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Abstract. Lewis’s Woodpecker (Melanerpes lewis) has been characterized as a ‘‘burn
specialist’’ because of its preference for nesting within burned pine forests. No prior study,
however, has demonstrated the relative importance of crown-burned forests to this wood-
pecker species by examining its reproductive success in different forest types. We studied
breeding Lewis’s Woodpeckers in cottonwood (Populus fremontii) riparian forest patches of
Colorado and crown-burned ponderosa pine (Pinus ponderosa) forests of Idaho to compare
their reproductive success, productivity, and potential source-sink status in the two forest
types. Daily nest survival rates were significantly lower in cottonwood compared to burned
pine forests. Nesting success was 46% (n 5 65) in cottonwood forests and 78% (n 5 283)
in burned pine forests. Proportion of nests destroyed by predators was significantly higher
in cottonwood forests (34%) compared to burned pine forests (16%). We consistently found
crown-burned forests to be potential source habitat, whereas cottonwood riparian sites were
more often concluded to be potential sink habitat. Cottonwood riparian forests were sur-
rounded primarily by an agricultural landscape where the composition and abundance of
nest predators was likely very different than the predator assemblage occupying a large-
scale burn in a relatively natural landscape. Conversion of riparian and adjacent grassland
landscapes to agriculture and prevention of wildfire in ponderosa pine forests have likely
reduced nesting habitat for this species. Prescribed understory fire is the prevailing man-
agement tool for restoring ponderosa pine ecosystems. Conditions created by crown fire may
be equally important in maintaining ponderosa pine systems and conserving nesting habitat
for the Lewis’s Woodpecker.

Key words: crown-burned forests, Lewis’s woodpecker, Melanerpes lewis, nest success,
Pinus ponderosa, Populus fremontii, source-sink habitats.

Éxito Reproductivo de Melanerpes lewis en Bosques de Pinos Quemados y
Bosques Ribereños de Populus fremontii

Resumen. Melanerpes lewis ha sido caracterizado como un ‘‘especialista de quemas’’
porque prefiere anidar en áreas de pinos maduros quemados. Sin embargo, ningún estudio
anterior ha demostrado la importancia relativa de los bosques de árboles con copas quemadas
para este carpintero examinando su éxito reproductivo en diferentes tipos de bosques. Es-
tudiamos M. lewis reproductivos en parches de bosques ribereños de Populus fremontii en
Colorado y bosques de Pinus ponderosa con las copas quemadas en Idaho para comparar
su éxito reproductivo, productividad y la condición potencial de fuente-sumidero de los dos
tipos de bosques. Las tasas diarias de supervivencia de los nidos fueron significativamente
más bajas en los bosques de Populus fremontii que en las áreas de pinos maduros quemados.
El éxito de los nidos fue de 46% (n 5 65) en los bosques de Populus fremontii y 78% (n
5 283) en los bosques de pinos quemados. La proporción de nidos destruı́dos por depre-
dadores fue signicativamente más alta en los bosques de Populus fremontii (34%) que los
bosques de pinos quemados (16%). Encontramos consistentemente que las áreas de pinos
con las copas quemadas son potencialmente hábitats fuente mientras que los bosques de
Populus fremontii fueron considerados como sumideros potenciales con mayor frecuencia.
Los bosques de Populus fremontii estaban rodeados principalmente por un paisaje agrı́cola
donde la composición y la abundancia de los depredadores de nidos eran probablemente
muy diferentes de las de un área quemada de gran escala en medio de un paisaje natural.
La conversión de paisajes ribereños y de pastizales a áreas agrı́colas y la prevención de fuegos
naturales en los bosques de P. ponderosa probablemente ha reducido el habitat de anidación
de esta especie. El manejo de fuegos planificados en el sotobosque es la técnica más utilizada
para reestablecer los ecosistemas de P. ponderosa. Las condiciones creadas por el fuego en
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las copas de los árboles podrı́an ser igualmente importante para mantener los sistemas de
P. ponderosa, incluyendo la conservación de los hábitats de anidación de M. lewis.

FIGURE 1. (a) Distribution of ponderosa pine (Little 1971), and (b) range of Lewis’s Woodpecker (Tobalske
1997) in North America. The dark squares represent local breeding sites in Washington and Oregon. The species
winters irregularly south and west to the dashed line.

INTRODUCTION

Populations of Lewis’s Woodpecker (Melaner-
pes lewis), found in open woodlands throughout
western North America, have been declining at
both regional and local scales (Tobalske 1997).
During 1966–1994, Breeding Bird Survey data
for the U.S. indicated a significant negative trend
in relative abundance per year (23.4 6 3.0%
[95% CI]; P , 0.05, n 5 55 routes; Tobalske
1997). Possible explanations for these declines
include losses of suitable habitat, increased mor-
tality due to pesticides, and competition for nest
holes. Unlike most picids, Lewis’s Woodpeckers
are primarily aerial flycatchers during the breed-
ing season. Ponderosa pine (Pinus ponderosa)
forests and riparian woodlands dominated by
cottonwoods (Populus spp.) have been identified
as the most important nesting habitats for Le-
wis’s Woodpecker (Tobalske 1997). Open stands
of ponderosa pine and burned, partially logged
pine forests are particularly valuable nesting
habitat (Tobalske 1997, Saab and Dudley 1998).
In fact, Lewis’s Woodpeckers have been char-
acterized as ‘‘burn specialists’’ because of their
preference for nesting in snags within burned
pine forests (Bock 1970, Raphael and White

1984, Tobalske 1997, Linder and Anderson
1998). This species is thought to favor burned
forests not only because of snag abundance, but
also because of the relatively open canopy that
allows for shrub development and associated ar-
thropod prey (Bock 1970), good visibility and
perch sites for foraging (Linder and Anderson
1998), and space for foraging maneuvers (Saab
and Dudley 1998).

The breeding distribution of the Lewis’s
Woodpecker closely follows the range of pon-
derosa pine (Fig. 1). This species may have
evolved in open ponderosa pine systems, which
were historically maintained by frequent, low-
severity fire (Agee 1993). Practices of fire ex-
clusion, selective timber harvest, and livestock
grazing since Euro-American settlement have
disrupted the natural process of fire in ponderosa
pine systems and subsequently altered the com-
position and structure of these forests (Shinne-
man and Baker 1997). Western riparian habitats
are considered the most degraded ecosystems in
western North America and have suffered losses
due to water management practices, livestock
grazing, and agricultural and urban development
(Ohmart 1994, Noss et al. 1995, Saab et al.
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TABLE 1. Percentages of land classes within and
surrounding (within a 1-km radius) study sites sur-
veyed in burned pine forest of Idaho and cottonwood
forest patches of Colorado. Area surveyed by study
site is reported in parentheses.

Idaho
Foothills
(1271 ha)

Idaho
Star

Gulch
(949 ha)

Colorado
Foothills
(423 ha)

Colorado
Plains

(2123 ha)

Agriculture
Forest
Grassland
Residential
Shrubland
Water/wetland

0
79a

0
0

21
0

0
95a

0
0
5
0

15
85b

0
0
0
0

76
,3b

10
10

0
,2

a Burned ponderosa pine-Douglas-fir (Pseudotsuga
menziesii) forest.

b Unburned ponderosa pine and cottonwood forests.

1995). These ecological changes in ponderosa
pine and cottonwood riparian forests have likely
reduced or degraded conditions for Lewis’s
Woodpecker. Thus, the loss of suitable habitat is
a plausible hypothesis for population declines of
this woodpecker species.

Several studies have documented the presence
or absence of nesting birds in burned forests
(Bock 1970, Raphael and White 1984, Block
and Brennan 1987, Linder and Anderson 1998)
and open riparian woodlands (Bock 1970, Vier-
ling 1997). No study, however, has demonstrated
the relative importance of crown-burned forests
to Lewis’s Woodpeckers by examining their de-
mography in different forest types. Yet this in-
formation is required to identify habitat features
that are necessary for the long-term persistence
of Lewis’s Woodpecker. The purpose of this
study was to compare reproductive success and
productivity of Lewis’s Woodpecker breeding in
cottonwood riparian habitats of Colorado and
crown-burned ponderosa pine forests of Idaho,
and to use demographic parameters to evaluate
the potential source or sink status of the two
habitats.

Our comparison may be problematic because
the two forest types we studied are inherently
different in vegetation composition, structure,
and other microhabitat features. Comparing dif-
ferent fire conditions in ponderosa pine forests
would be the best test for determining if high-
severity, crown fire within this forest type cre-
ates source habitat for Lewis’s Woodpecker. We
located few nests in unburned pine forests and
have not had the opportunity to study these
woodpeckers in surface-burned forests. Here,
our objective is to compare population demo-
graphics between two important nesting habitats
for Lewis’s Woodpecker, cottonwood riparian
forest patches and crown-burned ponderosa pine
forests.

METHODS

STUDY AREAS

The burned habitat was located in ponderosa
pine forests of southwestern Idaho (438359N,
1158429W). We studied nesting woodpeckers in
two burns separated by 0–20 km. Most nests
(90%) were monitored during 1994–1997 within
an 89 159-ha burn created in August 1992 by a
high-severity, stand-replacing wildfire (Idaho
Foothills study site, Table 1). Half of the stand-

ing dead trees (snags) .23 cm diameter breast
height (dbh) at this site were removed (salvage-
logged) during the first year after the fire (Saab
and Dudley 1998). The other 10% of nests were
monitored during 1995–1997 within a 12 467-ha
burn created in August 1994 by a mixed-sever-
ity, patchy wildfire (Star Gulch study site, Table
1). Elevation ranged from 1130 m to 2300 m.
Ninebark (Physocarpus malvaceus) and moun-
tain balm (Ceanothus velutinus) were the most
abundant understory shrubs. Trees and snags
were often patchily distributed within the burned
landscapes and interspersed with large openings
of shrubs. Most standing trees were snags, due
to the severity of the fires. Nest trees (n 5 256)
averaged 46.7 6 1.2 cm (SE) dbh, whereas the
mean diameter of non-nest random trees (n 5
256) was 21.0 6 0.8 cm.

We studied nesting woodpeckers at two un-
burned cottonwood riparian sites in central Col-
orado during 1992 and 1993. One site consisted
of cottonwood riparian patches on the plains of
the Arkansas River Valley (388059N, 1038459W,
elevation 1285 m) in an area of 2123 ha that
was intensively farmed or grazed by livestock
(Colorado Plains study site, Table 1). Nest trees
occurred on the edges of the riparian zone in
small cottonwood forest patches consisting pri-
marily of broadleaf cottonwoods (Populus fre-
montii). Diameters (dbh) of nest trees (n 5 47)
in both study sites averaged 112.6 6 0.9 cm
(SE), while the mean of non-nest random trees
(n 5 47) was 63.6 6 1.1 cm (SE) (Vierling
1997). Shrubs were absent near the cottonwood
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groves, primarily due to the agricultural nature
of the landscape. The second study site was near
the foothills of the Wet Mountains (388059N,
1048589W, elevation 1939 m) with moderate
livestock grazing (Colorado Foothills study site,
Table 1). The shrub layer was virtually nonex-
istent, presumably because of livestock grazing
pressures. Nest trees were primarily broadleaf
cottonwoods (Vierling 1997). Additionally, we
conducted extensive nest searches in unburned
ponderosa pine forests over an area of 6000 ha
to the west of the foothills study area during
1992 and 1993. Only one pair of Lewis’s Wood-
peckers was found nesting in the pines, so we
were unable to include any data from the un-
burned pine forests. Thus, our nesting data com-
parisons are in cottonwood forests of Colorado
and high-intensity, burned ponderosa pine for-
ests of Idaho.

Landscape composition, including a 1-km ra-
dius surrounding each of the study sites, was
markedly different in the two study areas (Table
1). Land and vegetation classes were derived
from Landsat Thematic Mapper images. Agri-
culture dominated the Colorado Plains land-
scape, while ponderosa pine forest and some ag-
riculture surrounded the Colorado Foothills
study site. The Idaho landscapes were composed
entirely of coniferous forest and shrubland.

NEST AND VEGETATION MONITORING

In Idaho, we conducted a complete census of
occupied nests using belt transects (0.4 3 1.0
km) during mid-May through June in an area
that averaged 2220 ha each year from 1994–
1997. In Colorado, we conducted a complete
census of 2546 ha in plains/cottonwood habitat
during 1992 and 1993.

We monitored nests every 3–4 days until
fledging or failure. All nests were monitored by
viewing woodpeckers and their behavior at the
cavity entrance. We classified nest failures as
depredated (based on adult behavior, loss of nes-
tlings, or predator signs on nest trees), weather
related, or unknown. A nest was considered suc-
cessful if parents were observed feeding young
near the time of fledging (80% of average fledg-
ing age, or 24 days old) or if fledged young were
observed near the nest. Productivity data (num-
ber of fledglings per nest) were recorded near or
shortly after the time of fledging. Although some
young woodpeckers were observed close to the
nest cavity for 2–3 days after fledging, we likely

underestimated productivity for both populations
because the time interval between our nest visits
was 3–4 days.

Shrub densities were estimated in the Idaho
study area, because we assumed that shrubs pro-
vided substrate for arthropod prey of Lewis’s
Woodpeckers (Bock 1970, Linder and Anderson
1998). In Idaho, densities were estimated at 90
random stations located at least 250 m apart.
Each random station encompassed four, 5-m-ra-
dius circular plots for a total of 360 circular
plots. Shrub stem (.2–8 cm diameter) densities
were recorded in each circular plot and averaged
for each of 90 random stations. In Colorado,
shrubs were rare and stem densities were esti-
mated visually.

DATA ANALYSIS AND SOURCE-SINK
EVALUATION

Nest success was calculated using Johnson’s
(1979) method (modified from Mayfield 1961,
1975) to correct for biases attributable to un-
equal periods of nest observation and to include
the standard error of the success estimator (Table
2). We assumed that nesting success and nest
failure were constant throughout the breeding
season. Differences in nesting survival rates
among years and between study areas were ex-
amined using program CONTRAST (Hines and
Sauer 1989), which uses a chi-square statistic to
test for homogeneity of survival rates by creat-
ing a linear contrast of rate estimates (Sauer and
Williams 1989). A chi-square analysis of a con-
tingency table (Zar 1984) was used to test for
differences in proportion of nests destroyed by
predators between the two study areas. We as-
sumed no weather-related differences in years
because of the large spatial separation in the
study areas. Differences in daily nest survival
and predation rates were considered significant
at P , 0.05. Means are presented 6 SE.

Estimation of source and sink status requires
both reproductive information and mortality data
from juveniles and adults. In a closed breeding
population, population size will not change
whenever adult mortality is balanced by juvenile
recruitment. This relationship was expressed as
an equation by Donovan et al. (1995):

1 2 adult survivorship

5 (mean number female fledglings per
female per year)

3 (juvenile survivorship).
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TABLE 2. Nesting success 6 2 SE, mean daily nest survival 6 SE, and mean number of young per successful
nest 6 SE of Lewis’s Woodpecker in burned ponderosa pine forests of Idaho and cottonwood riparian habitats
of Colorado. Number of nests per study site is reported in parentheses.

Variable

Burned ponderosa pine—Idaho

Foothills (256) Star Gulch (27) Total (283)

Cottonwood riparian—Colorado

Foothills (19) Plains (46) Total (65)

Overall nesting
success

Daily survival
rate

Young per
successful
nest

0.77 6 0.06

0.995 6 0.001

1.73 6 0.05

0.84 6 0.15

0.997 6 0.002

2.16 6 0.17

0.78 6 0.06

0.995 6 0.001

1.78 6 0.05

0.25 6 0.13

0.973 6 0.007

2.0 6 0

0.56 6 0.14

0.987 6 0.003

1.6 6 0.15

0.46 6 0.11

0.985 6 0.003

1.7 6 0.14

If recruitment rates of young (mean number of
female fledglings per female per year 3 juvenile
survivorship) into a closed breeding population
do not compensate for the rate of adult mortality
(1 2 adult survivorship), then the population is
likely a sink. Alternatively, if recruitment rates
of young exceed the adult mortality rate, then
the population is potentially a source (Pulliam
1988). A rearrangement of the above equation
can be used to evaluate source and sink habitats
and to determine if a population will replace it-
self (Donovan et al. 1995):

(1 2 adult survivorship)
juvenile survivorship

5 mean number female fledglings per
female per year.

We considered the population to be a potential
sink if the annual productivity (number female
offspring per female adult) was less than adult
mortality (1 2 adult survival) divided by juve-
nile survival. Conversely, if productivity was
greater than adult mortality (1 2 adult survival)
divided by juvenile survival, we considered the
population a likely source.

In order to calculate the mean number of fe-
male offspring produced per female per year, we
considered data on (1) the mean number of fe-
male offspring produced (total number of fledg-
lings 3 0.5) per successful nest, (2) habitat-spe-
cific reproductive success, and (3) the number
of nests successful in fledging at least one young
(Donovan et al. 1995). Number of renests was
not incorporated. Lewis’s Woodpeckers raise
only one brood per year (Tobalske 1997), and
we assumed that females did not renest after
failed first attempts.

Renests were never observed at Colorado

sites, and ,6% of all Idaho nests could have
been renests. Most nests failed late in the breed-
ing season during the nestling stage and their
nesting cycle is relatively long (average of 52
days for 283 nests in Idaho). Only 15 of 283
nests failed with sufficient time to renest, i.e.,
with at least 52 days remaining in the nesting
season (based on their average departure date
from the Idaho study area). Renesting in Mela-
nerpes occurs in those species with more south-
erly breeding ranges, where a longer nesting sea-
son (Koenig et al. 1995, Husak and Maxwell
1998, Smith et al. 2000) allows more time for
renesting than that available for Lewis’s Wood-
peckers.

We calculated the proportion of nests that
were successful, quantified the mean number of
female young produced per adult female per
successful nest, and used these values to calcu-
late the total number of female young produced
by all adult females throughout the breeding sea-
son (Donovan et al. 1995). For example, using
reproductive success and productivity estimates
from the Idaho data, where nesting success was
77%, 77 of 100 nests would succeed in fledging
at least one young and 23 females would pro-
duce no young. The successful nests produced
an average of 1.78 young per nest or, assuming
a 50:50 sex ratio, 0.89 female fledglings per suc-
cessful nest. Assuming one brood and no renests
in this example, 68.88 female fledglings would
be produced per 100 adult females (or 0.69 fe-
male fledglings per female per year). To calcu-
late standard errors and 95% confidence inter-
vals for the mean number of female fledglings
per female per year, we used the method of mo-
ments estimator for the variance of a product
(Mood and Graybill 1974).
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TABLE 3. Number of Lewis’s Woodpecker female
fledglings per female per year necessary to offset adult
mortality given a specific juvenile survival rate, based
on a range of survival and mortality estimates of other
melanerpine species.

Juvenile
survival

Adult survival

Lowest
(0.59)1

Med 1
(0.62)2

Med 2
(0.68)3

Highest
(0.75)4

Lowest (0.35)5

Mean (0.46)6

Highest (0.57)7

1.17
0.89
0.72

1.08
0.83
0.67

0.91
0.70
0.56

0.71
0.54
0.44

1 Acorn Woodpecker (Stacey and Taper 1992).
2 Red-headed Woodpecker (Martin 1995).
3 Red-bellied Woodpecker (Karr et al. 1990, Martin

1995).
4 Acorn Woodpecker (Koenig and Mumme 1987).
5 Acorn Woodpecker (Stacey and Taper 1992).
6 Average of lowest and highest juvenile survival val-

ues.
7 Acorn Woodpecker (Koenig and Mumme 1987).

We had no data on adult or juvenile survival
rates of Lewis’s Woodpeckers in either study
area, so we used a range of survival estimates
from the literature to perform a simple modeling
exercise for evaluating the potential source or
sink status of the two habitats. Estimates of an-
nual adult survival reported for Melanerpes in-
clude 62% for Red-headed Woodpecker (M.
erythrocephalus; Martin 1995), 59% (Stacey and
Taper 1992) to 75% (Koenig and Mumme 1987)
for Acorn Woodpecker (M. formicivorus), and
68% for Red-bellied Woodpecker (M. carolinus;
Karr et al. 1990, Martin 1995). We assumed for
both study areas that adult survival rates for Le-
wis’s Woodpecker were within this range of val-
ues (0.59–0.75). We used the four values (min-
imum: 0.59; medium 1: 0.62; medium 2: 0.68;
and maximum: 0.75) of these adult survival
rates to evaluate the potential sink or source sta-
tus in the two habitats studied (Table 3).

The only published juvenile survivorship data
that we could find for a melanerpine species
were for Acorn Woodpecker. We recognize that
life history differences between Acorn and Le-
wis’s woodpeckers could be problematic for this
analysis. Acorn Woodpecker is a cooperatively
breeding, permanently resident, k-selected spe-
cies, whereas Lewis’s Woodpecker is an oppor-
tunistic, r-selected species and likely to have
lower juvenile survivorship than Acorn Wood-
peckers. Estimates of juvenile survivorship for
Acorn Woodpecker range from 35% (Stacey and

Taper 1992) to 57% (Koenig and Mumme
1987), with an average of 46%. We used the
minimum, maximum, and average of these ju-
venile survival rates to evaluate the potential
sink or source status of the two populations stud-
ied (Table 3).

The range of productivity values necessary to
offset adult mortality was computed (Table 3),
and possible sources, under a conservative, best-
case scenario (using the highest juvenile and
adult survival rates), were defined as those sites
where at least 0.44 female fledglings per female
per year were produced. Conversely, sites that
produced fewer than 0.44 female fledglings per
female per year were considered potential sinks.

RESULTS

NESTS AND VEGETATION

We monitored 283 nests from 1994–1997 in Ida-
ho, and 65 nests in Colorado during 1992–1993
(Table 2). Point estimates of nesting densities
were four times greater in burned pine forests
compared to cottonwood habitats (0.4 vs. 0.1
nests per 10 ha in Idaho and Colorado, respec-
tively), although measures of precision could not
be calculated. Shrub stem densities (stem sizes
2–8 cm) were nearly seven times higher in the
two-year-old burned forests of Idaho compared
to cottonwood riparian patches of Colorado
(.30 000 vs. ,4000 stems per hectare).

Daily nest survival rates were not statistically
different among years in burned forests or be-
tween years in cottonwood forest patches (x2

test, P . 0.2 in all cases). We therefore pooled
data across years (Table 2). We assumed nesting
success in Colorado populations remained sim-
ilar in the years that Idaho data were collected.
Daily nest survival rates were not equal between
cottonwood sites in Colorado ( 5 4.0, P 52x 1

0.05; Table 2), whereas nest survival rates did
not differ statistically between burned pine sites
in Idaho ( 5 0.8, P 5 0.37; Table 2). There-2x 1

fore, we pooled data for the two study sites in
burned forests for separate comparisons of nest
success with each of the cottonwood study sites
(Table 2).

Overall, nest success in the burned forests was
78%, whereas nest success in cottonwood forest
patches averaged 46%. Daily nest survival rates
differed between burned forests of Idaho and the
two cottonwood study sites in Colorado ( 52x 2

14.1, P 5 0.001; Table 2). Proportion of nests
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TABLE 4. Mean number of Lewis’s Woodpecker female fledglings per female per year (95% CI) produced in
burned ponderosa pine forest of Idaho and cottonwood riparian habitats of Colorado. Based on best-case sur-
vivorship estimates from the literature, productivity values above 0.44 female fledglings per female per year are
potential sources (boldface).

Year

Burned ponderosa pine—Idaho

Foothills Star Gulch

Cottonwood riparian—Colorado

Foothills Plains

1992
1993
1994
1995

—
—
0.90 (0.65–1.15)
0.63 (0.49–0.77)

—
—
—
—

0.14 (–0.89–1.16)
0.31 (–0.42–1.04)
—
—

0.37 (–0.10–0.84)
0.47 (0.11–0.82)
—
—

1996
1997
All years by site

0.63 (0.44–0.82)
0.61 (0.34–0.88)
0.67 (0.57–0.77)

0.92 (0.62–1.22)
0.91 (0.51–1.30)
0.91 (0.60–1.22)

—
—
0.25 (–0.35–0.84)

—
—
0.45 (0.16–0.73)

All years by habitat 0.69 (0.59–0.78) 0.38 (0.11–0.64)

destroyed by predators was significantly lower
in burned pine forests (44 of 283, 16%) com-
pared to cottonwood riparian patches (22 of 65,
34%; 5 11.5, P 5 0.001).2x 1

Predation was the major cause of nest failure
in both study areas. Most (44 of 49, 90%) nest
failures in burned forests of Idaho were attri-
buted to predation. Other failures (5 of 49, 10%)
were weather related or due to unknown causes.
In Colorado cottonwood forests, nest failures
were attributed to predation (22 of 28, 79%),
inclement weather (5 of 28, 18%), and one nest
usurpation by European Starling (Sturnus vul-
garis; Vierling 1998).

Potential nest predators differed in the two
study areas. Predators observed in or near nest
cavities in burned forests of Idaho included
black bears (Ursus americanus), weasels (Mus-
tela spp.) and chipmunks (Tamias spp.). In cot-
tonwood riparian forest patches, common nest
predators viewed in the study sites were bull-
snake (Pituophis melanoleucus sayi), common
raccoon (Procyon lotor), fox squirrel (Sciurus
niger), red squirrel (Tamiasciurus hudsonicus),
Abert’s squirrel (Sciurus aberti), and Black-
billed Magpie (Pica hudsonia).

SOURCE-SINK ANALYSIS

Burned forests in Idaho supported the highest
levels of reproductive success and productivity
(Table 2), and consistently appeared as potential
source habitats compared to riparian sites of
Colorado (Table 4). The 95% CI around the
pooled data for riparian sites ranged from 0.11–
0.64, whereas the confidence interval around the
pooled data for burned forests ranged from
0.59–0.78. Therefore, the upper end of the con-

fidence interval for the pooled riparian data set
overlapped minimally with the lower end of the
confidence interval for the pooled burned forest
data. This suggests that the burned forests were
more likely to function as population sources
than were riparian forest patches.

DISCUSSION

Open ponderosa pine forests and cottonwood ri-
parian woodlands have been recognized as the
principal nesting habitats of Lewis’s Woodpeck-
er (Tobalske 1997). Yet we observed significant
differences in woodpecker demographics in
these two habitats. Lewis’s Woodpecker experi-
enced higher levels of reproductive success and
productivity in crown-burned ponderosa pine
forests compared to cottonwood riparian forest
patches.

Both of these habitats have been dramatically
reduced and altered since the turn of the twen-
tieth century. Some western states have lost
more than 90% of their historic riparian and
ponderosa pine habitats (Ohmart 1994, Noss et
al. 1995). Causes of these declines in deciduous
riparian habitats are due primarily to dams, wa-
ter management practices, livestock grazing, and
agricultural development (Rood and Heinze-
Milne 1989, Ohmart 1994, Noss et al. 1995,
Saab et al. 1995). Ponderosa pine forests have
been extensively altered by timber harvest, do-
mestic livestock grazing, and change in historic
fire regime from frequent understory burns to
rare stand-replacing fires (Agee 1993, Arno
1996, Shinneman and Baker 1997, Veblen et al.
2000). Our data are likely representative of the
current conditions for Lewis’s Woodpecker in
these two types of habitats.
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Nest success was primarily influenced by pre-
dation, which differed between burned pine and
cottonwood forests. The differences could have
been caused by several factors, including land-
scape context, colonization by predators, and
forest structure. Cottonwood forests were sur-
rounded by an agricultural landscape with resi-
dential development in the Colorado Plains
study site, and by unburned pine forest with ag-
riculture in the Colorado Foothills site. Burned
forests of Idaho were situated in a relatively nat-
ural forested landscape. Human-commensal
predators (e.g., raccoons, magpies, and fox
squirrels) and the apparency of the riparian zone
in an agricultural matrix likely attracted preda-
tors to cottonwood forests (Hoffman and Gotts-
chang 1977, Laubhan and Fredrickson 1997,
Saab 1999). While we did not quantify distri-
bution and abundance of nest predators, we did
note that commonly detected predators (rac-
coons, tree squirrels, and snakes) in riparian for-
ests were rarely, if ever, observed in burned pine
forests. Possible nest predators that are common
in western Idaho include gopher snakes (Pituop-
his melanoleucus; Nussbaum et al. 1983), and
tree squirrels (Tamiasciurus hudsonicus and
Glaucomys sabrinus; Zeveloff 1988). No gopher
snakes and less than 20 tree squirrels were ob-
served at our burned study sites, although these
potential nest predators were regularly seen in
adjacent, unburned pine forests.

Influences of fire on predator colonization
likely have profound effects on the source-sink
status of burned habitats. Recolonization of
snakes and tree squirrels into habitats affected
by large-scale disturbances (including wildfire)
may take several years (Gashwiler 1970, Lilly-
white 1977, MacMahon et al. 1989); thus lower
rates of nest predation would be expected in re-
cently burned forests compared with unburned
cottonwood and coniferous forests.

Nest success and landscape context differed
between the cottonwood study sites in Colorado.
Nest success was lower in the predominantly
forested landscape than in the fragmented, ag-
ricultural landscape. While this finding is con-
sistent with that reported for cottonwood forests
in western Montana (Tewksbury et al. 1998), it
contrasts with studies from the midwestern Unit-
ed States that suggest predation rates increase
with increasing amounts of agriculture (Dono-
van et al. 1995, Robinson et al. 1995). In cot-
tonwood forests of western Montana, the most

abundant nest predator was the red squirrel; their
densities were highest in forested landscapes and
declined with increasingly fragmented, agricul-
tural landscapes (Tewksbury et al. 1998). A sim-
ilar process may have operated within our Col-
orado study area.

Differences in vegetation structure and com-
position between the two forest types also can-
not be discounted as important influences on
predator assemblages, arthropod prey, and sub-
sequently, nesting success. While nesting sub-
strate in cottonwood forests of Colorado did not
appear to be limiting (Vierling 1997), understory
shrub cover was virtually nonexistent. This like-
ly decreased food availability by reducing sub-
strate for arthropod prey compared to burned
forests in Idaho.

Postfire habitats and subsequent insect out-
breaks are known to attract cavity-nesting birds
(Blackford 1955, Koplin 1969, Lowe et al. 1978,
Raphael et al. 1987, Kotliar et al., in press), es-
pecially in the first few years following tree
death. Vegetation regrowth after wildfire gener-
ally results in rapid increases in arthropod pop-
ulations (Horst 1970, Best 1979, Many 1984),
attracting aerial and ground insectivores (Lowe
et al. 1978, Apfelbaum and Haney 1981). These
postfire characteristics and an open canopy are
apparently highly suitable nesting and foraging
habitat for Lewis’s Woodpecker (Bock 1970,
Galen 1989, Tobalske 1997, Linder and Ander-
son 1998). In our study, conditions created by
stand-replacing wildfire in ponderosa pine for-
ests more often appeared to be potential source
than sink habitat, whereas cottonwood forests in
an agricultural and unburned pine landscape
were more frequently concluded to be sink hab-
itat. It is unknown whether riparian forests in
another context could be source habitat, e.g.,
cottonwood forests surrounded by a matrix of
native vegetation in the absence of agriculture.
In addition, we do not know if stand-replacing
conditions could be more productive habitat rel-
ative to unburned ponderosa pine forests with
decades of fire exclusion. Nesting Lewis’s
Woodpeckers, however, appear to be relatively
rare in unburned pine habitat of Idaho (VAS,
unpubl. data) and Colorado (Vierling 1998).

The availability of suitable nesting habitat in
ponderosa pine forests of Colorado has appar-
ently declined for Lewis’s woodpecker (Vierling
1998). Despite extensive nest searches along the
Colorado Front Range, no nests were found in
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unburned ponderosa pine forests. Historically,
Lewis’s woodpeckers were common in ponde-
rosa pine forests (Warren 1910, Betts 1913), but
the only ponderosa pine tree used in the Colo-
rado study area was located within a riparian
zone. Ponderosa pine forests of the Colorado
Front Range have been altered by fire exclusion
practices and logging (Veblen and Lorenz 1991,
Veblen et al. 2000). Pine forests have higher tree
densities of smaller diameters compared to his-
torical conditions (Veblen and Lorenz 1991),
which has evidently reduced breeding habitat for
Lewis’s Woodpecker (Vierling 1997). In addi-
tion, alterations in the forest structure have elim-
inated many natural openings and large, decayed
trees that are typical of foraging and nesting
habitat, respectively (Vierling 1997).

Large-scale burned forests may play a critical
role in providing ephemeral source habitats for
Lewis’s Woodpecker. Lewis’s Woodpecker pop-
ulations may be sustained by a patchwork of
burned forests, much like that suggested for
Black-backed Woodpeckers (Hutto 1995). Al-
though ponderosa pine forests of the western
United States were typically maintained by fre-
quent low-severity surface fires (equilibrium dy-
namics), recent evidence indicates that large,
stand-replacing crown fires (nonequilibrim dy-
namics) occurred historically on an infrequent
but regular basis (Shinneman and Baker 1997,
Brown et al. 1999, Veblen et al. 2000). The non-
equilibrium perspective suggests that temporal
and spatial variation in the natural disturbance
regime may create a changing mosaic of patch
types, which influences the distribution of spe-
cies (Sprugel 1991). Historically, a patchwork of
both low-intensity ground fires and stand-replac-
ing wildfires throughout the range of ponderosa
pine (Shinneman and Baker 1997, Veblen et al.
2000), and concomitantly the range of the Le-
wis’s Woodpecker (Fig. 1), may have created a
network of source habitats for this woodpecker.
Prescribed understory fire is the prevailing man-
agement tool for restoring ponderosa pine eco-
systems (e.g., Agee 1998, Swetnam et al. 1999).
Conditions created by stand-replacing crown fire
may be equally important in maintaining pon-
derosa pine systems (Shinneman and Baker
1997) and conserving nesting habitat for the Le-
wis’s Woodpecker.
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