (U.S.
Department of Agriculture, Forest Service) manages the natural resources
of the site.

Aerial photographs document that before 1950, approximately 60% of
the land on the site was used for agricultural purposes. Beginning in the
1950s an intensive reforestation program was initiated that encompassed
the entire site except for administrative and nuclear production facilities,
emphasizing replanting of longleaf (Pinus palustris), loblolly (P.taeda),
and slash (P, elliotti) pines (J. Dent., pers. comm. in DeFazio et al. 1987).
Currently, approximately 50,000 ha are in pine stands, 15,000 ha are hard-
wood stands, and 4000 ha are mixed pine-hardwood stands (Workman
and McLeod 1990). The majority of pines are now less than 50 yr of age.

Midstory control and artificial cavities.—To minimize midstory devel-
opment that can cause Red-cockaded Woodpeckers to abandon cavities,
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a prescribed burning program was initiated in 1985 at the Savannah River
Site. In addition to prescribed burning, commercial thinning and other
mechanical means as well as herbicide application were employed to cre-
ate and maintain suitable nesting habitat. The initial emphasis was on
restoring and maintaining nesting habitat in active (those clusters with
one or more Red-cockaded Woodpeckers) and inactive clusters (those
with no woodpeckers present). In 1989, the focus shifted to restoring
previously unoccupied stands that are within 4.8 km of active clusters.

From 1985-1996, a total of 2182 ha (x = 181.8 ha/yr) of active clusters,
inactive clusters, and recruitment stands (a recruitment stand is an area
that does not contain a woodpecker group but that has been treated for
midstory control and has been fitted with artificial cavities) at the site
were treated with some form of midstory control (W. Jarvis, pers. comm.).
Because some sites required more than one treatment, the actual treated
acreage is more than the figures reflect. Specific treatment procedures
included broadcast applications of herbicide, cutting stems with chainsaw
or brushsaw, and cutting stems followed by herbicide stump treatments.
Intermediate and co-dominant pines in the overstory were treated mainly
with commercial thinning to reduce the remaining pine basal area to
13.8-18.3 m? per ha. In the early years of the program (1985-1990), most
of the prescribed burning was done only in small areas to enhance nesting
habitat. In later years larger areas have been treated to improve foraging
and nesting habitat.

From 1986-1996, 305 artificial cavities were installed by Forest Service
personnel for use by roosting and nesting Red-cockaded Woodpeckers at
the site (292 are still usable). Details of the design, construction, and
installation are provided in Allen (1991). Cavities were fitted with metal
plates to prevent other species, especially Red-bellied (Melanerpes caroli-
nus) and Pileated (Dryocopus pileatus) Woodpeckers from enlarging cavity
entrances and usurping the cavities.

Control of southern flying squirrels.-The need to remove southern fly-
ing squirrels (Glaucomys volans) from cavities at the Savannah River Site
was recognized by DeFazio et al. (1987) as they posed a threat to efforts
to expand the woodpecker population. In an attempt to limit squirrel use
of Red-cockaded Woodpecker cavities, nest boxes were affixed to the sides
of cavity trees in April 1986 (DeFazio and Lennartz, 1987). Cavities in
cavity trees and squirrel nest boxes were checked regularly (generally
once per month). Any flying squirrels encountered during these checks
were destroyed by cervical dislocation after pulling them from the cavity
using a flexible mechanics tool equipped with a pinching device at one
end or removing them by hand from the nest boxes. Active clusters, in-
active clusters, and recruitment stands were included in the squirrel mon-
itoring program.

Monitoring and population status and trends.-Intensive monitoring of
the Red-cockaded Woodpecker population at the Savannah River Site has
been underway since 1985. All cavities, whether natural (e.g., constructed
by the Red-cockaded Woodpecker) or artificial, were monitored year-
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round to determine whether they were being used by Red-cockaded
Woodpeckers or other species. The observer secured a Swedish climbing
ladder on the front of the cavity tree and then climbed the tree using
prescribed safety measures. Cavity checks using a dentist’s mirror and
flashlight that could be inserted into the cavity provided data on number
of eggs, number of nestlings, laying and hatching dates, and sex of nest-
lings. Number of fledglings was determined by observing the cluster area
frequently at the predicted time of fledging based on hatching dates.

All adults on the site were banded with a U.S. Fish and Wildlife Service
aluminum leg band and with a unique color plastic leg band combination
so that they could be identified in the field. Birds were banded either as
nestlings or when first captured on the site. All woodpeckers that have
been translocated from other populations were banded prior to being
released at the site.

Population status, reproductive success, spatial distribution, and group
composition were derived from the group and cavity check data. Survi-
vorship and mortality were determined during monthly observations of
groups throughout the year. During the breeding season (April-July)
monitoring efforts were intensified and each group was observed weekly.
As Red-cockaded Woodpeckers return nightly to roost individually in cav-
ities in their respective clusters, the status of individual birds can usually
be ascertained by visiting the roost trees either in the evening when birds
return to roost or early in the morning prior to the birds emerging.
Observations of each group provided information on survival, sex ratio,
number of helpers, number of active/inactive pairs, location of nests,
identity of breeding adults, fledging dates, number and sex of fledglings,
and reproductive success.

RESULTS

Red-cockaded Woodpeckers readily accepted the artificial cavities and
successfully reproduced in them. From 1986-1995, 54 Red-cockaded
Woodpeckers were translocated from either off-site (donor) populations
(n = 21) or within the Savannah River Site (n= 33) using different
experimental strategies into clusters provisioned with artificial or natural
cavities (Franzreb, unpubl. data). The goal of these translocations was to
provide a mate to an established breeding bird who had lost its partner
or to form a new pair in unoccupied territory. Results for the initial 16
translocations were reported in Allen et al. (1993) and the outcome of
the 54 translocations in Franzreb (unpubl. data). Thirty-one of 49 trans-
locations involving subadult and adult Red-cockaded Woodpeckers were
successful as defined by the bird remaining at the release site or closeby
for at least 30 d after being released, and 51.0% of the translocated birds
have reproduced (Franzreb, unpubl. data). Five additional translocations
of nestlings were conducted which produced one success.

Prior to the first translocations of Red-cockaded Woodpeckers in 1986
at the Savannah River Site, flying squirrel activity had been monitored on
a regular basis by climbing all trees in all active clusters; it was rare to
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find a squirrel in a Red-cockaded Woodpecker cavity (DeFazio and Len-
nartz 1987). However, in April 1986, an increase in the number of flying
squirrels was detected in all active Red-cockaded Woodpecker clusters.
During 1986 when nest boxes were first installed and monitored, 15 of
98 (15.3%) squirrels that were detected were able to escape. Removing
squirrels from natural and artificial cavities using the mechanics tool was
far easier and resulted in less than a 5% escape rate. A total of 2304
southern flying squirrels have been removed and destroyed from artificial
cavities, natural cavities, and nest boxes at the Savannah River Site (Table
1). On an annual basis, cavity inspections varied from a low of 282 in
1986 to a high of 4594 in 1995. We removed 1511 squirrels from artificial
cavities, 652 from natural cavities, and 141 from nest boxes. The number
of squirrels removed per inspection has varied ranging from 0.07-0.29
squirrels removed/cavity inspected (Table 1). By 1995, the percent of
flying squirrels found in nest boxes had declined to a low of 2.8% (n =
527 flying squirrel captures). Because nest boxes in recent years had be-
come only marginally effective, monitoring of nest boxes was discontin-
ued in late 1995.

After the 1985 breeding season, there were ten Red-cockaded Wood-
peckers at the site (Figure 1), although the population subsequently de-
clined to four birds by late 1985 (Gaines et al. 1995). With the exception
of 1987 and 1988, in which the number of birds was stable, the population
has grown every year, increasing to 21 active groups and a total of 99
individuals by the end of the breeding season in 1996 (Table 2). Of these
21 groups, there were 19 breeding pairs of which 16 were reproductively
successful, producing 43 fledglings (Table 2).

Except for 1988, the number of fledglings produced has increased year-
ly (Figure 2) and has varied from 3 to 43 (Table 2). During most years,
male fledglings outnumber females; however, in 1988 all fledglings were
female (Figure 2). The mean fledging success for 1985-1996 based on
the number of fledglings/successful nesting attempt was 2.3 and ranged
from a low of 1.6 in 1991 (== 8 nesting attempts) to a high of 3.0 in
1985 (n = 1 nesting attempt). In 1991, one pair nested twice, successfully
fledging one young each time. Successful double-clutching is a rarely ob-
served in this species (Labranche et al. 1994).

DISCUSSION

Typical Red-cockaded Woodpecker nesting habitat consists of an open,
mature pine stand with little hardwood midstory and with relatively low
pine basal areas ranging from 11.5-18.4 m? ha (Gaines et al. 1995). In-
creasing hardwood midstory development may cause Red-cockaded
Woodpeckers to abandon clusters once the midstory attains a certain
height and basal area (Conner and Rudolph 1989, Costa and Escano
1989, Hooper et al. 1991, Loeb et al. 1992). Historically, fires that oc-
curred every 3-5 yr and most frequently during the growing season (Kru-
sac et al. 1995), were largely responsible for limiting hardwood encroach-
ment and maintaining the pine and pine-hardwood ecosystems in which
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Ficure 1. Sex ratio and population growth in response to intensive management of Red-
cockaded Woodpeckers at the Savannah River Site, South Carolina (1985-1996).

the Red-cockaded Woodpecker evolved (Foti and Glenn 1991, Landers
1987, Landers et al. 1990, Runkle 1991). Hardwood midstory control
(prescribed burn, cutting, and use of herbicides) that mimics the natural
fire regime has been an essential component of the conservation of the
Red-cockaded Woodpecker at the Savannah River Site.

The use of Red-cockaded Woodpecker cavities by other species has
been previously documented (Harlow and Lennartz 1983, Jackson 1978,
Loeb 1993, Loeb and Stevens 1995, Rudolph et al. 1990). On the Nox-
ubee National Wildlife Refuge, flying squirrels extensively used Red-cock-
aded Woodpecker cavities (Richardson and Stockie 1995). Richardson
(unpub. data cited in Richardson and Stockie 1995) report that in most
cases, Red-cockaded Woodpeckers reoccupied cavities after the flying
squirrels were removed by hand. Rudolph et al. (1990) examined com-
petition for roosting and nesting cavities in a Texas population of Red-
cockaded Woodpeckers in longleaf pines. They concluded that competi-
tion for cavities during the time prior to the breeding season was not an
important consideration.

In earlier Red-cockaded Woodpecker work conducted at the Savannah
River Site, DeFazio and Lennartz (1987) suggested that, “Removal of dra-
matic influxes of squirrels from a colony in one month may decrease the
number of squirrels found in that colony during the following two
months.” However, it was not clear from their report whether flying squir-
rels had an impact on woodpecker reproduction. Because of the small
population size of Red-cockaded Woodpeckers at the Savannah River Site,
it would not be feasible to compare reproductive success in clusters with
active squirrel monitoring to those without squirrel removal. An assess-
ment of the efficacy of this activity was needed to determine if the costly
and time-consuming squirrel monitoring program should be continued.



TABLE 2. Annual reproductive

data and population growth (1985-1996) for the Red-cockaded Woodpecker at the Savannah River Site, South

Carolina.
Mean
Year 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996  no./yr
Number of:
Active groups? 5 3 3 4 4 7 8 10 1 13 18 21 8.9
Breeding pairs 1 2 3 2 4 5 6 8 11 13 17 19 7.6
Nesting attempts 1 2 3 2 5 6 8 11 15 14 20 24 9.3
Successful pairs 1 2 3 2 4 5 6 -5 9 13 16 16 6.8
Successful pairs-1st nest 1 2 3 2 4 6 5 4 7 13 13 13 6.1
Successful pairs-2nd nest 0 0 0 0 1 1 2 1 2 0 3 3 1.1
Successful nests 1 2 3 2 4 5 7 5 9 13 16 16 6.9
Eggs laid 3 7 9 7 14 23 30 35 46 54 77 83 32.3
Hatchlings 3 5 7 7 11 15 24 24 26 38 50 57 22.3
Fledglings 3 4 7 4 8 9 11 13 22 32 36 43 16.0
Reproductive rate:
Fledglings/breeding pair 3.0 2.0 2.3 2.0 2.0 1.8 1.8 1.6 2.0 2.5 2.1 2.3 2.2
Fledglings/successful pair 3.0 2.0 2.3 2.0 2.0 1.8 1.8 2.6 2.4 2.5 2.3 2.7 2.3
Fledglings/nesting attempt 3.0 2.0 2.3 2.0 1.6 15 1.4 1.2 15 2.3 1.8 1.X 1.9
Fledglings/successful nest 3.0 2.0 2.3 2.0 2.0 1.8 1.6 2.6 2.4 2.5 2.3 2.7 2.3
Sex ratio-fledglings (M/F) unk 2:2 34 0:4 5:3 54 3:8 6:7 14:8 17:15  20:16 21:22  96:93
Total population size 10 11 14 14 18 25 30 36 53 76 89 99

2 Includes single bird clusters.
b Post-breeding season peak.
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Ficure 2. Number and sex ratio of Red-cockaded Woodpecker fledglings produced at the
Savannah River Site, South Carolina (19X5-1996).

To address this question, a controlled experiment to test whether south-
ern flying squirrels adversely affect reproductive success of Red-cockaded
Woodpeckers was recently completed in the Carolina Sandhills National
Wildlife Refuge in eastern South Carolina, a habitat that is similar to the
Savannah River Site (e.g., Upper Coastal Plain). Results suggested that
Red-cockaded Woodpecker groups that nested in areas in which flying
squirrels had been removed by ground trapping and during cavity checks
produced significantly more fledglings than control clusters during both
years of this study (1994 and 1995) (Laves and Loeb 1996; Laves unpubl.
data). At the Savannah River Site, the reproductive rates were 2.5 in 1994
and 2.1 in 1995 and were similar to that found in the Sandhills study for
clusters in which flying squirrels had been removed. The fact that the
reproductive rates were similar in the treated Savannah River Site and
Sandhill populations suggests that flying squirrel removal has had a ben-
eficial effect on woodpecker reproduction in the Savannah River Site pop-
ulation.

Although we removed a large number of flying squirrels to limit cavity
competition with the Red-cockaded Woodpecker at the Savannah River
Site, a more effective, less labor intensive technique was needed. A meth-
od to minimize flying squirrel access to actual or potential Red-cockaded
Woodpecker cavities was developed by Montague et al. (1995). The squir-
rel excluder device, or SQED, consists of paired strips of aluminum flash-
ing stapled tightly to the bark above and below the cavity entrance. In an
experiment of this new device on the Ouachita National Forest, west-
central Arkansas, squirrels abandoned 6 of 10 cavities that had been treat-
ed by installing excluder devices and Red-cockaded Woodpeckers reoc-
cupied 10 of the 11 cavities ‘(one treated cavity was not occupied previ-
ously by squirrels) (Montague et al. 1995). Their results provide indirect
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evidence that occupation of cavities by flying squirrels may preclude use
by Red-cockaded Woodpeckers. Recently SQEDs were tested at the Savan-
nah River Site in unoccupied Red-cockaded Woodpecker clusters and re-
sults indicated that the devices were effective in impeding cavity use by
flying squirrels (Loeb, in press). As of yet, Red-cockaded Woodpeckers
have not used these SQED-treated cavity trees at the Savannah River Site
which may be because these trees are in habitat that was previously un-
occupied by woodpeckers. Also, debris (e.g., twigs, moss, etc.) that was
brought into the cavities by the squirrels was not removed when the
SQEDs were affixed to the trees, a procedure that Montague (pers.
comm.) believes would have made the cavities more attractive to wood-
pecker use. Testing of SQEDs at the Savannah River Site is now being
expanded to include active clusters.

The research on the Red-cockaded Woodpecker population at the Car-
olina Sandhills National Wildlife Refuge in which squirrel removal ben-
efited Red-cockaded Woodpecker reproductive success, the similar wood-
pecker reproductive rates between the Savannah River Site and Carolina
Sandhills clusters that had undergone squirrel removal, and the high rate
of reoccupancy of Red-cockaded Woodpecker cavities on cavity trees that
were treated with squirrel excluder devices (Montague et al. 1995) indi-
cate that squirrel presence may be deleterious to woodpecker recovery.
Although there is no direct evidence specific to the Savannah River Site
regarding the impact of flying squirrels on woodpecker reproductive suc-
cess, the results of these studies suggest that continued efforts to monitor
and exclude flying squirrels at this site are warranted.

Mean reproductive rates for Red-cockaded Woodpecker populations
elsewhere within the range, based on the number of fledglings/successful
nesting attempt, are variable and include 2.1 for the Carolina Sandhills,
North Carolina (Carter et al. 1995), 1.3 in Florida (DeLotelle and New-
man 1983), 1.5 in Florida (Ligon 1970), 1.6 in coastal South Carolina
(Lennartz et al. 1987), 1.9 in Texas (Lay et al. 1971), and 1.7 in the
Georgia Piedmont (Lennartz and Heckel 1987). At the Savannah River
Site, the relatively high mean reproductive rate of 2.3 fledglings per suc-
cessful nesting attempt, suggests a high degree of effectiveness for the
focused management approach to this population.

Two other studies have documented stimulation of population growth
in small populations of Red-cockaded Woodpeckers. On the Noxubee
National Wildlife Refuge, Mississippi, the population had declined to 16
active clusters in 1986. From 1990-1992, installation of cavity inserts, cre-
ation of recruitment stands, removal of nest predators and competitors,
and hardwood midstory control increased the population to 32 active
clusters (Richardson and Stockie 1995). In the St. Marks National Wildlife
Refuge, Florida, the population had declined to four birds by 1982. Of
the two pairs and one single male that were translocated there in 1984
and 1986, one female remained and bred successfully producing nine
fledglings over four years, more than all other pairs combined. By 1992,
the population had increased to 21 birds, largely the result of the repro-
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ductive influence of this one female (Reinman 1995). The Savannah River
Site research described herein included the management activities done
on the Noxubee refuge, plus the translocation approach used on the St.
Marks refuge. Based on these studies, it is clear that intensive manage-
ment is an effective tool in halting declines in seriously depleted small
populations and in stimulating population growth in Red-cockaded
Woodpeckers.

ACKNOWLEDGMENTS

This research was funded by the Department of Energy, Savannah River Site, and its co-
operation is gratefully acknowledged. | thank G. Gaines, J. Blake, S. Loeb, and E. Stevens
for their insightful discussion and comments. In addition, P. Jackson (DOE) and Savannah
River Forest Station staff (especially J. Irwin, E. LeMaster,and W. Jarvis) provided support
throughout the course of this work. | am indebted to J. Blake for his long-standing support.
M. Lennartz deserves special credit for involvement through 1990. | am grateful to the
numerous hard-working research field support staff, in particular, D. Allen, K. Laves,J. Ed-
wards, D. Ussery, P. Johnston, and K. Shinn, as well as wildlife biologists, foresters, and tech-
nicians at the Savannah River Forest Station and the donor population forests for their
outstanding efforts on behalf of this project. | thank D. C. Rudolph and J.P.Reinman for
their thoughtful comments on the ms.

LITERATURE CITED

Acen, D. H. 1991. An insert technique for constructing artificial Red-cockaded Woodpecker
cavities. U.S. Dept. Agric., Forest Service, Gen. Tech. Rep. SE-73, Southeastern For. Exp.
St., Asheville, North Carolina. 19 pp.

JK_F_FranzRrEB, AND R. E. F. Escano. 1993. Efficacy of translocation strategies for
Red-cockaded Woodpeckers. Wildl. Soc. Bull. 21:155-159.

CARTER, J. H. lll., J. R. WALTERs, AND P. D. DOERR. 1995. Red-cockaded Woodpeckers in the
North Carolina Sandhills: a 12-year population study. Pp. 248-258, in D. L. Kulhavy, R.
G. Hooper, and R. Costa, eds. Red-cockaded Woodpecker: recovery, ecology and man-
agement. Center for Applied Studies, College of Forestry, Stephen F. Austin State Univ.,
Nacogdoches, Texas.

Conner, R. N., ano D. C. RuboLpH. 1989. Red-cockaded Woodpecker colony status and
trends on the Angelina, Davy Crockett, and Sabine National Forests. USDA Forest Ser-
vice Res. Pap. SO-250, New Orleans, Louisiana. 15 pp.

CopeYoN, C. K, J. R. WALTERS, axo J. H. CARTER, Ill. 1991. Induction of Red-cockaded
Woodpecker group formation by artificial cavity construction. J. Wildl. Manage. 55:549-
556.

CosTA, R., AND R. E. F. Escano. 1989. Red-cockaded Woodpecker: status and management
in the southern region in 1986. U.S. Dept. Agric., Forest Service Tech. Pub. R8-TP 12,
Southern Region, Atlanta, Georgia. 71 pp.

DEeFAZ10,J. T., JR., AND M. R. LENNARTZ. 1987. Establishment of a viable population of Red-
cockaded Woodpeckers at the Savannah River Plant. Progress Rept., U.S. Dept. Agric.,
Southeastern Forest Experiment Station, Clemson, South Carolina.

-, M. A. HunNIcUTT, M. R. LENNARTZ, G. L. CHAPMAN, AND J. A. JACKSON. 1987. Red-
cockaded Woodpecker translocation experiments in South Carolina. Proc. Ann. Conf.
Southeastern Assoc. Fish and Wildl. Agencies 41:311-317.

DELOTELLE, R. 8., AND J. R. NEwmAN. 1983. Possible factors influencing Red-cockaded Wood-
pecker colony abandonment: a case study. Pp. 104-106, in D. A. Wood, ed. Red-cockaded
Woodpecker Symposium Il. Proc. Florida Game and Fresh Water Fish Commission, Tal-
lahassee, Florida.

FoTi, T. L., AND S. M. GLENN. 1991. The Ouachita Mountain landscape at the time of
settlement. Pp. 49-66, in D. Henderson, and L. D. Hedrick, eds. Restoration of old




Vol. 68, No. 3 Management of Red-cockaded Woodpeckers [469

growth forests in the Interior Highlands of Arkansas and Oklahoma, Proc.Conf. Win-
rock International, Morrilton, Arkansas.

Gaines, G. D, K. E. FRANZREB, D. H. ALLen, K. S. LAVES, anp W. L. JARVIS. 1995. Red-
cockaded Woodpecker management at the Savannah River Site: a management/research
success story. Pp. 81-88, in D. L. Kulhavy,R. G. Hooper, and R. Costa, eds. Red-cockaded
Woodpecker: recovery, ecology and management. Center for Applied Studies, College
of Forestry, Stephen F. Austin State Univ., Nacogdoches, Texas.

HarRLOW, R. F., AND M. L. LENNARTZ. 1983. Interspecific competition for Red-cockaded
Woodpecker cavities during the nesting season in South Carolina. Pp. 41-43, in D. A.
Wood, ed. Red-cockaded Woodpecker Symposium II. Proc. Florida Game and Fresh
Water Fish Commission, Tallahassee, Florida.

HOOPER, R. G. 1988. Longleaf pines used for cavity trees by Red-cockaded woodpeckers. .
Wildl. Manage. 52:392-398.

D. L. KRUSAC, anp D. L. CARLSON. 1991. An increase in a population of Red-cock-
adkd Woodpeckers. Wildl. Soc.Bull.19:277-286.

JacksoN, J. A. 1978. Predation by a gray rat snake on Red-cockaded Woodpecker nestlings.
Bird-Banding 49: 187-1 88.

. 1986. Biopolitics, management of federal lands, and the conservation of the Red-
cockaded Woodpecker. Amer., Birds 40:1 162-1168.

Krusac, D. L., J. M. DABNEY, anp . J. PETRICK. 1995. An ecological approach to recovering
the Red-cockaded Woodpecker on southern national forests. Pp. 61-66, in Kulhavy, R.
G. Hooper, and R. Costa, eds. Red-cockaded Woodpecker: recovery, ecology and man-
agement. Center for Applied Studies, College of Forestry, Stephen F. Austin State Univ.,
Nacogdoches, Texas.

LABRANCHE, M. S., J.R. WALT ERS, AND K. S.LLAVES. 1994. Double brooding in Red-cockaded
Woodpeckers. Wilson Bull. 106:403—408.

L.ANDERS, J. L. 1987. Prescribed burning for managing wildlife in southeastern pine forests.
Pp. 19-27, inJ. G. Dickson, and 0. E. Maughan, eds. Managing southern forests for
wildlife and fish. U.S. Dept. Agric., Forest Service, Gen. Tech. Rep. SO-65, New Orleans,
Louisiana.

, N. A. BYRD, AND R. KOMAREK. 1990. A holistic approach to managing longleaf pine
communities. Pp. 135-167, in R. M. Farrar, rd. Proc.Symp. on the Management of
Longleaf Pine. U.S. Dept. Agric., Forest Service, Gen. Tech. Rep. SO-75.

LAVES, K. S, AND S. C.LOEB. 1996. Effects of southern flying squirrels on Red-cockaded
Woodpecker reproductive success. Abstr. The Wildlife Society 1996 Annual Conference,
Cincinnati, Ohio.

LAy, D. W., E. W.MCDANIEL, anD D. N. RUSSELL. 1971. Status of investigations of range and
habitat requirements. Pp. 74-77, in R. L. Thompson, ed. Ecology and management of
the Red-cockaded Woodpecker, U.S. Bur. Sport Fish. and Wildl. and Tall Timbers Res.
Sta., Tallahassee, Florida.

LLENNARTZ, M. |,., AND D. G.HECKEL. 1987. Population dynamics of a Red-cockaded Wood-
pecker population in Georgia piedmontloblolly pine habitat. Pp. 48-55, in R. R. Odum,
K. A. Riddleberger. and ].C.Ozier, eds. Proc. Third Southeastern Nongame and En-
dangered Wildlife Symposium. GA Dept. Nat. Res., Game and Fish Div., Atlanta, Georgia.

,R.(LHOOPER, anp R. F. HARLOW. 1987. Sociality and cooperative breeding in Red-
cockaded Woodpecker% (Picoides borealis), Behav. Ecol. Sociobiol. 20:77-88.

L1GON,|. D. 1970. Behavior and breeding biology of the Red-cockaded Woodpecker. Auk
87:255-278.

LOCKE, B. A, R. N.CONNER, AND J. C.KROLL. 1983. Factors influencing colony site selection
by Red-cockaded Woodpeckers. Pp. 46-50, in D. A. Wood, ed. Red-cockaded Wood-
pecker Symposium IL.Proc. Florida Game and Fresh Water Fish Commission, Tallahas-
see, Florida.

LoOEB, S. C. 1993. Use and selection of Rrd-cockaded Woodpecker cavities by southern flying
squirrels. J. Wildl. Manage. 57:329-335.

In press. Effectiveness of squirrel excluder devices in deterring southern flying

squirrels from using Red-cockaded Woodpecker cavities. Proceed. Southeastern Assoc.

Fish & Wwildl. Agencies Ann. Conf., Hot Springs, Arkansas, October 5-9, 1996.




470] K.E. Franzreb J. Field Ornithol.
Summer 1997

W. D. PeppreRr, AND A. T. DovLe. 1992. Habitat characteristics of active and aban-

doned Red-cockaded Woodpecker colonies. So. J.Appl. For. 16:120-125.

, AND E. E. STEVENS. 1995. Turnover of Red-cockaded Woodpecker nest cavities on
the Piedmont Plateau. Pp. 361-366, in D. L. Kulhavy, R. G. Hooper, and R. Costa, eds.
Red-cockaded Woodpecker: recovery, ecology and management. Center for Applied
Studies, College of Forestry, Stephen F. Austin State Univ., Nacogdoches, Texas.

MONTAGUE, W. G., J. C. NeaL, J. E. JOHNSON, a0 D. A. JAMES. 1995. Techniques for ex-
cluding southern flying squirrels from cavities of Red-cockaded Woodpeckers. Pp. 401-
409, in D. L. Kulhavy, R. G. Hooper, and R. Costa, eds. Red-cockaded Woodpecker:
recovery, ecology and management. Center for Applied Studies, College of Forestry,
Stephen F. Austin State Univ., Nacogdoches, Texas.

ORTEGO, B.,, AND D. Lay. 1988. Status of Red-cockaded Woodpecker colonies on private
lands in east Texas. Wildk Soc. Bull. 16:403-405.

REINMAN, J. P. 1995. Status and management of Red-cockaded Woodpeckers on St. Marks
National Wildlife Refuge 1980-1992. Pp. 106-1 11, in D. L. Kulhavy, R. G. Hooper, and
R. Costa, eds. Red-cockaded Woodpecker: recovery, ecology and management. Center
for Applied Studies, College of Forestry, Stephen F. Austin State Univ., Nacogdoches,
Texas.

RicHarDsoN, D. M., AND J. M. STOCKIE. 1995. Response of a small Red-cockaded Wood-
pecker population to intensive management at Noxubee National Wildlife Refuge. Pp.
98-105, in D. L. Kulhavy, R. G. Hooper, and R. Costa, eds. Red-cockaded Woodpecker:
recovery, ecology and management. Center for Applied Studies, College of Forestry,
Stephen F. Austin State Univ., Nacogdoches, Texas.

RupboLpPH, D. C., H. KyLg, AND R. N. ConNER. 1990. Competition for Red-cockaded Wood-
pecker roost and nest cavities: effects of resin age and entrance diameter. Wilson Bull.
102:23-36.

, AND R. N. CONNER.  1991. Cavity tree selection by Red-cockaded Woodpeckers in
relation to tree age. Wilson Bull. 103:458-457.

RUNKLE, J. R. 1991. Natural disturbance regimes and the maintenance of stable regional
floras. Pp. 31-48, in D. Henderson, and L. D. Hedrick, eds. Proc. of Conf., Restoration
of old growth forests in the interior highlands of Arkansas and Oklahoma.

VAN BALEs, J. B,, AND P. D. DOERR. 1978. The relationship of understory vegetation to Red-
cockaded Woodpecker activity. Proc. Ann. Conf. Southeastern Assoc. Fish and Wildl.
Agencies 32:82-92.

WALTERS, . R, C.K. Copevon, AND J.H. CarTer, |11. 1992a Test of the ecological basis of
cooperative breeding in Red-cockaded Woodpeckers. Auk 109:90-97.
, P. D. DOERR, AND . H. CARTER, Ill. 1992b. Delayed dispersal and reproduction as

a life-history tactic in cooperative breeders: fitness calculations from Red-cockaded
Woodpeckers. Amer. Nat. 139:623-643.

WoRKMAS, S. W, AND K. W. MCLEOD. 1990. Vegetation of the Savannah River Site: major
community types. U.S. Dept. Energy, Savannah River Site, SRO-NERP-19. 137 pp.

Received 11 Sep. 1996; accepted 3 Dec. 1996.



