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Abstract: Sexual divergence in foraging behavior 
exhibited by red-cockaded woodpeckers (Picoides 
borealis) should reduce intersexual competition for 
foraging sites. Males tend to forage at greater heights 
and on smaller stem diameters than females. It is well 
known that red-cockaded woodpeckers have an 
aversion to a well-developed stratum of midstory vege- 
tation. Foraging areas with increased midstory 
vegetation may cause females to increase their foraging 
height, thus bringing them into greater competition with 
males. It has been suggested that female red-cockaded 
woodpeckers, to a greater extent than males, may suffer 
nutritional stress due to a reduction in foraging niche 
under certain conditions. In eastern Texas, we measured 
growth bars of red-cockaded woodpecker rectrices 
using the techniques of ptilochronology to obtain an 
index of nutritional status of individual woodpeckers 
during the period of feather growth. Total rectrix length 
and body mass were also obtained as additional 
measures of nutritional status. Data were acquired from 
2 forest types determined by the dominant pine species 
in the overstory: (1) longleaf pine (Pinus palustris) 
habitat which is relatively devoid of well-developed 
midstory vegetation, and (2) mixed loblolly pine (l? 

taeda)-shortleaf pine (l? echinata) habitat where 
midstory vegetation was generally well-developed. We 
compared width of 6 growth bars, rectrix length, and 
body mass between birds occupying these 2 pine 
habitats using 2-factor analyses of variance with pine 
habitat and molt year as the main effects. These were 
followed by a least significant-difference test. Adult 
males and adult females were tested separately. Width 
of 6 growth bars and rectrix length were similar for adult 
males in longleaf pine and loblolly-shortleaf pine 
habitats, but body mass was greater in the latter. Width 
of 6 growth bars, rectrix length, and body mass were all 
greater for adult females in loblolly-shortleaf pine 
habitat than in longleaf pine habitat. Our results indicate 
that red-cockaded woodpeckers are generally more 
nutritionally fit in loblolly-shortleaf pine than in 
longleaf pine habitat in eastern Texas despite more 
adverse midstory conditions in the former. They also 
suggest adult females may experience greater nutri- 
tional stress than adult males. 
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Red-cockaded woodpeckers inhabit fire-climax pine 
forests of the southeastern United States (Jackson 
1971). The species is a cooperative breeder, living in 
social units typically consisting of the breeding pair, 0- 
3 male helpers, and offspring of the year (Ligon 1970, 
Lennartz et al. 1987, Walters et al. 1988~).  

Red-cockaded woodpeckers forage predomi- 
nately in live pines (Pinus spp.) with minor use of 
recently dead pines and other genera (Ligon 1970, 
Hooper and Lennartz 1981, Delotelle et al. 1983). Each 
social unit typically forages as a group (Hooper and 
Lennartz 1981) and uses a foraging area of 14.2 to over 
400 ha (Crosby 1971b, Sherrill and Case 1980, 
Patterson and Robertson 1981, Hooper et al. 1982, 
Nesbitt et al. 1983, Jackson and Schardien-Jackson 
1986). 

Red-cockaded woodpeckers exhibit sexual 
divergence in foraging behavior with males foraging at 
greater heights and on smaller average stem diameters 
than females (Ligon 1968; Ramey 1980; Hooper and 
Lennartz 1981; C. Rudolph et al., U.S. Forest Service, 
unpublished data). Sexual divergence in foraging niches 
can result from genetic differences or behavioral inter- 
actions. In the genus Picoides, both genetic (Jackson 
1970b, Williams 1980) and behavioral (Ligon 1968; 
Hogstad 1976, 1978) mechanisms have been hypothe- 
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Figure 12. Foraging of red-cockaded woodpeckers in Group 4 versus 
availability of pine trees by tree size class within 800 m of group nest 
tree at the Savannah River Site, South Carolina (1992 to 1995). 
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Figure 13. Foraging of red-cockaded woodpeckers in Group 5 versus 
availability of pine trees by tree size class within 800 m of group nest 
tree at the Savannah River Site, South Carolina (1992 to 1995). 
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Figure 14. Foraging of red-cockaded woodpeckers in Group 6 versus 
availability of pine trees by tree size class within 800 m of group nest 
tree at the Savannah River Site, South Carolina (1992 to 1995). 
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Figure 15. Foraging of red-cockaded woodpeckers in Group 7 versus 
availability of pine trees by tree size class within 800 m of group nest 
tree at the Savannah River Site, South Carolina (1992 to 1995). 
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Figure 16. Mean tree use by foraging of red-cockaded woodpeckers, all 
groups combined, versus mean availability of pine trees by tree size 
class within 800 m of group nest trees at the Savannah River Site, South 
Carolina (1992 to 1995). 
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Figure 17. Red-cockaded woodpeckers mean reproductive rate versus 
number of pine stems greater than 25.4 cm dbh and within 800 m of the 
nest tree. 

-- 

-- 

- -  



sized. Evidence supporting the behavioral hypothesis 
has been provided in the case of the downy woodpecker 
(I? pubescens) by Kilham (1970) and Peters and Grubb 
(1983). 

It has been suggested that female red-cockaded 
woodpeckers, to a greater extent than males, may suffer 
nutritional stress due to a reduction in foraging niche 
under certain conditions (J. Jackson, Florida Gulf Coast 
University, personal communication). Red-cockaded 
woodpeckers select larger pines for foraging (Hooper 
and Lennartz 1981, Delotelle et al. 1983, Engstrom and 
Sanders 1997, Zwicker and Walters 1999). On smaller 
trees the spatial separation between females and males 
is reduced (Ramey 1980, Jackson and Schardien- 
Jackson 1986). If males are behaviorally dominant, the 
detrimental effects of foraging on smaller pines may be 
more severe for females. 

Midstory vegetation, especially broadleaf 
species, surrounding cavity trees has been shown to 
have a negative effect on red-cockaded woodpeckers 
(Grimes 1977, VanBalen and Doerr 1978, Locke et al. 
1983, Conner and Rudolph 1989, Loeb et al. 1992). 
More recently, the negative effects of midstory vegeta- 
tion within foraging habitat have been investigated 
(Epting et al. 1995, Davenport et al. 2000, Walters et al. 
2002b). Results from Rudolph et al. (2002) indicate that 
red-cockaded woodpeckers tend to avoid dense 
midstory vegetation by increasing foraging height. 
Consequently, the female foraging niche may be 
compressed by midstory vegetation from below, and by 
the behaviorally dominant male from above. 

We measured growth bar width and total feather 
length of red-cockaded woodpecker rectrices using the 
techniques of ptilochronology to obtain an index of the 
nutritional status of individual woodpeckers during the 
period of feather growth. We also obtained the body 
mass of each individual. We used the resulting data to 
examine the nutritional status of red-cockaded wood- 
peckers in relation to habitat. 

Ptilochronology is the study of feather growth 
rates by examining growth bars visible under proper 
light conditions. Growth bars are alternating light and 
dark bands oriented approximately perpendicular to the 
rachis (Riddle 1908). An adjacent light and dark pair 
consists of feather material incorporated during a 24-hr 
period of growth (Michener and Michener 1938, Wood 
1950). Nutritional status, especially available energy, 
influences the rate of feather growth (Grubb 1989, 
1991; Jenkins et al. 2001), but see comments on the 
limits of the methodology (Murphy and King 1991, 

Grubb 1992, Murphy 1992). Ptilochronology has been 
used successfully to examine hypotheses relating to the 
effects of supplemental food (Grubb 1989, Waite 1990), 
brood size (White et al. 1991), and habitat quality 
(Carlson 1998, Grubb et al. 1998) in a variety of bird 
species. 

STUDY AREA AND METHODS 

We examined the nutritional status of red-cockaded 
woodpeckers in 2 forest types (longleaf pine versus 
loblolly-shortleaf pine) using width of 6 growth bars, 
rectrix length, and body mass as measures of nutritional 
status. Feathers and body mass were obtained from red- 
cockaded woodpeckers on the Angelina National Forest 
(ANF; 31" 15'N, 94" 15'W) and Davy Crockett 
National Forest (DCNF; 31" 21'N, 95" 07'W) in eastern 
Texas. Longleaf pine is prevalent on much of the 
southern ANF. Loblolly pine, shortleaf pine, or a 
mixture of the 2, dominate the northern ANF and DCNF. 
The outermost pair of the 12 rectrices in woodpeckers is 
rudimentary (Short 1982). Consequently, the fifth 
rectrix from the center on the right side (R-5) was 
collected for analysis. All rectrices were assumed to 
have been formed during the normal period of the 
annual molt. This period for rectrices in red-cockaded 
woodpeckers is from August to November (Jackson 
1983). Feathers were collected from June 1989 to 
November 1990. 

Social status (i.e., breeder, helper, juvenile), 
sex, and body mass were recorded for each woodpecker. 
Each bird was also fitted with a unique color combina- 
tion of leg bands for individual recognition. The adult 
male roosting in the most recently used nest cavity was 
assumed to be the breeding male (Ligon 1970). All other 
adult males were assumed to be helpers. The adult 
female, almost always 1 per group in our sample, was 
assumed to be the breeding female. Behavioral obser- 
vations, particularly during the nesting season, were 
used to support these assignments of social status. 
Juveniles were identified and sex was determined by 
their distinctive juvenile plumages (Jackson 1983). 

Each woodpecker was assigned to 1 of 2 forest 
types determined by the dominant pine species in the 
overstory. Longleaf pine habitats were heavily 
dominated by this pine species, and due to the greater 
frequency and impact of fire in this habitat, were rela- 
tively devoid of well-developed midstory vegetation. 
Loblolly and shortleaf pine habitats were dominated by 
1 or a mixture of these 2 pine species and were 



combined in the analyses. Due to site differences and 
the reduced impact of fire in these habitats, midstory 
vegetation was generally well-developed. 

Measurement of growth bars was done using 
the methods of Grubb (1989). A dial caliper was used 
for all measurements which were made to the nearest 
0.01 mm. Total rectrix length was measured, and the 
point two-thirds of the total length from the proximal 
end determined. The total width of 6 growth bars 
measured consisted of the bar at the two-thirds point 
plus 2 distal and 3 proximal bars adjacent to it. 

Birds were captured either in the morning just 
prior to emergence from their roosting cavity, or in the 
evening just after they roosted, and then weighed. Each 
woodpecker was weighed to the nearest 0.5 g using a 
100 g Pesola scale. We realize there is temporal vari- 
ability in the weight of a given individual over a 24-hour 
period. However, morning and evening weights were 
pooled for each of the 2 pine forest types, and pine 
habitats were compared statistically. 

Only adult birds were used in analyses of 
longleaf pine versus loblolly-shortleaf pine habitats. 
Breeders and helpers were combined into adult males 
and adult females, and the sexes were analyzed sepa- 
rately. We compared nutrition variables (6 growth bars, 
rectrix length, and body mass) between pine habitats 
(longleaf pine and loblolly-shortleaf pine) and among 
molt years (1988, 1989, and 1990) using 2-factor 
analyses of variance. Rectrix length and body mass for 
males and females were rank-transformed prior to 
analyses of variance due to lack of normality or hetero- 
geneous variances. Each analysis of variance was 
followed by a least significant-difference test for the 
detection of differences between molt years. The 

criterion for significance in all statistical tests was P < 
0.05. 

RESULTS 

The width of 6 growth bars and rectrix length of adult 
male red-cockaded woodpeckers were similar between 
longleaf pine and loblolly-shortleaf pine habitats, but 
body mass was significantly greater in the latter (Table 
1). We detected no differences between molt years in 
width of 6 growth bars, rectrix length, or body mass for 
adult males (Table 2). There were no significant inter- 
actions between pine habitat and molt year. 

The width of 6 growth bars, rectrix length, and 
body mass of adult female red-cockaded woodpeckers 
were all significantly greater in loblolly-shortleaf pine 
habitat than in longleaf pine habitat (Table 1). All 3 
measures of nutrition were significantly less for adult 
females in 1988 than in 1989 or 1990 (Table 2). There 
was no significant interaction between pine habitat and 
molt year relative to width of 6 growth bars, rectrix 
length, or body mass. 

DISCUSSION 

Adult male red-cockaded woodpeckers had similar 
growth bar widths and rectrix lengths in longleaf pine 
and loblolly-shortleaf pine habitats. However, body 
mass was significantly greater in loblolly-shortleaf pine 
habitat, indicating that males in longleaf pine habitat 
may be nutritionally less fit. Adult females in longleaf 
pine habitat had narrower growth bars, shorter rectrices, 
and weighed less suggesting a lower nutritional fitness 
than for adult females in loblolly-shortleaf pine habitat. 

Table 1. Means (5 SD) for width of 6 growth bars, rectrix length, and body mass for adult male and 
adult female red-cockaded woodpeckers in longleaf pine and loblolly-shortleaf pine habitats in eastern 
Texas. 

Adult Males 
Nutrition Variable Longleaf Loblolly-shortleaf F" P" 
Width of 6 Growth Bars (mm) 15.3 + 0.8, n = 22 15.3 + 1.3, n = 25 0.15 0.702 
Rectrix Length (mm)b 60.6:2.1,n=22 61.6 2.6, n = 25 3.12 0.085 
Body Mass u b  47.6 2 2.7, n = 22 49.0 2 2.1, n = 25 4.95 0.032 

Ad111t Females - - - - - - - 
Nutrition Variable Longleaf Lobioliy-shortleaf F" P' 
W~dth of 6 Growth Bars cmm) 14.9 2 1.4, n = 15 15.72 1.2, n = 15 7.76 0.010 
Rectrix Length immi b 60.754.1, n =  15 62.7 2 3.7, n = 16 9.30 0.005 
Body Mass csP 45.4 22.1, n =  16 46.8 2 2.3, n = 16 6.47 0.027 
'2-factor analysis of variance. 
b~ectrix length and body mass for males and females were rank-transformed prior to analyses of 
variance due to tack of normality or heterogeneous variances. 



Adult males in each pine habitat, especially the socially 
dominant breeding males, presumably frequent the 
more desirable foraging locations within a tree. Thus, 
any differences between the 2 pine habitats that may 
affect female nutrition may not affect the males as 
severely. This may explain why only body mass was 
different between pine habitats for males whereas all 3 
nutritional indices were different for females, thereby 
lending support to J. Jackson's (personal communica- 
tion) hypothesis that female red-cockaded woodpeckers 
may suffer greater nutritional stress than males due to a 
reduction in foraging niche under certain conditions. 
Body mass data were collected in each pine habitat 
throughout the year. Thus, body mass reflects the 
average nutritional condition of woodpeckers 
throughout the year, whereas growth bar width and 
feather length reflect the average nutritional condition 
only during the period of molt of rectrices (i.e., August- 
November). 

Midstory vegetation was generally well- 
developed in loblolly-shortleaf pine habitat, and 
longleaf pine habitat was relatively devoid of midstory 
vegetation. It is known that male red-cockaded wood- 
peckers forage at greater heights than females (Ligon 
1968; Ramey 1980; Hooper and Lennartz 1981; C. 
Rudolph et al., U.S. Forest Service, unpublished data). 
It is also known that midstory vegetation, especially 
broadleaf species, has a negative effect on red-cockaded 
woodpeckers (Grimes 1977, VanBalen and Doerr 1978, 
Locke et al. 1983, Conner and Rudolph 1989, Loeb et 
al. 1992). Rudolph et al. (2002) obtained midstory 
height and midstory density data at randomly selected 

canopy trees within both pine habitats simultaneous to 
this study and within the same forests from which our 
woodpecker data were obtained. They measured 
midstory density using a five-measure scale ranging 
from none (1) to very dense (5). They reported both 
midstory height (longleaf = 8.3 m, loblolly-shortleaf = 
10.7 m; P = 0.02) and midstory density (longleaf = 2.4, 
loblolly-shortleaf = 3.6; P < 0.0001) to be significantly 
greater in loblolly-shortleaf pine habitat. Rudolph et al. 
(2002) also found that red-cockaded woodpeckers tend 
to avoid taller and denser midstory by increasing their 
foraging height. Therefore, it seems that females in 
loblolly-shortleaf pine habitat, where midstory condi- 
tions are worse, would be forced to forage higher than 
usual and risk confrontation with males (especially the 
breeding male). Females of the more open longleaf pine 
habitat would presumably not be as affected in this way. 

The canopy height of loblolly and shortleaf 
pines was considerably greater than that of longleaf 
pines in our study area (Schaefer 1996, Rudolph et al. 
2002). Greater canopy height may help offset some of 
the negative effects of midstory vegetation on female 
foraging height in loblolly-shortleaf pine habitat since a 
greater proportion of a given pine would extend above 
the midstory level. Rudolph et al. (2002) indicate that 
red-cockaded woodpeckers concentrate foraging activi- 
ties in or adjacent to areas with reduced midstory 
vegetation. If red-cockaded woodpecker groups in 
loblolly-shortleaf pine forest often seek foraging areas 
relatively devoid of midstory vegetation (i.e., seed 
treelsheltenvood stands and the area immediately 
surrounding cavity trees where midstory removal has 

Table 2. Means (5 SD) for width of 6 growth bars, rectrix length, and body mass of adult male and 
adult female red-cockaded woodpeckers during the 1988, 1989, and 1990 molt years in eastern 
Texas. 

Adult Males 
Molt Year a 

Nutrition Variable 1988 1989 1990 
Width of 6 Growth Bars (mm)' 15.1 + 1. lA n = 18 15.6 + 1.2A n = 12 15.3 + 0.9' n = 17 
Rectrix Length (mmlb 60 .652 .7~  n = 1 8  6 0 . 9 2 1 . 7 ~  n = 1 2  6 1 . 8 2 2 . 5 ~  n = 1 7  
~ o d y   ass (glb 4 7 . 6 2 3 . ~ ~  n = 1 8  49.122.4A n = 1 2  4 8 . 6 2 1 . 7 ~  n = 1 7  

Adult Females 
Molt Year a 

Nutrition Variable 1988 1989 1990 
Widthof6GrowthBar~(rnm)~ 14.2+1.3" n = 1 0  16.0+0.9' n = l l  15.6+1.1' n = 9  
Rectrix ~ e n g t h ~ m m ) ~  58.825.1A n = l l  63.621.7' n = l l  63.0+2.2' n = 9  
Body Mass (g) 45.1+2.6A n = l l  47.122.3' n = l l  4 6 . 0 + 1 . 6 ~ ' n = 1 0  
aLongleaf pine and loblolly-shortleaf pine habitats are combined. 
b~ifferent ietters indicate significant differences (alpha = 0.05) between years for each nutrition 
variable as indicated by least significant-difference tests following 2-factor analyses of variance, 



taken place), then it seems females would not be forced PRT-676811 and PRT-678718/70130 issued to D. Craig 
to forage higher as often. This should reduce foraging Rudolph. The U.S. Forest Service's Wildlife Habitat and 
competition and possible conflict with males. Silviculture Laboratory is maintained in cooperation 

Greater growth bar width, rectrix length, and with the Arthur Temple College of Forestry, Stephen F. 
body mass for adult females, and greater body mass for Austin State University. 
adult males indicate that adult red-cockaded wood- 
peckers are nutritionally more fit in loblolly-shortleaf 
pine habitat than in longleaf pine habitat despite the 
generally much worse midstory conditions in the 
former. Schaefer (1996) observed nestling provisioning 
by adult red-cockaded woodpeckers in eastern Texas 
using the same woodpecker groups and within the same 
time period our data were obtained. Prey availability 
was significantly greater, in terms of prey biomass 
delivered to nestlings, in loblolly-shortleaf pine habitat 
despite taller and denser midstory within that habitat 
type. Collins et al. (2002) showed prey availability to be 
greater in pine habitats with less midstory vegetation 
and more herbaceous vegetation. The seemingly contra- 
dictory results among these studies regarding 
relationships between prey availability and midstory 
vegetation are likely due to differences in pine species 
rather than midstory conditions. Schaefer (1996) also 
noted a significantly higher degree of southern pine 
beetle (Dendroctonus frontalis) activity in loblolly- 
shortleaf pine habitat (i.e., number of beetle spots, 
number of infested pines, and number of infested 
hectares) during that time period. It is well known that 
both loblolly and shorteaf pines are much more likely to 
succumb to southern pine beetle attack than longleaf 
pine (Hodges et al. 1979). Red-cockaded woodpeckers 
often concentrate foraging activities on dying pines 
infested with various arthropods (C. Rudolph, U.S. 
Forest Service, unpublished data). The greater number 
of dying trees among loblolly and shortleaf pines in our 
study area probably resulted in an increase in prey avail- 
ability within this forest type. This increase may have 
been substantial enough to more than offset any 
negative effects of more abundant midstory in loblolly- 
shortleaf pine habitat, resulting in an overall better 
nutritional condition for red-cockaded woodpeckers in 
that forest type. 

ACKNOWLEDGMENTS 

We thank D. B. Burt, J. C. Neal, and B. R. Parresol for 
constructive comments on an early draft of the manu- 
script. We also thank N. Koerth for statistical assistance. 
Research on the red-cockaded woodpecker was done 
under U.S. Fish and Wildlife Service federal permits 



LITERATURE CITED 

Carlson, A. 1998. Territory quality and 
feather growth in the white- 
backed woodpecker 
Dendrocopos leucotos. J. Avian 
Bio. 29:205-207. 

Collins, C. S., R. N. Conner, and D. 
Saenz. 2002. Influence of 
hardwood midstory and pine 
species on pine bole arthropods. 
For. Ecol. Manage. 164:2 1 1-220. 

Conner, R. N., and D. C. Rudolph. 
1989. Red-cockaded 
woodpecker colony status and 
trends on the Angelina, Davy 
Crockett, and Sabine National 
Forests. Res. Pap. SO-250. 15pp. 

Crosby, G. T. 197 1. Home range 
characteristics of the red- 
cockaded woodpecker in north- 
central Florida. Pages 60-73 in R. 
L. Thompson, ed. Ecology and 
management of the red-cockaded 
woodpecker. U.S. Bureau of 
Sport Fish. and Wildl. and Tall 
Timbers Res. Sta., Tallahassee, 
F1. 

Davenport, D. E., R. A. Lancia, J. R. 
Walters, and P. D. Doerr. 2000. 
Red-cockaded woodpeckers: a 
relationship between 
reproductive fitness and habitat 
in the North Carolina sandhills. 
Wildl. Soc. Bull. 28:426-434. 

DeLotelle, R. S., J. R. Newman, and A. 
E. Jerauld. 1983. Habitat use by 
red-cockaded woodpeckers in 
central Florida. Pages 59-67 in 
D. A. Wood, ed. Red-cockaded 
woodpecker symposium I1 
proceedings. Fla. Game and 
Fresh Water Fish Commiss., 
Tallahassee, F1. 

Engstrom, R. T., and F. J. Sanders. 
1 997. Red-cockaded 
woodpecker foraging ecology in 
an old-growth longleaf pine 
forest. Wilson Bull. 109:203-2 17. 

Epting, R. T., R. S. DeLotelle, and T. 
Beaty. 1995. Red-cockaded 
woodpecker territory and habitat 
use in Georgia and Florida. Pages 
270-276 in D. L. Kulhavy, R. G. 
Hooper, and R. Costa, eds. Red- 
cockaded woodpecker: recovery. 
ecology and management. Center 
for Applied Studies in Forestry, 
College of Forestry, Stephen 
F.Austin State Univ., 
Nacogdoches, Tx. 

Grimes, T. L. 1977. Relationship of 
red-cockaded woodpecker 
(Picoides borealis) productivity 
to colony area characteristics. 
M.S. Thesis, Clemson Univ., 
Clemson, SC 54pp. 

Grubb, T. C., Jr. 1989. 
Ptilochronology: feather growth 
bars as indicators of nutritional 
status. Auk 106:3 14-320. 

Grubb, T. C., Jr. 199 1. A deficient diet 
narrows growth bars on induced 
feathers. Auk 108:725-727. 

Grubb, T. C., Jr. 1992. 
Ptilochronology: a consideration 
of some empirical results and 
"assumptions". Auk 109:673- 
676. 

Grubb, T. C., Jr., G. E. Woolfenden, and 
J. W. Fitzpatrick. 1998. Factors 
affecting nutritional condition of 
fledgling Florida scrub-jays: a 
ptilochronolgy approach. Condor 
100:753-756. 

Hodges, J. D., W. W. Elarn, W. F. 
Watson, and T. E. Nebeker. 



1979. Oleoresin characteristics 
and suseptibility of four southern 
pines to southern pine beetle 
(Coleoptera: Scolytidae) attacks. 
Can. Entomol. 11 1:889-896. 

Hogstad, 0. 1976. Sexual dimorphism 
and divergence in winter 
foraging behavior of three-toed 
woodpeckers Picoides 
tridactylus. Ibis 118:41-50. 

Hogstad, 0. 1978. Sexual dimorphism 
in relation to winter foraging and 
territorial behavior of the three- 
toed woodpecker Picoides 
tridactylus. Ibis 120: 198-203. 

Hooper, R. G., and M. R. Lennartz. 
198 I. Foraging behavior of the 
red-cockaded woodpecker in 
South Carolina. Auk 98:321-334. 

Hooper, R. G., L. J. Niles, R. F. Harlow, 
and G. W. Wood. 1982. Home 
ranges of red-cockaded 
woodpeckers in coastal South 
Carolina. Auk 99:675-682. 

Jackson, J. A. 1970. A quantitative 
study of the foraging ecology of 
downy woodpeckers. Ecology 
51:318-323. 

Jackson, J. A. 197 1. The evolution, 
taxonomy, distribution, past 
populations, and current status of 
the red-cockaded woodpecker. 
Pages 4-29 in R. L. Thompson, 
ed. Ecology and management of 
the red-cockaded woodpecker. 
U.S. Bureau of Sport Fish. and 
Wildl. And Tall Timbers Res. 
Sta., Tallahassee, F1. 

Jackson, J. A. 1983. Morphological and 
behavioral development of post- 
flegding red-cockaded 
woodpeckers. Pages 30-37 in D. 
A. Wood, ed. Red-cockaded 
woodpecker symposium I1 
proceedings. Fla. Game and 

Fresh Water Fish Commiss., 
Tallahassee, F1. 

Jackson, J. A., and B. J. Schardien- 
Jackson. 1986. Why do red- 
cockaded woodpeckers need old 
trees? Wildl. Soc.Bul1. 14:318- 
322. 

Jenkins, K. D., D. M. Hawley, C. S. 
Farabaugh, and D. A. Cristol. 
2001. Ptilochronology reveals 
differences in condition of 
captive white-throated sparrows. 
Condor 103579-586. 

Kilham, L. 1970. Feeding behavior of 
downy woodpeckers I. 
Preference for paper birches and 
sexual differences. Auk 87544- 
556. 

Lennartz, M.R., R. G. Hooper, and R. F. 
Harlow. 1987. Sociality and 
cooperative breeding of red- 
cockaded woodpeckers (Picoides 
borealis). Behav. Ecol. 
Sociobiol. 20:77-88. 

Ligon, J. D. 1968. Sexual differences in 
foraging behavior in two species 
of Dendrocopos woodpeckers. 
Auk 85:203-2 15. 

Ligon, J. D. 1970. Behavior and 
breeding biology of the red- 
cockaded woodpecker. Auk 
87:255-278. 

Locke, B. A., R. N. Comer, and J. C. 
Kroll. 1983. Factors influencing 
colony site selection by red- 
cockaded woodpeckers. Pages 
46-50 in D. A. Wood, ed. Red- 
cockaded woodpecker 
symposium I1 proceedings. Fla. 
Game and Fresh Water Fish 
Commiss., Tallahassee, F1. 

Loeb, S. C., W. D. Pepper, and A. T. 
Doyle. 1992. Habitat 
characteristics of active and 
abandoned red-cockaded 



woodpecker colonies. South. J. 
Appl. For. 16: 120-125. 

Michener, H., and J. R. Michener. 1938. 
Bars in flight feathers. Condor 40: 149- 
160. 
Murphy, M. E. 1992. Ptilochronology: 

accuracy and reliability of the 
technique. Auk 109:676-680. 

Murphy, M. E., and J. R. King. 1991. 
Ptilochronology: a critical 
evaluation of assumptions and 
utility. Auk 108:695-704. 

Nesbitt, S. A., E. A. Jerauld, and B. A. 
Hams. 1983. Red-cockaded 
woodpecker summer range sizes 
in southwest Florida. Pages 68- 
71 in D. A. Wood. ed. Red- 
cockaded woodpecker 
symposium I1 proceedings. Fla. 
Game and Fresh Water Fish 
Commiss., Tallahassee, F1. 

Patterson, G. A., and W. B. Robertson, 
Jr. 198 1. Distribution and 
habitat of the red-cockaded 
woodpecker in Big Cypress 
National Preserve. U.S. Nat. Park 
Serv., South Fla. Res. Cent., 
Homestead, F1. T-6 13. 137pp. 

Peters, W. D., and T. C. Grubb. 1983. 
An experimental analysis of sex- 
specific foraging in the downy 
woodpecker, Picoides pubescens. 
Ecology 64: 1437- 1443. 

Ramey, P. 1980. Seasonal, sexual, and 
geographical variation in the 
foraging ecology of the red- 
cockaded woodpecker (Picoides 
borealis). M.S. Thesis, 
Mississippi State Univ., 
Starkville. 129pp. 

Riddle, 0. 1908. The genesis of fault 
bars in feathers and the cause of 
alteration of light and dark 
fundamental bars. Biol. Bull. 
14:328-370. 

Rudolph, D. C., R. N. Comer, and R. R. 
Schaefer. 2002. Red-cockaded 
woodpecker foraging behavior in 
relation to midstory vegetation. 
Wilson Bull. 1 14:235-242. 

Schaefer, R. R., Jr. 1996. Red- 
cockaded woodpecker 
reproduction and provisioning of 
nestlings in relation to habitat. 
M.S. Thesis, Stephen F. Austin 
State University, Nacogdoches, 
Tx. 78pp. 

Shewill, D. M., and V. M. Case. 1980. 
Winter home range of 4 clans of 
red-cockaded woodpeckers in the 
Carolina Sandhills. Wilson Bull. 
92:369-375. 

Short, L. L. 1982. Woodpeckers of the 
world. Mono. Ser. 4, Deleware 
Museum of Natural History, 
Greenville, De. 

Van Balen, J. B., and P. D. Doerr. 1978. 
The relationship of understory 
vegetation to red-cockaded 
woodpecker activity. Proc. Annu. 
Conf. Southeast Assoc. Fish and 
Wildl. Agencies 32:82-92. 

Waite, T. A. 1990. Effects of caching 
supplemental food on induced 
feather regeneration in wintering 
gray jays Perisoreus canadensis: 
a ptilochronology study. Ornis 
Scandinavica 2 1 : 122- 128. 

Walters, J. R., P. D. Doerr, and J. H. 
Carter, 111. 1988. The 
cooperative breeding system of 
the red-cockaded woodpecker. 
Ethology 78:725-305. 

Walters, J. R., S. J. Daniels, J. H. Carter, 
111, and P. D. Doerr. 2002. 
Defining quality of red-cockaded 
woodpecker foraging habitat 
based on habitat use and fitness. 
J. Wildl. Manage. 66: 1064-1082. 

White, D. W., E. D. Kennedy, and P. C. 
Stouffer. 1 99 1. Feather 



regrowth in female European 
starlings rearing broods of 
different sizes. Auk 108:889-895. 

Williams, J. B. 1980. Intersexual niche 
partitioning in downy 
woodpeckers. Wilson Bull. 
92:439-45 1. 

Wood, H. B. 1950. Growth bars in 
feathers. Auk 67:486-49 1. 
Zwicker, S. M. and J. R. Walters. 1999. 

Selection of pines for foraging by 
red-cockaded woodpeckers. J. 
Wildl. Manage. 63:843-852. 



 

 
LITERATURE CITED 

 
Carlson, A.  1998.  Territory quality and 

feather growth in the white-
backed woodpecker  
Dendrocopos leucotos. J. Avian 
Bio. 29:205-207. 

Collins, C. S., R. N. Conner, and D. 
Saenz.  2002.  Influence of 
hardwood midstory and pine 
species on pine bole arthropods. 
For. Ecol. Manage. 164:211-220. 

Conner, R. N., and D. C. Rudolph.  
1989.  Red-cockaded 
woodpecker colony status and 
trends on the Angelina, Davy 
Crockett, and Sabine National 
Forests. Res. Pap. SO-250. 15pp. 

Crosby, G. T.  1971.  Home range 
characteristics of the red-
cockaded woodpecker in north-
central Florida. Pages 60-73 in R. 
L. Thompson, ed. Ecology and 
management of the red-cockaded 
woodpecker. U.S. Bureau of 
Sport Fish. and Wildl. and Tall 
Timbers Res. Sta., Tallahassee, 
Fl. 

Davenport, D. E., R. A. Lancia, J. R. 
Walters, and P. D. Doerr.  2000.  
Red-cockaded woodpeckers: a 
relationship between 
reproductive fitness and habitat 
in the North Carolina sandhills. 
Wildl. Soc. Bull. 28:426-434. 

DeLotelle, R. S., J. R. Newman, and A. 
E. Jerauld.  1983.  Habitat use by 
red-cockaded woodpeckers in 
central Florida. Pages 59-67 in 
D. A. Wood, ed. Red-cockaded 
woodpecker symposium II 
proceedings. Fla. Game and 
Fresh Water Fish Commiss., 
Tallahassee, Fl. 

Engstrom, R. T., and F. J. Sanders.  
1997.  Red-cockaded 
woodpecker foraging ecology in 
an old-growth longleaf pine 
forest. Wilson Bull. 109:203-217. 

Epting, R. T., R. S. DeLotelle, and T. 
Beaty.  1995.  Red-cockaded 
woodpecker territory and habitat 
use in Georgia and Florida. Pages 
270-276 in D. L. Kulhavy, R. G. 
Hooper, and R. Costa, eds. Red-
cockaded woodpecker: recovery. 
ecology and management. Center 
for Applied Studies in Forestry, 
College of Forestry, Stephen 
F.Austin State Univ., 
Nacogdoches, Tx. 

Grimes, T. L.  1977.  Relationship of 
red-cockaded woodpecker 
(Picoides borealis) productivity 
to colony area characteristics. 
M.S. Thesis, Clemson Univ., 
Clemson, SC 54pp. 

Grubb, T. C., Jr.  1989.  
Ptilochronology: feather growth 
bars as indicators of nutritional 
status. Auk 106:314-320. 

Grubb, T. C., Jr.  1991.  A deficient diet 
narrows growth bars on induced 
feathers. Auk 108:725-727. 

Grubb, T. C., Jr.  1992.  
Ptilochronology: a consideration 
of some empirical results and 
“assumptions”. Auk 109:673-
676. 

Grubb, T. C., Jr., G. E. Woolfenden, and 
J. W. Fitzpatrick.  1998.  Factors 
affecting nutritional condition of 
fledgling Florida scrub-jays: a 
ptilochronolgy approach. Condor 
100:753-756. 

Hodges, J. D., W. W. Elam, W. F. 
Watson, and T. E. Nebeker.  



 

1979.  Oleoresin characteristics 
and suseptibility of four southern 
pines to southern pine beetle 
(Coleoptera: Scolytidae) attacks. 
Can. Entomol. 111:889-896. 

Hogstad, O.  1976.  Sexual dimorphism 
and divergence in winter 
foraging behavior of three-toed 
woodpeckers Picoides 
tridactylus. Ibis 118:41-50. 

Hogstad, O.  1978.  Sexual dimorphism 
in relation to winter foraging and 
territorial behavior of the three-
toed woodpecker Picoides 
tridactylus. Ibis 120:198-203. 

Hooper, R. G., and M. R. Lennartz.  
1981.  Foraging behavior of the 
red-cockaded woodpecker in 
South Carolina. Auk 98:321-334. 

Hooper, R. G., L. J. Niles, R. F. Harlow, 
and G. W. Wood.  1982.  Home 
ranges of red-cockaded 
woodpeckers in coastal South 
Carolina. Auk 99:675-682. 

Jackson, J. A.  1970.  A quantitative 
study of the foraging ecology of 
downy woodpeckers. Ecology 
51:318-323. 

Jackson, J. A.  1971.  The evolution, 
taxonomy, distribution, past 
populations, and current status of 
the red-cockaded woodpecker. 
Pages 4-29 in R. L. Thompson, 
ed. Ecology and management of 
the red-cockaded woodpecker. 
U.S. Bureau of Sport Fish. and 
Wildl. And Tall Timbers Res. 
Sta., Tallahassee, Fl. 

Jackson, J. A.  1983.  Morphological and 
behavioral development of post-
flegding red-cockaded 
woodpeckers. Pages 30-37 in D. 
A. Wood, ed. Red-cockaded 
woodpecker symposium II 
proceedings. Fla. Game and 

Fresh Water Fish Commiss., 
Tallahassee, Fl. 

Jackson, J. A., and B. J. Schardien-
Jackson.  1986.  Why do red-
cockaded woodpeckers need old 
trees? Wildl. Soc.Bull. 14:318-
322. 

Jenkins, K. D., D. M. Hawley, C. S. 
Farabaugh, and D. A. Cristol.  
2001.  Ptilochronology reveals 
differences in condition of 
captive white-throated sparrows. 
Condor 103:579-586. 

Kilham, L.  1970.  Feeding behavior of 
downy woodpeckers I. 
Preference for paper birches and 
sexual differences. Auk 87:544-
556. 

Lennartz, M.R., R. G. Hooper, and R. F. 
Harlow.  1987.  Sociality and 
cooperative breeding of red-
cockaded woodpeckers (Picoides 
borealis). Behav. Ecol. 
Sociobiol. 20:77-88. 

Ligon, J. D.  1968.  Sexual differences in 
foraging behavior in two species 
of Dendrocopos woodpeckers. 
Auk 85:203-215. 

Ligon, J. 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. Pages 
46-50 in D. A. Wood, ed. Red-
cockaded woodpecker 
symposium II proceedings. Fla. 
Game and Fresh Water Fish 
Commiss., Tallahassee, Fl. 

Loeb, S. C., W. D. Pepper, and A. T. 
Doyle.  1992.  Habitat 
characteristics of active and 
abandoned red-cockaded 



 

woodpecker colonies. South. J. 
Appl. For. 16:120-125. 

Michener, H., and J. R. Michener.  1938.  
Bars in flight feathers. Condor 40:149-
160. 
Murphy, M. E.  1992.  Ptilochronology: 

accuracy and reliability of the 
technique. Auk 109:676-680. 

Murphy, M. E., and J. R. King.  1991.  
Ptilochronology: a critical 
evaluation of assumptions and 
utility. Auk 108:695-704. 

Nesbitt, S. A., E. A. Jerauld, and B. A. 
Harris.  1983.  Red-cockaded 
woodpecker summer range sizes 
in southwest Florida. Pages 68-
71 in D. A. Wood. ed. Red-
cockaded woodpecker 
symposium II proceedings. Fla. 
Game and Fresh Water Fish 
Commiss., Tallahassee, Fl. 

Patterson, G. A., and W. B. Robertson, 
Jr.  1981.  Distribution and 
habitat of the red-cockaded 
woodpecker in Big Cypress 
National Preserve. U.S. Nat. Park 
Serv., South Fla. Res. Cent., 
Homestead, Fl. T-613. 137pp. 

Peters, W. D., and T. C. Grubb.  1983.  
An experimental analysis of sex-
specific foraging in the downy 
woodpecker, Picoides pubescens. 
Ecology 64:1437-1443. 

Ramey, P.  1980.  Seasonal, sexual, and 
geographical variation in the 
foraging ecology of the red-
cockaded woodpecker (Picoides 
borealis). M.S. Thesis, 
Mississippi State Univ., 
Starkville. 129pp. 

Riddle, O.  1908.  The genesis of fault 
bars in feathers and the cause of 
alteration of light and dark 
fundamental bars. Biol. Bull. 
14:328-370. 

Rudolph, D. C., R. N. Conner, and R. R. 
Schaefer.  2002.  Red-cockaded 
woodpecker foraging behavior in 
relation to midstory vegetation. 
Wilson Bull. 114:235-242. 

Schaefer, R. R., Jr.  1996.  Red-
cockaded woodpecker 
reproduction and provisioning of 
nestlings in relation to habitat. 
M.S. Thesis, Stephen F. Austin 
State University, Nacogdoches, 
Tx. 78pp. 

Sherrill, D. M., and V. M. Case.  1980.  
Winter home range of 4 clans of 
red-cockaded woodpeckers in the 
Carolina Sandhills. Wilson Bull. 
92:369-375. 

Short, L. L.  1982.  Woodpeckers of the 
world. Mono. Ser. 4, Deleware 
Museum of Natural History, 
Greenville, De. 

Van Balen, J. B., and P. D. Doerr.  1978.  
The relationship of understory 
vegetation to red-cockaded 
woodpecker activity. Proc. Annu. 
Conf. Southeast Assoc. Fish and 
Wildl. Agencies 32:82-92. 

Waite, T. A.  1990.  Effects of caching 
supplemental food on induced 
feather regeneration in wintering 
gray jays Perisoreus canadensis: 
a ptilochronology study. Ornis 
Scandinavica 21:122-128. 

Walters, J. R., P. D. Doerr, and J. H. 
Carter, III.  1988.  The 
cooperative breeding system of 
the red-cockaded woodpecker. 
Ethology 78:725-305. 

Walters, J. R., S. J. Daniels, J. H. Carter, 
III, and P. D. Doerr.  2002.  
Defining quality of red-cockaded 
woodpecker foraging habitat 
based on habitat use and fitness. 
J. Wildl. Manage. 66:1064-1082. 

White, D. W., E. D. Kennedy, and P. C. 
Stouffer.  1991.  Feather 



 

regrowth in female European 
starlings rearing broods of 
different sizes. Auk 108:889-895. 

Williams, J. B.  1980.  Intersexual niche 
partitioning in downy 
woodpeckers. Wilson Bull. 
92:439-451. 

Wood, H. B.  1950.  Growth bars in 
feathers. Auk 67:486-491. 
Zwicker, S. M. and J. R. Walters.  1999.  

Selection of pines for foraging by 
red-cockaded woodpeckers. J. 
Wildl. Manage. 63:843-852. 




