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WOODPECKER ABUNDANCE AND HABITAT USE IN 
THREE FOREST TYPES IN EASTERN TEXAS 

CLIFFORD E. SHACKELFORD’,~ AND RICHARD N. CONNER’ 

AnsmXT.-Woodpeckers were censused in 60 fixed-radius (300 m) circular plots (divided 
into eight 4%arc pie-shaped sectors) in mature forests (60-80 years-old) of three forest types 
(20 plots per type) in eastern Texas: bottomland hardwood forest, longleaf pine (Pinus palus- 
tn’s) Savannah, and mixed pine-hardwood forest. A total of 2242 individual woodpeckers of 
eight species was detected in 144 h of censusing. Vegetation characteristics in plot sectors 
with and without woodpeckers were compared. Woodpecker presence and abundance were 
primarily associated with the occurrence of large snags and logs. Red-bellied Woodpeckers 
(Melanerpes carolinus) were the most abundant and widespread species, especially in areas 
containing more hardwoods than pines. Red-cockaded Woodpeckers (Picoides borealis) were 
the least abundant and most habitat-restricted woodpecker, occurring only in the longleaf pine 
Savannah. Pileated Woodpeckers (Dryocopus pilearus) were the most evenly distributed species 
among the forest types, but occurred primarily in mature forests with large snags and logs. 
Bottomland hardwood forests were important for Northern Flickers (Colupres auratus), Red- 
headed Woodpeckers (Melanerpes erythrocephalus), and Yellow-bellied Sapsuckers (Sphyr- 
apicus varius) during the fall and winter, and for Downy Woodpeckers (Picoides pubescens) 
during the summer and winter. The Hairy Woodpecker (P. villosus) was most frequently 
encountered in areas of recent disturbance in the mixed pine-hardwood forests, especially in 
fall. Vocal imitation of a Barred Owl (Strix varia) increased the number of woodpecker de- 
tections by 71%. Received 14 Jan. 1997, accepted 10 May 1997. 

Woodpeckers are generally considered to be valuable species because 
they eat a variety of insects considered to be harmful to forests (Steirly 
1965, Dickson et al. 1979). As primary cavity excavators, they play an 
important role in forest ecosystems because their abandoned cavities pro- 
vide shelter and nest sites for many other vertebrates (Scott et al. 1977, 
Conner 1978). Numerous studies have evaluated the habitat requirements 
of woodpeckers in a variety of forest cover types (Williams 1975; Bull and 
Meslow 1977; Conner 1980, 1983; Mellen 1987; Shackelford 1994; Loose 
and Anderson 1995). Snags (dead standing trees) are important to wood- 
peckers for foraging, roosting, nesting, and drumming (Conner 1978; Con- 
ner et al. 1975, 1994a). Increasing availability of snags has been shown to 
increase the abundance of cavity-nesting birds, especially woodpeckers 
(Balda 1975, Dickson et al. 1983). Therefore, an adequate supply of snags 
appears to be important to support large populations of woodpeckers. 

I Wildlife Habitat and Silviculture Laboratory (Maintained in cooperation with the College of Forestry, 
Stephen E Austin State University), Southern Research Station, USDA Forest Service, Nacogdoches, 
Texas 75962. 
* Present address: Texas Partners In Flight, Texas Parks and Wildlife Department, 4200 Smith School 
Road, Austin, Texas 78744. 
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Forest management practices in most eastern Texas forests emphasize 
the production of wood products for human needs, sometimes at the ex- 
pense of wildlife (USDA 1973, McWilliams and Lord 1988). If current 
and future forest management is to accommodate the needs of cavity- 
using wildlife, an understanding of the distribution, abundance, and hab- 
itat use of woodpeckers is essential for management decisions. We ex- 
amined the habitat conditions associated with the presence and abundance 
of woodpeckers in a bottomland hardwood forest, a longleaf pine forest, 
and a mixed-pine hardwood forest in eastern Texas. 

STUDY AREAS AND METHODS 

Forests in eastern Texas are dominated by three native pine species and numerous species 
of hardwoods (McWilliams and Lord 1988). We censused woodpeckers twice a month for 
a twelve-month period from March 1991 to March 1992 in a mixed pine-hardwood forest 
and from September 1992 to September 1993 in both longleaf pine Savannah and bottomland 
hardwood forest. The longleaf pine Savannah study area consisted almost entirely of pure, 
longleaf pine forest and was located on the south side of the Angelina National Forest where 
it is managed as an open, park-like, fire-climax ecosystem for Red-cockaded Woodpeckers 
(P&ides borealis) (Conner and Rudolph 1989). The mixed pine-hardwood study area was 
located on the north side of the Angelina National Forest and was dominated by an overstory 
mix of loblolly (Pinus taeda) and shortleaf (P. echinata) pines and various species of hard- 
wood (mostly Quercus, Liquidambar, and Nyssa). The bottomland hardwood forest study 
area was located along the upper Angelina River between Nacogdoches and Angelina coun- 
ties southwest of Nacogdoches, Texas. Depending on water levels, this route was surveyed 
either by motor boat or all-terrain vehicle. The forest along this river consisted almost 
entirely of a hardwood overstory and midstory (mostly Quercus, Liquidambar and Nyssa) 
with virtually no understory. A sparse ground cover comprised of leaf litter and logs was 
typically washed away by periodic flooding. 

Fixed-radius plots (Amman and Baldwin 1960, Edwards et al. 1981, Bibby et al. 1992) 
were used to determine the distribution, abundance, and habitat use of the following eight 
species of woodpeckers within the Pineywoods vegetational zone (Gould 1969) in eastern 
Texas: Northern Flickers (Colaptes auratus), Yellow-bellied Sapsuckers (Sphyrapicus vari- 
us) and Red-headed (Melanerpes eryfhrocephalus), Red-bellied (M. carolinus), Downy (Pi- 
coides pubescens), Hairy (P. villosus), Pileated (Dryocopus pile&us), and Red-cockaded 
woodpeckers. Woodpecker populations were censused in 20 circular plots (300-m radius, 
28.3 ha, Fig. 1) in each of the three forest types (a total of 60 plots) along less-traveled 
roads and along the Angelina River. Routes within forest types were primarily placed in 
areas containing extensive tracts of forests and ranged in length from 35 to 45 km. As the 
location of plots was dependent on the presence of large tracts of unbroken mature forest, 
the distribution of plots along routes was occasionally interrupted by zones of fragmentation. 
The physical location of permanent plot centers within mature forest habitat was randomly 
determined. Adjacent plot boundaries were separated by at least 100 m (700 m from plot 
center to plot center), with adjacent plot boundary separation averaging about 1 km (1600 
m from plot center to plot center). 

All woodpeckers seen or heard were recorded from the center of each plot, during a 6- 
min period. For the first half of the censusing period, we used the 3-min unsolicited cen- 
susing method that was adopted by the Breeding Bird Survey in the 1960s and many other 
subsequent studies. The first 3.min period was spent tallying woodpecker detections, while 
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FIG. 1. Design of plots (300-m radius) used for censusing woodpeckers showing the 
eight 45”-arc sectors, each with a bisecting transect with three black dots indicating vege- 
tation subplots. 

the second 3-min period was spent recording woodpecker observations after the call of a 
Barred Owl (Strix van‘s) was vocally given by the observer for approximately 10 seconds 
at each minute of the 3-min period. This call technique was used to increase the probability 
of woodpecker detections, since we knew that woodpeckers often respond to the call of a 
Barred Owl, either by vocalizing or moving closer to the source of the call (pers. observ.). 
This method of censusing woodpeckers has not previously been tested, although there are 
a few published descriptions of soliciting woodpeckers for the purpose of detection (Rush- 
more 1973, Wright 1991). Previous studies using fixed-radius point counts have shown that 
avian detections usually decrease as a function of increasing time (Scott and Ramsey 1981, 
Hutto et al. 1986). Thus, increases in woodpecker detections following Barred Owl hooting 
should represent additional detections caused by the solicitation technique. 

During the 6-min period at each plot we recorded (1) time, (2) species and numbers of 
woodpeckers, (3) the location and movement of each woodpecker from the observer to 
determine the effectiveness of the owl imitation and to keep from double-counting, (4) sector 
(45” arcs: O-45”, 46-90”, etc., 8 total) where each woodpecker was first detected, and (5) 
whether the individual woodpecker was detected in the first 3-min period, the second 3-min 
period, or both periods. 

One entire route (20 survey plots) was censused in a single morning. Woodpeckers were 
censused within three hours of sunrise, which is the peak, daytime activity period for most 
bird species (Howell 1951, International Bird Census Committee 1970). The direction in 
which a route was surveyed was alternated each survey. Each site was censused twice a 
month throughout the year and data were pooled by year and by season: spring (March, 
April and May), summer (June, July and August), fall (September, October and November) 
and winter (December, January and February). 

Vegetation data within each plot were collected during the censusing year. A total of 24 
circular subplots per plot was established, three in each of the eight sectors (Fig. 1). Each 
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FIG. 2. The relative abundance of eight woodpecker species censused in mature forests 
in eastern Texas. RBWO = Red-bellied Woodpecker, NOFL = Northern Flicker, PIWO = 
Pileated Woodpecker, DOW0 = Downy Woodpecker, RHWO = Red-headed Woodpecker, 
YBSS = Yellow-bellied Sapsucker, HAWO = Hairy Woodpecker, and RCWO = Red- 
cockaded Woodpecker. Individual woodpeckers were counted only once during each 6-min 
census period. 

subplot had a radius of 11.2 m and an area of 0.04 ha (as described by James and Shugart 
[1970]; and Conner [1980, 19831). The subplots were located along transects which bisected 
each sector, at a distance of 50 m, 150 m and 250 m from the center of each plot. 

Forest habitat data were recorded at each of the subplots: (1) basal area of all pines and 
hardwoods (separately) with a one-factor metric prism and (2) number of snags and logs mea- 
sured by diameter size class: sapling- (5-16 cm), pole- (17-32 cm) and sawtimber- (>32 cm) 
sized trees. The total number of all snags and logs of all three size classes was also recorded. 

Within each forest type, we used two-tailed z-tests to compare vegetational characteristics 
between sectors where a woodpecker species was present and where the species was absent. 
A chi-square test for goodness of fit was used to evaluate the effectiveness of silent census- 
taking versus woodpecker detections following the imitation of a Barred Owl. One-way 
analysis of variance and Duncan’s multiple range test were used to compare woodpecker 
abundances among habitat types. 

To provide a visual comparison of the habitat used by all eight woodpecker species, we 
conducted a principal component analysis using all habitat variables and a varimax rotation 
of axes. Previous studies have successfully used principal component analysis to explore 
avian-habitat relationships (James 1971, Conner and Adkisson 1977, Conner et al. 1983). 
For comparison of woodpecker species, centroids were plotted within axes created by the 
first three components, and factor loadings were used to evaluate relationships of the ca- 
nonical axes to original habitat variables. All analyses were calculated using PC-SAS (SAS 
Institute, Inc. 1988). 

RESULTS 

A total of 2242 woodpeckers representing eight species was detected 
during 144 h of observation (Fig. 2). When comparing the number of 
woodpeckers detected during the first 3-min (unsolicited) with the number 
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TABLE 1 
CHI-SQUARE ANALYSES COMPARING NUMBERS OF WOODPECKERS DETECTED DURING 3-MIN OF 

UNSOLICITED CENSUSING AND 3.~1~ OF SOLICITED CENSUSING USING THE IMITATION OF A 

BARRED OWL 

Species’ Solicited % Increase X’ P 

YBSS 26 93 257.7 37.7 

RHWO 84 161 91.7 24.2 

NOFL 164 310 89.0 45.0 

RBWO 402 747 85.8 103.6 

DOW0 118 188 59.3 16.0 

RCWO 46 60 30.4 1.8 

HAWO 46 58 26.1 1.4 

PIWO 191 221 15.7 2.2 

Total 1077 1838 70.7 198.7 

<O.Ol 

<O.Ol 

<O.Ol 

<O.Ol 

<O.Ol 

>O.lO 

>O.lO 

>O.lO 

<O.Ol 

‘YBSS = Yellow-bellied Sapsucker, RHWO = Red-headed Woodpecker, NOFL = Northern Flicker, RBWO = Red- 
bellled Woodpecker, DOW0 = Downy Woodpeckrr, RCWO = Rrd-cockaded Woodpecker, HAWO = Hairy Woodpecker, 
PIWO = Pile&d Woodpecker. 

detected during the second 3-min (solicited) of a census period, the im- 
itation of a Barred Owl resulted in a 71% increase in woodpecker detec- 
tions (Table 1). Some of the woodpeckers detected during the first 3-min 
period were also detected during the second 3-min sampling period. Chi- 
square analysis revealed that detections of five of the eight species in- 
creased significantly (P < 0.01) during the second 3-min period (Table 
1). Most individuals of most species vocalized almost immediately after 
the first hoot was imitated by the observer. Many individuals would fly 
closer and perch directly over the observer’s head, attempting to locate 
the supposed Barred Owl. 

Seasonal abundance and woodpecker use of forest cover types.-Red- 

bellied Woodpeckers (N = 878) were the most numerous and widespread 
species, occurring in all three forest types each season (Fig. 3). Northern 
Flickers (N = 375) were second in abundance but occurred primarily 
during the fall and winter months, especially in bottomland hardwood 
forests (Fig. 3). Flickers were not permanent residents on any of the study 
sites. Pileated Woodpeckers (N = 334) were common throughout the year 
in all three forest types, while Downy Woodpeckers (N = 247) were most 
common in bottomland hardwood forests during summer and winter (Fig. 
3). Red-headed Woodpeckers (N = 173) were present in bottomland hard- 
wood forests only in the fall and winter, and in the longleaf pine Savannah 
only in spring and summer (Fig. 3). Yellow-bellied Sapsuckers (N = 100) 
were most commonly found in bottomland hardwood forests in fall and 
winter, but were absent from eastern Texas in the late spring and summer 
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FIG. 3. Abundance of woodpecker species by season and forest type in eastern Texas. 
RBWO = Red-bellied Woodpecker, NOFL = Northern Flicker, PIWO = Pileated Wood- 
pecker, DOW0 = Downy Woodpecker, RHWO = Red-headed Woodpecker, YBSS = Yel- 
low-bellied Sapsucker, HAWO = Hairy Woodpecker, and RCWO = Red-cockaded Wood- 
pecker. 

(Fig. 3). Hairy Woodpeckers (N = 68) occurred mostly in mixed pine- 
hardwood forests and were detected most frequently in the fall, while 
Red-cockaded Woodpeckers (N = 67) were found year around, but re- 
stricted to the longleaf pine Savannah (Fig. 3). Hairy and Downy wood- 
peckers were virtually absent from the longleaf pine Savannah suggesting 
that Red-cockaded Woodpeckers are the only regular Picoides occurring 
in these open longleaf pine sites (Fig. 3). 

Numerous woodpeckers of all species, except Red-cockaded Wood- 
peckers, used bottomland hardwood forests during the fall and winter 
months suggesting the importance of this habitat type for woodpeckers 
during the non-breeding season (Fig. 4). Elevated woodpecker abundance 
during fall and winter in bottomland hardwood forests was primarily the 
result of migrating and wintering Northern Flickers, Red-headed Wood- 
peckers, and Yellow-bellied Sapsuckers in eastern Texas, as well as an 
increase in the number of resident Red-bellied Woodpeckers. 

Significantly more Yellow-bellied Sapsuckers, Northern Flickers, Red- 
bellied, Downy, and Red-headed woodpeckers were detected in bottom- 
land hardwood forests than in either of the other two forest types (Table 
2). Hairy and Pileated woodpeckers were more abundant in the mixed 
pine-hardwood forest than the other two forest types (Table 2). 

Woodpecker use of habitat in bottomland hardwood forests.-Wood- 
peckers, as a whole, were more abundant in bottomland hardwood forests 
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FIG. 4. Seasonal abundance of woodpeckers by forest type in eastern Texas. 
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TABLE 2 

MEAN NUMBER OF WOODPECKERS (STANDARD DEVIATION)PER PLOT SECTOR(~.~ HA)IN 
THREE FOREST TYPES IN EASTERN TEXAS 

Mixed Pine-Hardwood Longleaf Pine 
(N = 160) (N = 159) 

Bottomland Hardwood 
(N = 160) 

RBWO 

NOFL 

PIWO 

DOW0 

RHWO 

YBSS 

HAWO 

RCWO 

1.56 (2.03)a 

0.35 (0.71)a 

0.85 (I .22)a 

0.24 (0.65)a 

0.01 (0.1 1)a 

0.05 (0.22)a 

0.27 (0.70)a 

0.00 (O.OO)a 

1.26 (1.46)a 

0.20 (0.47)a 

0.64 (0.84)a,b 

0.01 (0.08)b 

0.33 (0.96)b 

0.06 (0.23)a 

0.06 (0.23)b 

0.46 (1.38)b 

2.91 (2.05)b 

1.88 (1.45)b 

0.58 (0.76)b 

1.36 (1.27)~ 

0.80 (1.78)~ 

0.54 (0.98)b 

0.14 (0.42)b 

0.00 (O.OO)a 

“RBWO = Red-bellied Wodopecker, NOFL = Northern Flicker, PIWO = Pileated Woodpecker, DOW0 = Downy 
Woodpecker, RHWO = Red-headed Woodpecker, YBSS = Ycllaw-belhed Sapsucker, HAWO = Hairy Woodpecker, RCWO 
= Red-cockaded Woodpecker. Means with common lettu~ across a TOW were not significantly different from each other 
(one-way ANOVA and Duncan‘s MRT, P < 0.05). 

than the other two forest types examined. Red-bellied Woodpeckers used 
areas with significantly greater numbers of sapling snags (present 0.19 + 
0.34/ha vs absent 0.08 + O.l7/ha, t = 2.24, P < 0.03) and sawtimber 
logs (present 0.15 2 0.31/ha vs absent 0.04 2 0.10, t = 3.02, P < 0.01). 
During fall and winter, Northern Flickers were significantly more common 
in areas with sapling snags (present 0.20 ? 0.34/ha vs absent 0.07 + 
0.20/ha, t = 2.77, P < 0.01). The presence of Pileated Woodpeckers was 
associated with increasing numbers of pole-sized snags (present 0.14 + 
0.25/ha vs absent 0.06 -+ O.l4/ha, t = 2.53, P < O.Ol), sawtimber-sized 
logs (present 0.22 + 0.38/ha vs absent 0.07 t O.l9/ha, t = 3.06, P < 
O.Ol), and total logs (present 0.35 + 4.89/ha vs absent 0.46 2 0.24/ha, t 
= 3.53, P < 0.01). 

During fall and winter, Red-headed Woodpeckers were most common 
in areas containing high numbers of sawtimber-sized logs (present 0.35 
+ 0.44/ha vs absent 0.06 5 O.l9/ha, t = 4.10, P < 0.01) and total numbers 
of logs (present 0.42 5 0.45/ha vs absent 0.16 -+ 0.34/ha, t = 3.31, P < 
0.01). Yellow-bellied Sapsuckers were absent from areas containing a 
greater quantity of sawtimber-sized snags (present 0.04 ? O.lO/ha vs ab- 
sent 0.08 f- O.lUha, t = 2.02, P < 0.05). 

The presence of Hairy Woodpeckers was associated with lower hard- 
wood basal area (present 14.50 + 5.30 m*/ha vs absent 17.04 ? 4.03 m2/ 
ha, t = 2.48, P < 0.01) and lower quantities of pole-sized snags (present 
0.05 2 O.lO/ha vs absent 0.10 + 0.21/ha, t = 1.99, P < 0.05) and saw- 
timber-sized snags (present 0.01 t O.O6/ha vs absent 0.07 5 O.l7/ha, t = 
2.89, P < 0.01). 
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Woodpecker use of habitat in longleaf pine forests.-Red-bellied 
Woodpeckers were absent from areas with a significantly higher basal 
area of pines (present 17.51 + 2.89 m2/ha vs absent 18.69 + 3.86 m2/ha, 
t = 2.02, P < 0.05). Northern Flickers were significantly more common 
in areas with sapling snags (present 0.02 2 O.O8/ha vs absent 0.00 2 
O.OO/ha, t = 2.78, P < O.Ol), yet were absent from areas with a signifi- 
cantly higher basal area of hardwoods (present 0.30 2 0.44 m2/ha vs 
absent 0.56 + 0.91 m2/ha, t = 2.29, P < 0.02). Pileated Woodpeckers 
were present in stands that had a high basal area of pines (present 18.69 
+ 3.47 m*/ha vs absent 17.32 + 3.06 m*/ha, t = 2.65, P < O.Ol), but 
were absent from areas with increasing numbers of small diameter (sap- 
ling) snags (present 0.01 + O.O3/ha vs absent 0.03 + O.O9/ha, t = 2.06, 
P < 0.04). 

In longleaf pine forests, Yellow-bellied Sapsuckers were absent from 
areas with increasing numbers of pole-sized logs (present 0.00 2 O.OO/ha 
vs absent 0.03 ? O.l3/ha, t = 2.66, P < O.Ol), sawtimber-sized logs 
(present 0.00 + O.OO/ha vs absent 0.03 2 O.ll/ha, t = 3.38, P < O.Ol), 
and total logs (present 0.00 ? O.OO/ha vs absent 0.06 + O.l8/ha, t = 4.63, 
P < O.Ol), possibly suggesting the need for a sustained supply of living 
trees that provide an adequate supply of flowing sap. Hairy Woodpeckers 
were present in areas with a high pine basal area (present 20.91 + 4.28 
m*/ha vs absent 17.76 + 3.18 m*/ha, t = 2.82, P < 0.01) and absent in 
sites without sapling snags (present 0.00 + O.OO/ha vs absent 0.02 + 0.07/ 
ha, t = 2.77, P < 0.01). 

Red-cockaded Woodpeckers were detected only in this forest type 
where their presence was significantly associated with lower basal area 
of hardwoods (present 0.55 +- 0.91 m2/ha vs absent 0.09 + 0.11 m2/ha, t 
= 2.04, P < 0.04) and higher densities of pole-sized snags (present 0.09 
? O.l6/ha vs absent 0.02 + O.O7/ha, t = 2.26, P < 0.03), total snags 
(present 0.15 + 0.23/ha vs absent 0.05 + O.l3/ha, t = 2.14, P < 0.04), 
and total logs (present 0.15 5 0.25ka vs absent 0.05 + O.l4/ha, t = 2.08, 
P < 0.05). 

Woodpecker use of habitat in mixed pine-hardwood forests.-Red-bel- 
lied Woodpeckers used areas in this forest type that had a significantly 
higher basal area of hardwoods (present 6.89 ? 3.68 m2/ha vs absent 4.85 
+ 2.56 m2/ha, t = 4.01, P < 0.01) and were absent from areas with a 
significantly higher basal area of pines (present 8.49 + 5.03 m2/ha vs 
absent 10.47 + 5.06 m2/ha, t = 2.30, P < 0.02). Northern Flicker presence 
was significantly associated with higher basal area of hardwoods (present 
7.22 + 3.71 m2/ha vs absent 5.94 2 3.39 m2/ha, t = 1.99, P < 0.05), 
numerous pole-sized logs (present 0.18 + 0.34/ha vs absent 0.04 + 0.14/ 
ha, t = 2.43, P < 0.02), sawtimber-sized logs (present 0.28 + 0.55/ha vs 
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TABLE 3 
FACTOR LOADINGS FOR THE FIRST THREE PRINCIPAL COMPONENTS OF WOODPECKER HABITAT 

IN LONGLEAF PINE,MIXED PINE-HARDWOOD,AND BOTTOMLAND HARDWOOD FORESTS OF 
EASTERN TEXAS 

Habitat variable Factor I 

Midstory density 0.767 
Canopy closure 0.290 
Canopy height 0.115 
Basal area of hardwoods 0.940 
Basal area of pines -0.939 
Basal area of sapling hardwoods 0.670 
Basal area of pole hardwoods 0.630 
Basal area of sawtimber hardwoods 0.73 1 
Basal area of sapling pines -0.417 
Basal area of pole pines -0.491 
Basal area of sawtimber pines -0.580 
Total number of snags 0.133 
Number of sapling-sized snags 0.253 
Number of pole-sized snags 0.241 
Number of sawtimber-sized snags 0.157 
Total number of logs 0.3 14 
Number of sapling-sized logs 0.158 
Number of pole-sized logs 0.212 
Number of sawtimber-sized logs 0.296 

Factor 2 Factor 3 

-0.132 -0.131 
-0.053 -0.112 

0.300 -0.725 
-0.152 0.021 

0.108 -0.034 
0.074 0.372 

-0.09 1 0.076 
0.147 -0.055 
0.009 0.654 
0.213 0.535 
0.272 0.078 
0.444 0.197 
0.278 0.244 
0.435 0.064 
0.542 0.072 
0.837 -0.119 
0.678 0.131 
0.640 -0.089 
0.699 -0.164 

absent 0.10 + 0.26/ha, t = 1.97, P < 0.05) and total logs (present 0.57 
+ 0.97/ha vs absent 0.22 + 0.55&a, t = 2.13, P < 0.04). 

Pileated Woodpecker presence was associated with a higher basal area 
of hardwoods (present 7.22 + 3.71 m2/ha vs absent 5.94 + 3.39 m2/ha, t 
= 1.99, P < 0.05) and increasing numbers of pole-sized logs (present 
0.18 + 0.34/ha vs absent 0.04 2 O.l4/ha, t = 2.43, P < 0.02), sawtimber- 
sized logs (present 0.28 + 0.55/ha vs absent 0.10 + 0.26/ha, t = 1.97, P 
< 0.05), and total logs (present 0.57 + 0.97/ha vs absent 0.22 2 0.55/ 
ha, t = 2.13, P < 0.04). Hairy Woodpeckers were most common in sites 
that had numerous sawtimber-sized snags (present 0.27 + 0.43/ha vs ab- 
sent 0.11 + 0.26/ha, t = 2.02, P < 0.05) and sawtimber-sized logs (pres- 
ent 0.38 + 0.64/ha vs absent 0.08 + 0.21/ha, t = 2.56, P < 0.02). 

Principal component analysis of woodpecker habitat.-The first six 
factors of the principal component analysis had significant eigenvalues 
(values > 1 .O). Although the first three components explained only 57.3% 
of the total variation, ordination of centroids for habitat used by the eight 
woodpecker species provided a meaningful graphic demonstration of dif- 
ferences in their habitat use (Fig. 5, Table 3). The position of the Red- 
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Red-cockaded 

FIG. 5. Principal component analysis of habitat used by eight species of woodpeckers 
in eastern Texas with centroids for species plotted against the first three factors. Increasing 
values going left-back toward center-front (Factor 1 = “Open Pine to Dense Hardwood”) 
represent increasing numbers, basal area, midstory density of hardwood trees, and increasing 
numbers of smaller-sized snags. Increasing values going center-front toward back-right (Fac- 
tor 2 = “Large Snags and Logs”) represent increasing numbers of large diameter logs and 
snags, increasing canopy height, and increasing forest maturity. Increasing values going low 
toward high (Factor 3 = “Disturbance”) represent decreasing canopy height and increasing 
numbers of smaller-sized pines, characteristics associated with disturbance patches in a ma- 
ture forest. 

cockaded Woodpeckers’ centroid is associated with pure pine stands in 
mature forest habitat with large diameter logs and snags present. The 
centroid for Hairy Woodpeckers suggests use of disturbed pine-hardwood 
stands where younger pines are present and large diameter snags and logs 
are fairly abundant. Centroids for Pileated and Red-bellied woodpeckers 
are associated with tall hardwood stands that have fairly high abundances 
of large diameter snags and logs. Centroids for Yellow-bellied Sapsuckers, 
Downy Woodpeckers, and Northern Flickers are associated primarily with 
tall hardwood stands that tend to have fewer numbers of large diameter 
snags and logs, but higher numbers of smaller diameter snags and logs 
than habitat used by the other woodpecker species. 
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DISCUSSION 

Raphael and White (1984) observed that the diversity of cavity-nesting 
birds was related to snag-size diversity. Snag retention in southern forests 
is known to increase woodpecker diversity (Evans and Conner 1979, 
Dickson et al. 1983). In our study, the presence of snags and logs was 
associated with the habitat used by all eight species of woodpeckers. 
Pileated, Hairy, and Red-bellied woodpeckers were closely associated 
with the presence of large diameter snags and logs. Pileated Woodpeckers 
in Oregon (Bull and Meslow 1977) and Missouri (Renken and Wiggers 
1989, 1993) used forests with numerous snags and logs. Throughout their 
range, Pileated Woodpeckers use snags for nesting and roosting, and snags 
and logs as foraging sites (Bull 1975, Conner et al. 1975, McClelland 
1979, Mannan et al. 1980). In our study Red-headed Woodpeckers and 
Northern Flickers were associated with increasing numbers of small di- 
ameter snags. It is unclear why they were not more closely associated 
with large diameter snags because both species are known to use large 
diameter snags regularly for nesting (Conner et al. 1975, Conner 1976, 
Jackson 1976, Ingold 1989). 

Forest age also influences habitat use by woodpeckers. Hairy, Red- 
bellied, Pileated, and Red-cockaded woodpeckers were associated with 
older-growth forest habitat. The Red-cockaded Woodpecker’s requirement 
for old-growth forests is well known (Jackson and Jackson 1986, Rudolph 
and Conner 1991, Conner et al. 1994b). In Oregon, Pileated Woodpeckers 
selected mature forest habitat age-classes greater than 70 years of age, 
and selected against forest habitat age-classes less than 40 years of age 
(Mannan 1984, Mellen 1987, Mellen et al. 1992). Other studies suggest 
that mature and old-growth forests are as important to Pileated Wood- 
peckers as the availability of dead wood (Kilham 1976, Conner 1980, 
Mannan 1984, Bull and Holthausen 1993). These features, mature forest 
and dead wood, are usually found together in forests that have been af- 
fected minimally by humans (Thomas et al. 1988). 

The presence of hardwood trees was associated with the occurrence of 
all woodpecker species except the Red-cockaded Woodpecker. Bottom- 
land hardwood forests were heavily used by Northern Flickers, Yellow- 
bellied Sapsuckers, and Red-bellied and Red-headed woodpeckers during 
fall and winter. Abundant acorn crops have been associated with wood- 
pecker use of bottomland hardwood forests (Kilham 1958). Red-headed 
Woodpeckers favor open park-like woodlands for nesting (Bock et al. 
1971, Conner 1976). This species tends to be a short-range migrant and 
when breeding habitat does not contain abundant mast for winter forage, 
Red-headed Woodpeckers often concentrate in bottomland hardwood for- 
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ests (Kilham 1958, Bock et al. 1971, Moskovits 1978, Conner et al. 
1994a). Downy Woodpeckers were also most abundant in bottomland 
hardwood forests, and were virtually absent from longleaf pine Savannah. 
Consistent with previous studies (Bent 1939, Reller 1972, Conner 1980, 
Short 1982), Red-bellied Woodpeckers were more commonly detected in 
hardwood stands than in pine stands. Consistent with the observations of 
our study, Red-cockaded Woodpeckers are typically found in the open, 
fire-disclimax, mature-pine ecosystems of the southeastern United States 
where hardwood occurrence is reduced by fire (Hooper et al. 1980, Con- 
ner and O’Halloran 1987). 

Disturbances in mature forest habitat benefited only one of the wood- 
pecker species we studied. Hairy Woodpeckers occurred most frequently 
in mature, mixed pine-hardwood forests, especially in the residual trees 
of small disturbances associated with pine bark beetle infestations and 
timber thinning activities. Hairy Woodpeckers are seldom abundant, but 
occur in a wide range of habitats (Bent 1939, Short 1982). In New York 
(Kisiel 1972) and Virginia (Conner 1980), Hairy Woodpeckers used for- 
ests with more hardwoods than conifers, but in Colorado they used forests 
with more conifers than hardwoods (Stallcup 1968). 

CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

Woodpecker abundance was primarily influenced by the presence and 
numbers of live hardwood trees, snags, and logs. Management for wood- 
peckers in mixed pine-hardwood forests should encourage provision and 
maintenance of large diameter snags and logs as well as a balance of 
hardwoods and pines. Management for woodpeckers in the longleaf pine 
Savannah should encourage the maintenance of a greater basal area of 
mature pines and numerous large diameter snags and logs. The continuous 
use of prescribed fires should be employed to keep pioneering hardwoods 
to a minimum, thus maintaining the Savannah condition. Management for 
woodpeckers in bottomland hardwood forests should include provision of 
a mature overstory where trees are left to die of natural causes supplying 
woodpeckers with a sufficient number of both small and large snags and 
logs. 

Imitating the call of a Barred Owl increased detections of woodpeckers 
relative to the numbers detected when the observer was silent, but did 
not work equally well on all species. Because of the large home range of 
many woodpecker species and their often difficult detection, owl “hoot- 
ing” by census takers should be considered during future studies on 
woodpeckers as a possible means to provide a more complete sample of 
woodpecker populations. It is likely that different species of owls should 
be used in different geographic locations to get the same mobbing effect. 
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