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I studied abundance patterns and habitat use of eight cavity-

nesting bird species in the Coast Ranges of Western Oregon during the

spring and summer of 1985 and 1986. Three age classes of unmanaged

Douglas-fir (Pseudotsuga menziesii) stands were selected for study:

young (40-80 yrs), mature (80-200 yrs), and old-growth (>200 yrs).

In general, densities of all cavity-nesting birds were higher in

mature and old-growth forests than in young forests; five species in

1985 and 6 species in 1986 were significantly more abundant in old-

growth forests compared with young forests. No species had an

exclusive association with old-growth forests, however, densities of

pileated woodpeckers (Dryocopus pileatus) and chestnut-backed

chickadees (Parus rufescens) were consistently (both years) higher in

forests >80 years in age. Brown creepers (Certhia americana) and

chestnut-backed chickadees were the most abundant species in all

stand types.

Abundance of most cavity-nesters was correlated consistently with

stand age and several vegetative characteristics. Densities of

pileated woodpeckers and red-breasted sapsuckers (Sphyrapicus ruber)



increased with abundance of large conifers, while the former species

and chestnut-backed chickadees were correlated positively with

densities of large snags. These habitat features were more common in

older-aged (>80 yrs) forests. In contrast, most cavity-nesting birds

were associated negatively with densities of small snags and trees,

which are most common in young forests. Geographic variables also

influenced bird abundance patterns. Densities of northern pygmy owls

(Glaucidium gnoma) were associated with numbers of big leaf maple

(Acer macrophyllum) trees, which were generally more abundant in the

northern Coast Range. Abundance of red-breasted nuthatches (Sitta

canadensis) increased with distance from the coast. Other

correlations with vegetative and geographic characteristics were

inconsistent between years and bird species. In addition, regression

analyses accounted for low amounts of variation in species abundance.

I found 277 active nests of 9 cavity-nesting bird species, and

nests were relatively evenly distributed among stand types. No

differences were found among species in their nest-tree

characteristics. In general, all species preferred to nest in

Douglas-fir snags >50 cm in diameter and >21 m in height. Mean

nest-tree diameter ranged from 54 cm for northern pygmy owls to

113 cm for red-breasted sapsuckers; the mean dbh for all species

combined was 94 cm. Large, tall snags were used significantly (P <

0.01) more than available in all stand types. Cavity-nesting birds

also selected harder snags with more bark and branches compared with

available snags. Nest-site characteristics were found to be similar

among species. In all stand types, cavity-nesting birds nested in



areas with high densities of medium (20-49 cm dbh) and large (>50 cm

dbh) snags, dense midstory and understory cover, and a few

supercanopy trees.

I recommended managing for mean tree (snags and live tree

replacements) sizes >94 cm in diameter (dbh) and >31 m tall.

Relatively hard (decay class 2) Douglas-fir and grand fir snags with

>78% bark and >1 limb should be retained. Creation or retention of

snags in clear-cuts will not provide nesting habitat for forest

interior species. Management for snags and live tree replacements

in all ages of managed forests, and in snag habitat islands and

modified shelterwoods, was recommended.
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PREFACE

This thesis is written in two parts to facilitate publication of

manuscripts. Part I compares abundance patterns of cavity-nesting

birds among three stand types and explores population associations

with vegetative and geographic characteristics. Part II examines the

nest-tree and nest-site characteristics and preferences of 9 cavity-

nesting bird species. For consistency, each part is presented in a

similar format. Literature Cited and Appendices for both parts are

found at the end of the second paper.



HABITAT USE AND DENSITIES OF CAVITY-NESTING BIRDS

IN THE OREGON COAST RANGES

PART 1

CAVITY-NESTING BIRD POPULATIONS IN THE OREGON COAST RANGES

INTRODUCTION

Abundance patterns of cavity-nesting birds are influenced by

environmental factors, variations in forest type, forest seral stage,

and stand vegetative characteristics that affect food supplies and

nest-site availability (Hagar 1960, Anderson 1980, Mannan et al.

1980, Marcot 1983, Morrison and Meslow 1983, Mannan and Meslow 1984,

Raphael and White 1984, Madsen 1985, Marcot 1985, Zarnowitz and

Manuwal 1985, Hejl et al. 1988, Lundquist 1988). The two most

important structural features associated with the abundance of

cavity-nesting birds in previous studies are the densities and size

of standing dead trees (snags) (Mannan et al. 1980, Balda et al.

1983, Raphael and White 1984, Madsen 1985, Zarnowitz and Manuwal

1985). Snags are important for the successful nesting, feeding, or

roosting of 39 cavity-nesting birds in western Oregon (Neitro et al.

1985); shortages of suitable snags may limit the abundance of these

species (Haapanen 1965, Jackman 1974, Balda 1975, Conner et al. 1975,

Bull and Meslow 1977, McClelland 1977, Scott 1979, Raphael and White

1984). Intensive timber management in the Pacific Northwest,
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including the harvesting of old-growth forests and increasing

emphasis on thinning, plantation spacing and short rotations, is

resulting in the elimination of large snags and trees that are

preferred most by cavity-nesting birds.

Population characteristics and habitat use of cavity-nesting

birds have been described in a variety of forest types in the

Pacific Northwest, including pine-fir forests of the eastern Sierra

Nevada mountains (Raphael and White 1984); mixed-conifer forests of

the northern Washington Cascades (Madsen 1985); and Douglas-fir

(Pseudotsuga menziesii)-western hemlock (Tsu a heterophylla) forests

of the Olympic Peninsula (Zarnowitz and Manuwal1985), southern

Washington Cascades (Lundquist 1988), and central Oregon Coast Range

(Mannan et al. 1980). While Mannan et al. (1980) explored

associations between abundance of cavity-nesting birds and snag

densities, no study has used a community level approach to describe

proximate cavity-nesting bird-habitat relationships in the Oregon

Coast Ranges. In addition, this study incorporated a broader

geographic area; study sites ranged from the mixed-conifer forests of

the southern Coast Range to the Douglas-fir dominated forests of the

central Coast Range and from the Willamette valley margin to the

coast.

This project was designed to provide information on pattern of

abundance, species richness, and habitat associations of cavity-

nesting birds in the Oregon Coast Ranges. The specific objectives of

the study were: 1) To compare densities of cavity-nesting birds among

three Douglas-fir stand types, and 2) To determine the relationships



between densities of cavity-nesting birds, and habitat and geographic

variables.

3
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STUDY AREA

Study sites were located in the Oregon Coast Ranges between the

Yaquina River, Benton and Lincoln Counties, and the middle fork of

the Coquille River, Coos Co. on land managed by the Bureau of Land

Management (Coos Bay, Eugene, Roseburg and Salem Districts), Siuslaw

National Forest (Alsea and Waldport Districts), various corporations,

and the City of Corvallis (Figure 1). Elevation of study sites

ranges from 50 to 1100 m. The climate of this region consists of

cool, wet winters and warm, dry summers. Mean temperatures range

from 00 C in winter to 24° C in summer (Franklin and Dyrness 1973).

Annual precipitation varies from 150 to 300 cm, falling primarily in

the form of rain during the winter months (Franklin and Dyrness

1973).

The Coast Ranges are characterized by rugged, mountainous

terrain, with steep slopes and deeply cut river and creek drainages.

The landscape is dominated by Douglas-fir, an early seral species;

western hemlock, the late successional dominant, is less common

(Franklin and Dyrness 1973). The Coast Ranges have been intensively

managed for timber under even-aged regimes since the early 1900's.

Today's forest consists of a mosaic of young (<80 yrs) and mature

(80-200 yrs) Douglas-fir stands. Wildfire and timber management have

reduced old-growth forests (>200 yrs) to relatively small, isolated

patches averaging 28 ha in size (Harris 1984:32).
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Figure 1. Location of study plots in young, mature and old-
growth forests in the Coast Ranges of Western Oregon.
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Figure 1
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METHODS

Study Sites

Forty-seven unmanaged stands dominated by Douglas-fir were

selected in three age classes, including 9 young (40-80 yrs), 9

mature (80-200 yrs), and 29 old-growth (>200 yrs) stands (Spies et

al. 1988). Study sites were chosen on the basis of age, size (>12

ha), stand structure, vegetation composition and history of site

disturbance. Young and mature stands originated from catastrophic

disturbances (fire and in 5 cases clearing or clear-cutting) and

regenerated from natural seed sources. These stands were densely

stocked with Douglas-fir trees and had relatively homogeneous,

single-layer canopies. Old-growth stands were characterized by

small-scale heterogeneity and diverse, uneven-aged stand structure.

Forest management activities were absent in these study sites, with

the exception of 1 mature and 2 young stands, where some thinning had

occurred.

Bird Density and Species Composition

The variable circular-plot (VCP) method (Reynolds et al. 1980)

was used to survey cavity-nesting bird populations in 45 stands in

1985 and 33 stands in 1986; small stand size, steep, fragile slopes,

and site inaccessibility precluded effective sampling in some sites

in 1986 (Appendix 1). Seven to 12 sampling plots, depending on stand

size, were systematically located at 100 m intervals in each study

site. All stations were at least 75 m from roads or edges of



adjacent habitat. A minimum of 6 and maximum of 11 surveys

(depending on stand size) were conducted at each site between 30

April and 4 July, 1985 and 1986. Counts began within 15 minutes of

official sunrise (PDT) and were completed within 4 hours. No surveys

were conducted during rainy, windy or foggy conditions.

All detections of cavity-nesting birds were recorded for a

period of 8 minutes at each station, preceded by a 2-min waiting

period to allow birds to resume normal activity patterns. The

horizontal distance (m) from the observer to each visual, auditory or

combined detection was estimated to a maximum of 150 m. Birds flying

above the canopy were recorded, but were not included in density

estimates. Extreme care was taken to avoid double counting of birds

at adjacent VCP stations. Training sessions, including tests of

species identification and distance estimation, were conducted prior

to each years' survey to develop consistency among all field

observers (Kepler and Scott 1981). Observers were rotated among the

study sites in 2 groups (north and south) to minimize sampling

biases. Fourteen different field assistants participated in the bird

surveys (11 in 1985 and 8 in 1986); five observers remained in the

survey crew for 2 years.

Habitat Characteristics

I defined a snag as any standing dead tree which was >10 cm in

dbh (diameter at breast height) and >2 m in height. Densities and

characteristics of snags were determined using fixed-width transects

positioned along VCP survey routes. The transects varied from 700 to

8



1100 m in length, based on stand size. All snags within a 30-m wide

strip were counted (Brush et al. 1983) and categorized into 3 decay

classes (modified from Cline et al. 1980); classes 2 and 3, and 4 and

5 were combined into classes 2 and 3, respectively (Appendix 2).

Snag diameters (dbh) were recorded as follows: exact diameter was

measured for all large snags, >50 cm dbh, and the first 5 medium (20-

49 cm dbh) and small (10-19 cm dbh) snags encountered within each 100

m section of every transect; other medium and small snags were

tallied into 2 snag size classes (10-19 cm dbh and 20-49 cm dbh).

Vegetative characteristics were also measured at each VCP

station. Two nested circular plots of 0.05 ha (13-m-radius) and 0.2

ha (25-m-radius) were centered at each VCP point. Percent cover of

shrubs (<2 m height), understory and midstory vegetation (2-15 m),

and woody debris (>10 cm dbh) in 3 decay classes (modified from

Franklin et al. 1981) were estimated visually within the 0.05-ha

plot. Deciduous and coniferous canopy cover (%) was estimated

visually in the 0.2-ha plot. An octave scale with 7 cover classes

was used to record these ocular estimates of percent cover: 0 = 0%, 2

_ <2%, 4 = 2-6%, 8 = 7-12%, 16 = 13-24%, 32 = 25-48%, 64 = >49%.

All trees and snags within the 0.2-ha plot were counted to

obtain densities per hectare. The species and number of coniferous

trees were recorded in 3 size classes: 10-49 cm dbh, 50-99 cm dbh,

and >100 cm dbh. All hardwood species were lumped into one diameter

class (>10 cm dbh). Snags were grouped into 3 size and 3 decay

classes, as described previously. General site characteristics such

as slope (%), aspect, average height of canopy trees (m), presence of

9
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an edge (change or discontinuity in forest type) with 100 m, and

presence and type of surface water within 25 m were also recorded.

Data collected by Spies et al. (1988) on stand size (ha), stand age

(yrs), elevation (m), latitude, and distance from the coast (km) were

used as additional site characteristics.

Statistical Analysis

Densities of cavity-nesting birds were determined using the

cumulative distribution function of bird detections in relation to

.distances from VCP points (Wildman and Ramsey 1985). A mean

effective area (lumped across observers), was calculated from the

cumulative distribution histogram for each species, study site, and

year (Wildman 1983, Wildman and Ramsey 1985, Scott et al. 1986); the

mean was used to minimize observer variability. Number of birds per

VCP count were divided by the effective area in each stand to

determine density per count by species. Results were pooled to

obtain species-specific density estimates at each site and within

each stand type. A minimum sample size of >20 observations was

required to calculate the effective area and density of each species

in each year.

Cavity-nesting bird densities were compared among the 3 stand

types using one-way analysis of variance (Kruskal-Wallis ANOVA) (SAS

Institute, Inc. 1987) and mean comparison tests (Student-Newman-

Keuls). To accurately compare uneven sample sizes, mean comparison

tests were conducted using multiple comparisons based on the sample

size of each group (Gibbons 1976) rather than the harmonic mean used
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in most computer programs. Differences in densities of snags by size

and decay class among stand types were tested similarly.

Nonparametric procedures were employed because density estimates

violated the assumption of normality and data transformations were

unsuccessful in altering skewed distributions.

I used mean density and percent occurrence of birds (Van Horne

1983, Marcot 1985) as indices of relative forest age suitability to

each cavity-nesting species. Percent occurrence was determined as

the percent of VCP stations in each stand type at which a species was

detected at least once. High habitat suitability was equated with

high densities and high percent occurrence.

Associations between densities of cavity-nesting birds, and

vegetative (structural) and geographic characteristics (Appendix 3)

were determined using 3 approaches. First, Spearman rank-

correlation coefficients (SAS Institute, Inc. 1987) were evaluated

for significant (P < 0.01) correlations between mean densities of

each species, and mean vegetative and geographic characteristics.

Correlations demonstrating inconsistency in pattern or sign between

years (a positive correlation in one year and a negative in another)

were not considered because of the high probability of spurious

relationships or Type I errors (Meslow and Keith 1971, Marcot 1985).

Second, stepwise multiple linear regression (SAS Institute,

Inc. 1987) was used to relate densities of each bird species to

vegetative and geographic characteristics (Balda et al. 1983, Marcot

1985, Morrison et al. 1987a) (Appendix 3). This analysis was used

solely as a descriptive tool and not for predictive purposes. Data



12

were not pooled across years because of variation in numbers of study

sites between years.

Highly correlated variables (r > 0.70) (Pearson correlation

matrices) were identified prior to analysis; the variable judged the

most biologically meaningful in the correlated pair was retained.

Bird densities were transformed [log10(X+1)] to meet the assumptions

of equality of variance more closely. Resulting regression equations

were tested for equality of variance (by examining residuals) and

evaluated for effects of multicollinearity; all final models met the

underlying assumptions. The final model was considered significant

at P < 0.05, however the significance value for an independent

variable to enter (P-to-enter) the stepwise procedure was set at

<0.15 to ensure inclusion of biologically important variables

(Morrison et al. 1987a). The accuracy of each regression equation

was evaluated with the standard error of the estimate ( MSE, Zar

1984:337) and the adjusted coefficient of determination (adj. R2), a

measure of the percent of total variation in bird densities explained

by the regression equation (Zar 1984:336).

Third, a principal components analysis (PCA) was used to

summarize selected vegetation and geographic characteristics (SAS

Institute, Inc. 1987) (Appendix 3). This analysis was used as a

data reduction and ordination technique for describing and

simplifying physiognomic and geographic characteristics. The PCA

reduced covariance among variables and generated a smaller number of

new statistically independent variables. Separate analyses were run

for each year to correspond with respective numbers of study sites.
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One outlier was removed prior to analysis in each year. The number

of components used was limited to those with eigenvalues greater than

1.0. PCA scores were orthogonally rotated with the Varimax rotation

to simplify interpretation. The results of the PCA ordination were

evaluated by the degree of correlation between the principal

components and the original variables.

Principal component scores of the first 2 PCA axes in each year

were graphed to show the spatial relationships of vegetation and

geographic variables among stand types. The scores of each study

site were illustrated to demonstrate the range of habitat

characteristics, although group centroids (mean component scores of

each stand type) were also included. The principal components were

then used in a stepwise multiple linear regression to evaluate the

significance of partial correlations with transformed [log10(X+1)]

species-specific densities (Marascuilo and Levin 1982, Raphael and

Barrett 1984, Marcot 1985). The regression equations were tested and

evaluated for accuracy according to methods described previously.



14

RESULTS

Species Composition and Densities

Seventeen cavity-nesting bird species were observed on 47 study

sites in 1985 and 1986, including six species of primary cavity

nesters and 11 species of secondary cavity-nesters (Appendices 4 and

5). Species richness (mean number per stand) was higher in old-

growth stands than young stands in both years (Table 1); however

similar numbers of species were detected in mature and young stands.

Species composition also varied with stand age. The northern spotted

owl (Strix occidentalis), Vaux's swift (Chaetura vauxi), western

screech owl (Otus kennicottii), tree swallow (Tachycineta bicolor),

and wren species (Thryomanes bewickii, and Troglodytes aedon) were

absent from young stands, although these cavity-nesting birds were

uncommon in all stand types (Appendices 4 and 5). No species

occurred only in young stands. All primary cavity-nesters and 5

species of secondary cavity-nesters were found in all stand types.

However, the number of detections was large enough (N > 20 in each

year) to estimate density for only 8 species: 5 primary and 3

secondary cavity-nesters (Tables 2 and 3). Analyses and discussions

in this paper will deal primarily with these 8 species.

Chestnut-backed chickadees (Parus rufescens) were the most

abundant species in all stand types in 1985, whereas densities of

brown creepers (Certhia americana) were higher than chestnut-backed

chickadees in mature and young stands in 1986 (Tables 2 and 3).

Densities of these two cavity-nesting birds were greater than all
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Table 1. Mean number (standard error) of cavity-nesting species per
stand, and total number of species in three stand types, Oregon Coast
Ranges, 1985 and 1986.

Number of Species

Mean Per Stand Total

Stand Type N 1985 1986 1983 1986 Combined

Old-Growth 29 8.1Aa 7.8A 16 14 16
(0.2) (0.3)

Mature 9 7.2AB 6.6AB 12 10 14
(0.6) (0.6)

Young 9 6.1B 4.9B 11 9 11
(0.5) (0.6)

All Stands 47 7.5 6.9 16 15 17
(0.2) (0.3)

Fb 6.71* 11.87**

a Within each column, means with the same letter are not significantly
different (P < 0.05, Student-Newman-Keuls mean comparison test).

b Based on one-way analysis of variance (ANOVA) among 3 stand types:
* P < 0.01, ** P < 0.001.



Table 2. Mean densities (no/km2), standard error, and effective sampling distance of cavity-
nesting birds in three stand types in the Oregon Coast Ranges, 1985.

Speciesb
Stand
Types NOFL PIWO RBSA HAWO RBNU PYOW CBCH BRCR

OG (N - 27) 0.7 1.1A° 1.1A 3.8 14.OA 0.3 282.3A 87.9A
(0.1) (0.1) (0.2) (0.5) (1.1) (0.1) (19.8) (9.1)

MAT (N = 9) 0.6 1.OA O.6AB 2.9 11.6A8 0.2 202.38 77.2A8
(0.2) (0.3) (0.4) (0.8) (3.4) (0.1) (34.4) (12.8)

YNG (N = 9) 0.4 0.28 0.18 2.0 6.5B 0.1 168.18 42.98
(0.1) (0.1) (0.1) (0.7) (1.8) (0.1) (17.0) (7.5)

Fd 1.88 10.09*** 8.60*** 2.30 7.56** 0.52 6.97** 4.63*

EFF (m)e 132 118 119 81 94 142 34 38

Total
Detectionsf 132 156 135 259 1294 56 3402 1386

a OG = Old-growth, MAT = Mature, YNG = Young.

b NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker,
HAWO = Hairy woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl,
CBCH = Chestnut-backed chickadee, BRCR = Brown creeper.

C Within each column, means with the same Letter or means without Letters are not
significantly different (P < 0.05, Student-Newman-Keuls mean comparison test).

d Based on one-way analysis of variance (KruskaL-WaLlis ANOVA) among 3 stand types:
* P < 0.05, ** P < 0.01, *** P < 0.001.

e EFF = Average effective detection distance based on the Cumulative Distribution Function
(Wildman and Ramsey 1985).

f Total number of birds detected at all VCP stations during visits to each stand; detections
were combined across stand types. See Appendix 4 for number of detections in each stand.



Table 3. Mean densities (no/km ), standard error, and effective sampling distance of cavity-
nesting birds in three stand types in the Oregon Coast Ranges, 1986.

Speciesb
Stand
Typea NOFL PIWO RBSA HAWO RBNU PYOW CBCH BRCR

OG (N = 19) O.4Ac 1.2A 4.3A 4.9A 19.8 0.1 131.2A 120.8A
(0.1) (0.2) (1.5) (0.6) (2.5) (0.1) (8.6) (7.8)

MAT (N = 7) 0.3AB 0.4B 3.2AB 2.7AB 12.9 0.2 79.6B 116.OA
(0.2) (0.1) (2.2) (0.5) (4.5) (0.1) (10.3) (13.2)

YNG (N = 7) <0.18 0.28 0.2B 0.8B 8.0 0.1 47.38 61.8B
(<0.1) (0.1) (0.2) (0.3) (2.1) (0.1) (11.1) (9.2)

Fd 8.53** 13.90*** 5.66** 11.29*** 3.31 1.08 19.34*** 7.57**

EFF (m)e 177 122 71 84 92 150 43 34

Total
Detectionsf 73 100 138 224 1176 27 1675 1082

a OG = Old-growth, MAT = Mature, YNG = Young.

b NOFL = Northern flicker, PIWO = Piteated woodpecker, RBSA = Red-breasted sapsucker, HAWO =
Hairy woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-
backed chickadee, BRCR = Brown creeper.

c Within each column, means with the same letter or means without letters are not
significantly different (P < 0.05, Student-Newman-Keuls mean comparison test).

d Based on one-way analysis of variance (Kruskal-Wattis ANOVA) among 3 stand types:
** p < 0.01, *** P < 0.001.

e EFF = Average effective detection distance based on the Cumulative Distribution Function
(Wildman and Ramsey 1985).

f Total number of birds detected at all VCP stations during visits to each stand; detections
were combined across stand types. See Appendix 5 for number of detections in each stand.

2
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other species combined in all stand types. Northern pygmy owls

(Glaucidium gnoma) were the rarest species in all stand types in

both years, with the exception of young forests.in 1986, where

northern flickers (Colaptes auratus) were least common. Most

primary-cavity nesters were relatively rare in all stand types in

both years. Effective detection distances paralleled species

abundances; the rarer primary cavity-nesters and northern pygmy owls

were detected at greater distances than common secondary cavity-

nesters (Tables 2 and 3). Effective detection distances were similar

in both years for all species, except northern flickers and red-

breasted sapsuckers (SSDhvrapicus ruber).

Species-specific densities generally were greater in 1985 than

in 1986 in all stand types, except for brown creepers; however, the

pattern of relative abundance among stand types was similar in both

years. In general, abundance of all cavity-nesting birds was

highest in old-growth stands and lowest in young stands (Tables 2

and 3). In addition, percent occurrence (X = 49%, range 5-96)

usually was higher and was associated (r > 0.97, P < 0.001) with

higher mean densities in older forests (Appendix 6). Lower percent

occurrence (X = 30%, range 1-88) in young stands represented less

consistent species presence among VCP stations. Although a few

outliers created overlapping ranges of these indices, lower densities

and percent occurrence of cavity-nesting species in the young stands

suggest they are less suited to this habitat type.

Densities of most species differed significantly among stand

types, including 5 of 8 species in 1985 (F's > 4.63, P < 0.05,
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Kruskal-Wallis ANOVA), and 6 of 8 species in 1986 (F's > 5.66, P <

0.05, Kruskal-Wallis ANOVA), and were higher in old-growth stands

than young stands (Tables 2 and 3). Abundance of most species was

similar in old-growth and mature stand types, however densities of

chestnut-backed chickadees in both years and pileated woodpeckers

(Dryocopus pileatus) in 1986 were greater in old-growth stands than

mature and young stands. In addition, pileated woodpeckers in 1985

and brown creepers in 1986 were more abundant in old-growth and

mature stands compared with young stands. Densities of northern

pygmy owls were not different among stand types in either year.

Hairy woodpeckers (Picoides villosus) and northern flickers in 1985

and red-breasted nuthatches (Sitta canadensis) in 1986 also had

similar densities among stand types.

Snag Densities

Snag densities were calculated using data from snag transects

(Tables 4 and 5) and circular habitat plots (Appendices 7 and 8) to

compare the effectiveness of each technique. Abundance of snags and

patterns among stand types was similar with both methods, and each

technique was equally successful in determining relative snag

densities. However, snag densities were slightly higher for most

stand types and size classes using the transect method. This may

reflect the shorter detection distance (15 m) on transects as

compared to circular plots (25 m). Because the transects were

designed to estimate snag densities among stand types and to provide

quantitative data on snag dbh and decay, I limit the remainder of
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Table 4. Mean densities (no/ha) and standard error of snags by diameter
(dbh) class in three stand types.a

Snags by Size Class

Stan 10-19 cm 20-49 cm >50 cm Overall Mean
Type (N=3648) (N=3088) (N=1988) (N=8724)

OG (N = 29) 6.9Cc 8.4B 14.4A 29.7B
(1.1) (0.8) (1.3) (2.2)

Mature (N = 9) 21.5B 48.1A 14.2AB 83.8A
(4.2) (11.3) (6.1) (15.2)

Young (N = 9) 79.5A 29.4A 7.9B 116.8A
(18.6) (12.0) (2.5) (28.4)

Fd 39.73*** 30.80*** 4.92* 45.55***

a Data are from snag transects.

b OG = Old-growth.

c Within each column, means with the same letter are not significantly
different (P < 0.05, Student-Newman-Keuls mean comparison test).

d Based on one-way analysis of variance (Kruskal-Wallis ANOVA) among 3
stand types: * P < 0.05, *** P < 0.001.



Table 5. Mean densities (no/ha) and standard error of snags by diameter (dbh) and decay class in three
stand types.a

Snags by Size and Decay Classb

Stand
Typec

OG (N = 29)

MAT (N = 9)

YNG (N = 9)

Fe

S1

(N=1093)
S2

(N=1977)
S3

(N=578)

Mi
(N=451)

M2

(N=1861)
M3

(N=776)
L1

(N=135)
L2

(N=728)
L3

(N=1125)

2.5Bd 3.48 1.OB 1.2B 4.6B 2.7B 1.3A 6.2A 6.9
(0.5) (0.6) (0.2) (0.2) (0.6) (0.4) (0.2) (0.8) (0.7)

3.28 12.5A 5.8A 5.7A 30.2A 12.2A 0.4B 4.3A 9.4
(0.6) (3.7) (1.4) (2.3) (7.3) (3.4) (0.2) (1.6) (4.7)

25.6A 43.5A 10.4A 5.7A 17.8A 5.8AB 0.2B 0.6B 7.1
(5.6) (14.4) (2.7) (1.3) (8.8) (2.3) (0.2) (0.3) (2.3)

21.11*** 33.35*** 26.77*** 15.99*** 23.77*** 10.54*** 7.75** 12.97*** 0.38

a Data are from snag transects.

b S = 10-19 cm dbh, M = 20-49 cm dbh, L = 50+ cm dbh; 1 = Decay Class 1, 3 = Decay Class 2, 3 = Decay
Class 3.

c OG = Old-growth, MAT = Mature, YNG = Young.

d Within each column, means with the same Letter or means without Letters are not significantly
different (P < 0.05, Student-Newman-Keuls mean comparison test).

e Based on one-way analysis of variance (Kruskal-WaLIis ANOVA) among 3 stand types:
** P < 0.01, *** P < 0.001.
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this section to an analysis of the transect data.

Snag densities were highest in young stands (X = 116.8/ha) and

lowest in old-growth stands (X = 29.7/ha) (Table 4). Numbers of

small (10-19 cm dbh) and medium (20-49 cm dbh) snags were higher in

young and mature sites than old-growth sites, although small snags

were denser in young stands and medium snags were most abundant in

mature stands. Densities of large snags (>50 cm dbh) were most

abundant in mature and old-growth forests, however significant

differences in densities of large snags only occurred between old-

growth and young forests (Table 4).

Patterns in snag abundance among stand types were similar when

analyzed by size and decay class (Table 5). Densities of small decay

class 2 and 3, and medium decay class 1 and 2 snags were similar in

mature and young forests, and significantly more abundant than in

old-growth forests. Densities of small decay class 1 snags were

lower in mature and old-growth stands than young stands, and medium

decay class 3 snags were more common in mature sites than old-growth

sites. Densities of large decay class 3 snags were equally common in

all stand types. On the other hand, large decay class 1 and 2 snags

were more abundant in old-growth, and older-aged (>80 yrs) forests,

respectively, than young forests (Table 5). Large decay class 2

snags were preferred most for nesting by all cavity-nesting birds

(see chapter 2).
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Association of Bird Densities With Habitat Characteristics

Rank Correlations

The Spearman rank-correlation analysis revealed many

significant (P < 0.01) correlations between densities of cavity-

nesting birds and habitat variables (Tables 6 and 7). Most of the

relationships (positive or negative) were consistent between years

and among species. Discrepancies included the importance of canopy

height, shrub cover, canopy cover and slope in 1985, and small decay

class 2 snags, distance from the coast and stand size in 1986.

Within-year patterns were evident between densities of cavity-

nesting birds, and habitat or geographic variables. In 1985,

abundance of four species was correlated negatively to density of

small conifers and associated positively with large decay 2 snags.

In 1986, densities of at least four species were correlated

positively with large decay class 2 snags, large conifers and stand

age, and were associated negatively with small decay class 2 snags.

No significant correlations between bird abundance, and large and

small snags of decay class 3 or medium-sized snags of all classes

occurred in either year. In addition, densities of medium conifers,

log cover, site aspect, and elevation were not associated with the

abundance of any species.

Associations between densities of six species of cavity-

nesting birds and habitat variables were consistent in both years.

Abundance of pileated woodpeckers, red-breasted sapsuckers and red-

breasted nuthatches increased with stand age; the first two species



Table 6. Relationship (Spearman rank correlations) between densities of cavity-nesting birds, and
habitat and geographic characteristics in 1985 (N = 45).

Speciesb

Variables NOFL

Snags 50+ cm DBH (no/ha)
Decay 1 - - - -
Decay 2 ----

Snags 10-19 cm DBH
(no/ha)
Decay 1

Conifers (no/ha)
10-49 cm DBH
100+ cm DBH

Maples (no/ha)

Other Hardwoods
(no/ha)

0.42**

Canopy Cover (X)
Midstor' y Cover (X)

Shrub Cover (X)

Canopy Height (m)

Age (yrs)

Latitude

Slope (X)

PIWO

0.46***

-0.49***

RBSA

0.44**

-0.47*** ----
0.54*** 0.41**

HAWO RBNU

0.44**
0.45**

0.40***
0.41**

PYOW

0.45**

0.45** ----
0.42** 0.40**

0.51*** 0.56*** 0.54***

CBCH BRCR

0.38** 0.37**

-0.49*** -0.46***

-0.52***

-0.48***

-0.38** -0.37**
--- 0.44**

0.49*** 0.52***

-0.40**

a only correlations with significant (P < 0.01) relationships are shown (** P < 0.01, *** P < 0.001). See Appendix 3 for list
of variables used in analyses.

b NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, RBNU = Red-
breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backed chickadee, BRCR = Brown creeper.

----

---- ----

---- ---- ----

---- ---- ---- ---- ----

----

---- ---- ---- ---- ----
---- ---- --- ----
---- ----

---- ----

---- ---- ---- ----



Table 7. Relationship (Spearman rank correlations) between densities of cavity-nesting birds, and
habitat and geographic characteristics in 1986 (N = 33).

Speciesb

VariabLea NOFL PIWO RBSA HAWO RBNU PYOW CBCH BRCR

Snags 50+ cm DBH (no/ha)
Decay 1 --- 0.60*** ---- 0.60***
Decay 2 0.44** 0.43** 0.43** 0.48**

Snags 10-19 cm DBH
(no/ha)
Decay 1 ---- ---- ---- -0.46** ---- ---- ---- -0.70***
Decay 2 -0.50** -0.43** ---- -0.52** ---- ---- ---- -0.49**

Conifers (no/ha)
10-49 cm DBH ---- ---- -0.48** -- ---- ---- ---- -0.68***
100+ cm DBH 0.47** 0.65*** 0.53*** 0.61*** ---- ---- 0.59*** 0.46**

Maples (no/ha) 0.49** ---- ---- 0.37**

Other Hardwoods ---- ---- ---- ---- ---- ---- ---- -0.55***
(no/ha)

Midstory Cover (X) 0.44** ---- ---- ---- ----

Age (yrs) 0.60*** 0.64*** 0.48** 0.67*** 0.60***

Distance from coast
(km) 0.58*** ---- ---- ---- 0.49**

Latitude ---- ---- ---- ---

Stand Size (ha) -- ---- ---- ---- - --

0.46**

-0.44**

0.59***

a only correlations with significant (P < 0.01) relationships are shown (** P < 0.01, *** P < 0.001). See Appendix 3 for list
of variables used in analysis.

b NOEL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker, HAWO Hairy woodpecker, RBNU = Red-
breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backed chickadee, BRCR = Brown creeper.

=
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were also associated positively with densities of large conifers. In

addition, only densities of pileated woodpeckers and chestnut-backed

chickadees were correlated consistently with abundance of large

decay class 2 snags, although densities of 6 of the 8 species were

associated positively with numbers of large snags in at least one

year. Abundance of brown creepers decreased with increasing numbers

of small conifers and hardwoods, while northern pygmy owls were

associated positively with densities of bigleaf maple trees (Acer

macrophyllum).

Multiple Regression

In general, habitat and geographic characteristics accounted

for less than 50% of the variation in species' densities in both

years, with the exception of red-breasted sapsuckers (56%) and red-

breasted nuthatches (51%) in 1985, and hairy woodpeckers (64%), red-

breasted nuthatches (69%), chestnut-backed chickadees (71%), and

brown creepers (66%) in 1986 (Tables 8 and 9). Relatively few

distinct patterns in species-specific habitat associations occurred

between years. However, densities of northern pygmy owls were

associated positively with abundance of bigleaf maple trees in both

years, and densities of red-breasted sapsuckers and red-breasted

nuthatches increased with stand age. Abundance of red-breasted

nuthatches were also associated positively with distance to the

coast, while densities of northern flickers were correlated

negatively with medium decay class 1 snags.



Table 8. Results of stepwise multiple linear regressions of cavity-nesting bird densities on
habitat and geographic characteristics in 1985 (N = 45).

Variables
Speciesa Selectedb CCc R2 ADJ R2d SEEe F Significance

NOFL Maples (no/ha)
Snags 20-49 cm dbh

Decay 1 (no/ha)

0.39 0.23 0.19 0.14 6.22 0.0043

PIWO Snags 10-19 cm dbh
Decay 1 (no/ha)

Shrub cover (X)
Stand size (ha)
Snags 20-49 cm dbh

Decay 1 (no/ha)
Snags 20-49 cm dbh

Decay 2 (no/ha)

RBSA Stand age (yrs)
Elevation (m)
Snags 10-19 cm dbh

Decay 1 (no/ha)
Distance from coast (km)
Snags 20-49 cm dbh

-0.22

-0.54 0.53 0.47 0.10 8.61
-0.31
0.26

-0.11

-0.05

0.43 0.64 0.56 0.14 8.09
-0.20

-0.35
0.31

Decay 1 (no/ha) -0.19
Shrub cover (X) -0.22
Canopy height (m) 0.17
Canopy cover (X) -0.06

0.0001

0.0001

HAWO Snags 50+ cm dbh
Decay 1 (no/ha) 0.29 0.41 0.35 0.22 6.96 0.0002

Snags 20-49 cm dbh
Decay 1 (no/ha) 0.19

Snags 10-19 cm dbh
Decay 2 (no/ha) -0.25

Canopy height 0.32

RBNU Stand age (yrs) 0.50 0.57 0.51 0.17 10.40 0.0001
Distance from coast (km) 0.41
Snags 20-49 cm dbh

Decay 2 (no/ha) 0.02
Shrub cover (X) -0.30
Snags 50+ cm dbh

Decay 3 (no/ha) -0.06

PYOW Maples (no/ha) 0.34 0.11 0.08 0.09 5.34 0.0260

CBCH Canopy cover (m) -0.49 0.45 0.39 0.17 8.29 0.0001
Stand size (ha) -0.39
Stand age (yrs) 0.33
Maples (no/ha) 0.33

BRCR Canopy Height (m) 0.47 0.40 0.34 0.24 6.64 0.0003
Stand site (ha) -0.34
Shrub cover (%) -0.46
Maples (no/ha) 0.25



Table 8. Continued.

a NOFL - Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy
woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backed
chickadee, BRCR = Brown creeper.

b Variables listed in order of entry into Regression Model.

c CC = Partial correlation coefficients.
d ADJ R2 = R2 - nmm,1 (1-R2). where R2 is the unadjusted coefficient of determination from the
regression, m is the number of parameters in the model, including the intercept, and n is the numbers
of cases (tar 1984).
e SEE = standard error of the estimated densities = MSE (tar 1984).



Table 9. Results of stepwise multiple linear regressions of cavity-nesting bird densities on
habitat and geographic characteristics in 1986 (N= 33).

Speciesa
Variables
Selectedb CCc R2 ADJ R2d SEEe F Significance

NOFL Distance from coast (km) 0.56 0.52 0.45 0.07 7.52 0.0003
Stand size 0.37
Snags 10-19 cm dbh

Decay 1 (no/ha) 0.35
Snags 20-49 cm dbh

Decay 1 (no/ha) -0.27

PIWO Stand age (yrs) 0.60 0.43 0.39 0.14 11.32 0.0002
Elevation (m) -0.14

RBSA Maples (no/ha) 0.54 0.44 0.40 0.32 11.73 0.0002
Stand age (yrs) 0.35

HAWO Stand age (yrs) 0.65 0.69 0.64 0.17 15.80 0.0001
Snags 10-19 cm dbh

Dec?y 1 (no/ha) -0.65
Aspect -0.19
Elevation (m) -0.19

RBNU Distance from coast (km) 0.77 0.74 0.69 0.22 15.30 0.0001
Stand age (yrs) 0.45
Snag 20-49 cm dbh

Decay 2 (no/ha) -0.16
Elevation (m) 0.05
Snags 10-19 cm dbh

Decay 2 (no/ha) -0.12

PYOW Maples (no/ha) 0.52 0.27 0.25 0.06 11.18 0.0022

CBCH Snags 20-49 cm dbh -0.80 0.74 0.71 0.14 28.09 0.0001
Decay 2 (no/ha)

Conifers 50-99 cm dbh
(no/ha) -0.31

Canopy height 0.42

BRCR Snags 10-19 cm dbh
Decay 1 (no/ha) -0.73 0.70 0.66 0.10 16.45 0.0001

Canopy cover (X) -0.17
Elevation (m) -0.20
Aspect 0.23

a NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, RBNU = Red-
bbreasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backedchickadee, BRCR = Brown creeper.

Variables listed in order of entry into Regression Model.
C CC = Partial correlation coefficients.
d ADJ R2 = R2 - nmm11 (1-R2). where R2 is the unadjusted coefficient of determination from the regression, m is the number
of parameters in the model, including the intercept, and n is the numbers of cases (Zar 1984).
e SEE = standard error of the estimated densities = SE (Zar 1984).
f Cosine transformed.
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There was a predominance of negative correlations to small and

medium snags, and lack of association with large snag and tree

densities for most species within years. In addition, densities of

four species were correlated negatively to shrub cover and related

positively to maple densities in 1985. In 1986, abundance of

pileated woodpeckers, red-breasted sapsuckers, hairy woodpeckers and

red-breasted nuthatches increased with stand age.

Principal Components Analysis and Multiple Regression

Principal components analyses (PCA) identified 8 components in

1985 and 7 components in 1986 with eigenvalues > 1.0; both accounted

for 79% of the total variation in habitat and geographic

characteristics (Appendices 9 and 10). I will limit my presentation

of the results to the first four components; these components

described similar gradients of habitat and geographic characteristics

in each year.

The first principal component accounted for 28/o and 29% of the

total variation in 1985 and 1986, respectively, and was associated

with densities of small snags, conifers, and hardwoods; and canopy

height. This component represented a gradient from low densities of

small snags and trees (conifer and hardwood) and high canopies to

high densities of small, short snags and trees, which are more common

in young forests. Principal component 2 explained 14% and 16% of the

total variation in 1985 and 1986, respectively, and was highly

correlated with stand age, densities of large snags and live

conifers, elevation, and percent log or woody debris cover. This
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component was characterized primarily by a gradient from old-growth

forests with high densities of large snags and large trees to young

forests with low numbers of large snags and large trees. The third

component was associated with densities of medium snags, as well as

distance from the coast in 1985. Eleven and 12% of the variability

in habitat variables were accounted for by this component in 1985 and

1986, respectively. An evaluation of mean habitat characteristics

supported interpretation of these principal components based on

gradients of snag and tree densities, and stand age (Appendix 11).

The fourth component in both years represented only 7% of the total

variation in habitat and geographic characteristics, but I included

this PCA axis in the results based on its potential biological

significance to cavity-nesting birds (M. Huff, pers. comm.). This

component represented a gradient of stand size and latitude. In

1986, canopy cover and densities of bigleaf maple trees were also

associated with this gradient.

Graphs of the first 2 principal components illustrated some

overlap in densities of snags and trees, stand age, canopy height

and elevation among the 3 stand types (Figures 2 and 3). Along PCA

axis 1, young stands contained higher densities of small snags and

trees, and lower canopy heights than old-growth and mature stands.

No differences in this habitat gradient occurred between the older-

aged (>80 yrs) forests. The second principal component displayed

more overlap among stand types than the first PCA axis. Mature and

young stands were similar in large snag density, stand age and

elevation. Old-growth forests contained higher densities of large
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Figure 2. Overlap in vegetative characteristics in 44 study
sites, 1985, from an ordination of PCA scores from the first
two principal component axes. * represents group centroids
(means) of old-growth, mature and young forests.
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Figure 3. Overlap in vegetative characteristics in 32 study
sites, 1986, from an ordination of PCA scores from the first
two principal component axes. * represents group centroids
(means) of old-growth, mature and young forests.
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snags, stand age and elevation than mature and young forests,

although overlap along this gradient occurred between old-growth

forests and outliers of younger (<200 yrs) forests.

Multiple regressions of bird densities on the first four

principal component scores accounted for less than 50% of the

variation in species abundance in both years, except for brown

creepers in 1986 (Tables 10 and 11). Despite the low coefficients of

determination (adj. R2), some consistent patterns of habitat

associations occurred among species. Densities of four or more

species were correlated negatively to PCA 1 (small snags and trees)

in each year; brown creepers, chestnut-backed chickadees, and

pileated woodpeckers were associated negatively with this principal

component in both years. In addition, densities of four species in

1985 and two species in 1986 were correlated positively to PCA 2

(stand age, large snags and trees, and elevation). This positive

relationship to stand age and elevation was consistent (both years)

for pileated and hairy woodpeckers. Principal components 3 and 4

were not associated consistently with any species, although

correlations with these components were always negative. Densities

of red-breasted sapsuckers and northern pygmy owls in 1985, red-

breasted nuthatches in 1986, and northern flickers in both years were

not associated with any of the principal components.

Comparison Among Analyses

Patterns consistent among the 3 analyses (Spearman rank

correlation, multiple regression, and principal components multiple



Table 10. Results of stepwise multiple linear regressions of cavity-nesting bird densities on
principal component scores of habitat and geographic characteristics in 1985 (N = 45).

Speciesa
Components
Selectedb CCc R2 ADJ R2d SEEe F Significance

NOFL

PIWO

No Components

1

Selected

-0.44 0.34 0.31 0.13 10.51 0.0002
2 0.38

Constant 0.26

RBSA

HAWO

No Components

3

Selected

-0.30 0.16 0.12 0.25 4.02 0.0255
2 0.28

Constant 0.56

RBNU 1 -0.40 0.29 0.26 0.23 8.23 0.0010
2 0.36

Constant 1.04

PYOW

CBCH

No Components

4

Selected

-0.56 0.42 0.38 0.17 9.52 0.0001
1 -0.25
2 0.20

Constant 2.34

BRCR 1 -0.36 0.30 0.27 0.27 8.77 0.0007
4 -0.41

Constant 1.80

a NOEL = Northern flicker, PIWO - Pileated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, RBNU = Red-
breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backed chickadee, BRCR = Brown creeper.

b Components listed in order of entry into Regression Model.

C CC = Partial correlation coefficients.

d ADJ R2 = R2 - nm-t (1-R2). where R2 is the unadjusted coefficient of determination from the regression, m is the number
of parameters in the model, including the intercept, and n is the numbers of cases (Zar 1984).

e SEE = standard error of the estimated densities = MSE (Zar 1984).



T bla e 11 . Results of stepwise multiple linear regressions of cavity-nesting bird densities on
principal component scores of habitat and geographic characteristics in 1986 (N = 33).

Speciesa
Components

Setectedb CCc R2 ADJ R2d SEEe Significance

NOFL

PIWO

No Components

2

Selected

0.33 0.26 0.18 0.15 3.33 0.0338
1 -0.28
3 -0.28

Constant 0.23

RBSA
1 -0.33 0.20 0.14 0.38 3.60 0.0402
4 -0.30

Constant 0.41

HAWO
1 -0.65 0.53 0.48 0.20 10.60 0.0001
3 -0.27
2 0.20

Constant 0.59

RBNU

PYOW

No Components

4

Selected

-0.46 0.38 0.31 0.06 5.63 0.0038
2 -0.29
1 -0.28

Constant 0.05

CBCH 1 -0.53 0.36 0.31 0.18 8.23 0.0015
3 -0.29

Constant 1.98

BRCR
1 -0.77 0.60 0.59 0.11 44.88 0.0001

Constant 2.01

a NOFI = Northern flicker, PIWO = Piteated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backed chickadee, BRCR = Brown creeper.

b Components listed in order of entry into Regression Model.

c CC = Partial correlation coefficients.

d ADJ R2 = R2
nmm11 (1-R2). where R2 is the unadjusted coefficient of determination from the regression, m is the number

of parameters in the model, including the intercept, and n is the numbers of cases (tar 1984).
e SEE = standard error of the estimated densities = MSE (tar 1984).

F



39

regression) were few, although negative correlations between

densities of cavity-nesting birds and abundance of small snags and

trees, found primarily in young forests, were common among species

and between years. In addition, densities of many cavity-nesting

birds increased with stand age. In all analyses, abundance of

pileated woodpeckers in 1985, and hairy woodpeckers and brown

creepers in 1986 was correlated negatively with densities of small

decay class 1 snags. The first two species were also associated

positively with stand age in 1986. In addition, densities of red-

breasted nuthatches were correlated positively with stand age in

1985, and densities of red-breasted sapsuckers increased with

abundance of bigleaf maple in 1986.

A comparison of the Spearman rank-correlation coefficients and

the multiple regressions revealed more similarities among species and

between years than other pair-wise comparisons. Densities of red-

breasted sapsuckers and red-breasted nuthatches increased with stand

age in both years, while abundance of northern pygmy owls was

associated positively with densities of bigleaf maple. Densities of

northern flickers in 1985 and red-breasted sapsuckers in 1986 were

correlated similarly to maple densities. In addition, abundance of

northern flickers and red-breasted nuthatches increased with

distance from the coast (1986). Densities of pileated woodpeckers

were associated positively with stand age (1986) and inversely

related to abundance of small snags (1985). Hairy woodpeckers were

associated similarly with these two variables in 1986. Chestnut-

backed chickadee abundance was associated negatively with canopy
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cover in 1985, while densities of brown creepers (1986) decreased

with increasing abundance of small decay class 1 snags.
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DISCUSSION

Species Composition and Densities

Species richness of cavity-nesting birds was higher in old-

growth forests than young forests in both years; species composition

also varied with stand age. Northern spotted owls, tree swallows and

house wrens were found exclusively in the old-growth stands, however

these cavity-nesting birds were detected infrequently on bird

surveys, prohibiting reliable interpretations about habitat

associations. Of these species, only northern spotted owls have been

associated with old-growth forests (Forsman et al. 1987). Manuwal

and Huff (1987) and Lundquist (1988) found Vaux's swifts to possess

strong associations with old-growth forests. Although this species

was found only in old-growth and mature forests in the Oregon Coast

Ranges, sample sizes were not large enough to determine density or

habitat preference.

Differences in densities of cavity-nesting birds among stand

ages occurred for all species, except hairy woodpeckers and northern

flickers in 1985, red-breasted nuthatches in 1986, and northern

pygmy owls in both years. Raphael and Barrett (1984) found no

significant differences in species' abundances among stand ages;

however Lundquist (1988) and Manuwal and Huff (1987) reported

significant differences in mean detection rates of 3 and 5 species of

cavity-nesting birds, respectively, among stand ages. While

differences in densities between old-growth and young, and old-growth

and mature forests were not always statistically significant in this
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study, 5 species in 1985 and 6 species in 1986 were more abundant in

old-growth than young stands. A similar pattern of greater bird

abundance in older forests was reported by Manuwal and Huff (1987)

and Lundquist (1988) in Washington, and Mannan et al. (1980) in

Oregon. In addition, pileated woodpeckers in 1985 and brown creepers

in 1986 were more common in old-growth and mature stands than young

stands. Only chestnut-backed chickadees in both years and pileated

woodpeckers in 1986 were significantly more abundant in old-growth

forests than in other stand types. These two species have been

reported to reach maximum abundance in mature or old-growth Douglas

fir forests of California (Hagar 1960, Verner 1980, Raphael and

Barrett 1984) and Oregon (Bull and Meslow 1977, Mellen 1987).

Percent occurrence at VCP plots and mean density were used to

estimate habitat suitability as suggested by Van Horne (1983) and

Marcot (1985). Percent occurrence and mean density in mature and

old-growth forests exceeded that in young stands for most cavity

nesting birds, suggesting the potentially greater habitat suitability

of older forests for these species.

Densities of all species varied between years and were

generally lower in 1986. Changes in densities of cavity-nesting

birds between years may have been related to weather, territorial

behavior, availability of resources, observer bias, and random

fluctuations (Anderson et al. 1981, Verner 1985, Gaud et al. 1986).

Raphael and White (1984), Hejl and Beedy (1986), and Hejl et al.

(1988) reported declines in bird numbers, particularly permanent

resident species (including cavity-nesters), following severe
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winters. Although the winter and early spring of 1986 included more

days of precipitation than in 1985, inferences about the effect on

bird densities or detectibility were difficult to make.

Despite yearly fluctuations in density, chestnut-backed

chickadees and brown creepers were the most common species in all

stand types in both years. The former species was also found to be

one of the most abundant among stand ages in Oregon (Mannan et al.

1980) and Washington (Manuwal and Huff 1987, Lundquist 1988). The

dominance of brown creepers and chestnut-backed chickadees could be

related to foraging strategies including utilization of smaller, more

accessible prey and location of foraging activities on living and

dead trees (Airola and Barrett 1985, Morrison et al. 1987b, Lundquist

,1988). In contrast to the abundance of brown creepers and chestnut-

backed chickadees, northern pygmy owls and pileated woodpeckers were

rare in all stand types. The low abundance of these species made

them difficult to survey with standard bird surveys.

Abundances of several cavity-nesting species in this study were

similar to others reported in the Pacific Northwest. Densities of

pileated woodpeckers in the Oregon Coast Ranges were similar to

numbers in northern California (Marcot 1985) and previous estimates

from the same area (Mannan et al. 1980). In addition, Mannan et al.

(1980) found similar densities of brown creepers in old-growth and

young forests, while Marcot (1985) reported comparable numbers in

young and mature forests of California. However, my estimates of

cavity-nesting bird densities.also differed from other studies.

Zarnowitz and Manuwal (1985) and Mariani (1987) found lower densities
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of brown creepers in most stand types in Washington, while densities

of chestnut-backed chickadees were greater in old-growth forests in

my study than in other research (Mannan et al. 1980, Marcot 1985,

Zarnowitz and Manuwal 1985). Densities of all primary cavity-nesters

(except pileated woodpeckers) and northern pygmy owls were lower

than reported in all stand types in the above studies. It is not

known if these differences represent normal year to year variation,

differences in methods and among observers, spatial variability, or

actual declines in population numbers.

Snag Densities

In general, densities of snags were highest in young stands,

followed by mature and old-growth forests, because greater numbers of

small-sized snags occurred in young forests compared with older-aged

forests. A similar pattern among stand types has been reported in

other studies in the Pacific Northwest (Cline et al. 1980, Lundquist

1988, Spies et al. 1988). The large number of small snags in young

stands is related to forest development; closing of the forest canopy

in stands greater than 25 years creates suppression death and a rapid

increase in the number of snags (Cline et al. 1980, Franklin and

Hemstrom 1981, Peet and Christensen 1987). After approximately 60

years of age, mortality slows and tree death results primarily from

insect and disease infestations; commensurate with this is the

decline of snag numbers with increasing stand age (Cline et al.

1980). In mature and old-growth forests, medium and large snags are

created by death of canopy trees. Mature forests contained the most
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medium-sized snags; densities of these snags were significantly

different from old-growth forests, but not from young forests. Most

large snags occurred in old-growth and mature forests; however only

densities in old-growth sites were significantly different from young

sites. Estimates of snag density in unmanaged forests of the Oregon

Coast Ranges (this study) and the Washington and Oregon Cascades

(Cline et al. 1980, Lundquist 1988, Spies et al. 1988) were similar.

However, densities of large (>50 cm DBH, >5 m tall) snags in the

Coast Ranges were lower than in other regions (Lundquist 1988, Spies

et al. 1988).

Stands in my study were created primarily by wildfire and with 3

exceptions had not been silviculturally thinned. The general lack of

forest management activities in these stands combined with fire

disturbance in the Coast Ranges has affected amounts of woody debris

(including snags), especially in stands <150 years (Juday 1977, Cline

et al. 1980, Agee 1981, Spies et al. 1988). Despite the potential

variation in intensity of fires, time since occurrence, and

topographic influences in this area, some remnant (decay class 3)

snags persisted within each stand. Also related to the persistence

of remnant snags in the Oregon Coast Ranges are the decay

characteristics of Douglas-fir snags; they decay slowly, particularly

when they are large in size (Graham 1981). Therefore, medium and

large decay class 3 snags were as common in unmanaged young forests

as old-growth forests. In addition, small decay class 2 and 3, and

medium decay class 1 and 2 snags were equally abundant in mature and

young forests. Because the oldest young stands (70 yrs) were similar
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in age and structure to the younger mature stands (80 yrs), overlap

in vegetative characteristics and snag composition occurred across

forest age. However, large decay class 1 and 2 snags were more

common in old-growth stands than young stands. The greater

abundance of these large snags in older-aged forests may be

influencing the ultimate habitat suitability (nest and foraging site

preferences) of these forests for individual cavity-nesting species

(see chapter 2).

Association of Bird Densities With Habitat Characteristics

Relationships between cavity-nesting bird abundance and

vegetative or geographic characteristics were not as strong as

anticipated. Most habitat associations were inconsistent between

years, and regression analyses accounted for low amounts of variation

in abundance of most species. Despite these results, there were some

meaningful and consistent associations among species and between

years.

Abundance of cavity-nesting birds was correlated consistently

with stand age and related vegetative characteristics. All species'

densities and percent occurrence increased with increasing stand age,

suggesting higher habitat suitability in older-aged forests. A

consistent and positive relationship occurred between stand age and

abundance of pileated woodpeckers, red-breasted sapsuckers, red-

breasted nuthatches, and hairy woodpeckers. The first two species

were also associated positively with densities of large conifers,

which are more common in older forests. In other studies, abundance
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of red-breasted sapsuckers has been found to increase with snag

density (Morrison et al. 1987a), while pileated woodpeckers were

found in older forests including numerous large (>50 cm dbh) trees

and snags (Jackman 1974, Bull and Meslow 1977, Marcot 1985, Mellen

1987). Densities of red-breasted nuthatches and hairy woodpeckers

were found to increase with percent canopy cover and snag densities

(Anderson 1980, Marcot 1985, Morrison et al. 1987a), and reach

greatest densities in mature forests (Hagar 1960, Verner 1980). In

addition, red-breasted nuthatches were characterized as inhabitants

of dense forests (Madsen 1985, Neitro et al. 1985), while hairy

woodpeckers were adaptable and more general in their habitat

preferences (Verner 1980, Raphael and White 1984).

Strong associations of bird densities with large snags were

generally lacking in this study. However, abundance of pileated

woodpeckers and chestnut-backed chickadees increased with densities

of large decay class 2 snags, which were more abundant in old-growth

and mature forests than young forests. The latter species was

associated previously with densities of large tress (Raphael and

Barrett 1984, Lundquist 1988) and high canopies (Morrison et al.

1987a); both species were reported to reach maximum abundance in

mature or old-growth forests (Hagar 1960, Bull and Meslow 1977,

Verner 1980, Raphael and Barrett 1984, Mellen 1987). In other

studies in the Pacific Northwest, snag densities and mean diameter of

snags were reported to be the most important structural features

affecting densities of cavity-nesting birds (Mannan et al. 1980,

Raphael and White 1984, Madsen 1985, Zarnowitz and Manuwal 1985).
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Other factors associated with stand age, such nest-site preferences

and food availability may be structuring the cavity-nesting bird

community in unmanaged Douglas-fir forests of the Oregon Coast

Ranges.

In contrast to a positive correlation with older-aged forests

(>80 yrs) and associated vegetative characteristics, most cavity-

nesting species,in this study were correlated negatively to abundance

of small snags and trees, which are most common in young forests.

Lower densities and percent occurrence of cavity-nesting species in

younger forests suggest they are less suited to this habitat type.

The lower suitability of young forests for cavity-nesting species has

been reported in previous studies in the Pacific Northwest (Bull and

Meslow 1977, Mannan et al. 1980, Verner 1980, Raphael and Barrett

1984, Mariani 1987, Mellen 1987, Lundquist 1988). Two species were

associated consistently and negatively with habitat characteristics

of younger forests. Abundance of brown creepers was associated

negatively with densities of small hardwoods, while densities of

northern flickers were correlated negatively to medium decay class I

snags. Small trees and snags (<50 cm dbh) do not provide adequate

nest-sites for these cavity-nesting species (see chapter 2); in

addition, small hardwoods were found to be inadequate foraging sites

for brown creepers (Mariani 1987). Brown creepers have been found in

greater densities in older forests than in young forests, where they

were associated primarily with densities of snags (Verner 1980,

Marcot 1985, Morrison et al. 1987). Northern flickers were reported

to frequent open areas or edges (Jackman 1974, Hardin and Evans
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1977), although abundance of this species has been correlated to

densities of medium and large snags (Marcot 1985). Numbers of

northern flickers and brown creepers may be limited where large snags

and trees are unavailable.

The distribution of four cavity-nesting birds were influenced by

geographic features. Correlations between bird density or presence

and geographic variables have been found in other studies. Hejl

(1987) reported decreasing bird numbers with increasing elevation in

the Sierra Nevada mountains of California, while M. Huff (pers.

comm.) found that bird abundance was influenced by a complex

interaction between latitude and elevation in the Washington and

Oregon Cascades, and Oregon Coast Ranges. Abundance of cavity-

nesting birds in my study was not associated strongly with latitude

or elevation. However, densities of pileated and hairy woodpeckers

were associated positively with PCA component 2 in both years, which

included an elevational gradient. Because stand age, large trees and

large snags had higher loadings on this component, I assume these

cavity-nesting species were associated more with structural

characteristics than elevation. In addition, these species'

abundances did not increase with increasing elevation; a result that

would be contrary to previous research (Miller 1951, Hejl 1987).

Latitude was not correlated consistently to abundance of any

species, although densities of brown creepers and chestnut-backed

chickadees in 1985, and northern pygmy owls and red-breasted

sapsuckers in 1986 were associated positively with this geographic

variable.
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Densities of red-breasted nuthatches increased with distance

from the coast; this species was rare in the narrow Sitka spruce zone

(Franklin and Dyrness 1973) adjacent to the Pacific Ocean. Reasons

for this result are unknown, although it may be related to changes in

plant species composition from the coast to the Willamette valley

margin. Northern pygmy owls were more abundant on the northern

study sites, and were correlated positively to densities of bigleaf

maple. Bigleaf maple trees generally were less abundant in the drier

mixed-conifer forests of the southern Coast Range. The importance of

bigleaf maple to this species may be related to thermal or hiding

cover; it is not known if northern pygmy owls will use natural

cavities in large bigleaf maple trees for nesting. Habitat

preferences of this species are virtually unknown in North America,

so this is a new finding that needs further exploration.

The general lack of success in explicitly defining bird-

habitat associations suggests that cavity-nesting bird densities

were not well predicted by the vegetative and geographic variables

used in my study. Difficulties in relating bird abundance to habitat

characteristics have been documented previously (Raphael and Barrett

1983, Smith and Connors 1986, Hejl 1987, Mariani 1987, Morrison et

al. 1987a, Lundquist 1988). Reasons for this could be related to

many factors including changes in bird abundance between 1985 and

1986, the type of variables collected and the scale on which they

were measured (sampling scale), variability in species responses to

habitat parameters, and incomplete sampling along an environmental

gradient (Van Horne 1983, Best and Stauffer 1986).
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Morrison et al. (1987a) found that regression models were

unsuccessful in predicting variation in bird abundance between

years. Bird populations vary in space and time and are not static

with habitat parameters; therefore natural variations in bird density

complicate interpretation of bird-habitat associations (Wiens 1981).

Habitat relationships can be easier to detect when bird abundance is

below saturation levels (Fretwell 1972, Wiens 1981, Rosenzweig 1985,

Hejl 1987); I discovered stronger correlations between bird densities

and physiognomic or geographic variables in 1986 when cavity-nesting

birds were less abundant.

Sampling scale and type of variables measured may also have

contributed to lack of success in explicitly defining bird-habitat

associations. Wiens and Rotenberry (1981) and Anderson (1981)

demonstrated that macro-habitat features such as habitat size

(geographic scale), canopy volume, and tree density were most often

correlated to bird abundance, whereas micro-habitat features such as

log cover and snag density were rarely important in regression

models. They suggested that detailed micro-habitat features need to

be sampled explicitly to provide reliable explanations of variations

in species abundance. I attempted to implement the above

recommendations by viewing the vegetation characteristics measured in

this study on 2 scales: individual VCP plot and stand averages.

However, results of regression and correlation analyses at the VCP

plot level explained low or insignificant amounts of variation in

species abundance. The high variability in vegetation

characteristics, including complex gradients of patchiness and
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structure, prevented discovery of distinct patterns in densities of

cavity-nesting species. At the stand average level some bird-habitat

associations were discovered, although use of mean habitat

characteristics may have masked more explicit relationships.

In addition, the systematic collection of vegetation data at

VCP plots rather than at occupied sites such as singing perches,

foraging sites and nest areas may have precluded identification of

habitat preferences (James 1971, Best and Stauffer 1986, Larson and

Bock 1986). Intensive species-specific studies (organism-centered

approach) have been more successful than community-level approaches;

I was able to demonstrate specific habitat preferences at the nest-

site level by centering plots at nest trees (see chapter 2). I may

also have measured the wrong habitat variables, quantified them at an

inappropriate scale, or used an inadequate (small) plot size for

identifying important vegetative features (Beedy 1981). Recent

studies have demonstrated that gross habitat structure will influence

bird community structure on a broad, between-habitat scale but plant

composition is more important on a within-habitat scale (Rice et al.

1984, Rotenberry 1985). In general, I measured gross vegetation

variables (i.e. shrub cover) and not plant species composition in

each site.

Bird species detected with lower frequency will respond less

consistently to habitat characteristics (Best and Stauffer 1986);

this variability in species' responses to habitat parameters may also

have influenced my results. Woodpeckers are wide ranging species

that have larger territory sizes than encompassed by habitat sampling
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at VCP stations in each stand (2.4 ha). The home-range size of

pileated woodpeckers (480 ha, Mellen 1987) far exceeds the maximum

stand size (51 ha) in this study, while that of red-breasted

sapsuckers (40 ha, Raphael and White 1984) is larger than the mean

stand size (29 ha). In fragmented areas, such as the Oregon Coast

Ranges, the interspersion of stand types within home ranges of

excavator species may influence their populations; however, studies

at individual stand levels preclude determination of potential

landscape effects. Attempting to correlate small-scale, macro-

habitat features to woodpecker occurrence is difficult, if not

impossible, without evaluation on a home-range scale (Wiens 1981,

Best and Stauffer 1986). In this study, habitat characteristics

were correlated more often (between years and analyses) with

densities of brown creepers and chestnut-backed chickadees, perhaps

because these species have small home ranges and were tied more to

the scale of vegetation sampling.

The lack of strong correlations between bird densities and

habitat characteristics may also be related to incomplete sampling

along habitat gradients (Best and Stauffer 1986) or threshold levels

of snags. The study sites selected in this project were unmanaged,

Douglas-fir forests created in many cases by wildfire and natural

seeding processes. The unmanaged nature of these stands allowed for

overlap in characteristics between forest ages; the oldest young

forests resembled the youngest mature forests in stand structure and

density of snags, while older mature forests were similar to young

old-growth in tree size and vertical profile. In addition, densities
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of large decay class 3 snags were similar in all forest ages. The

similarity in vegetative structure among stand types created a

continuum of forest habitat that represented an incomplete

environmental gradient. Densities of snags may have been above the

threshold level of influence on populations of cavity-nesting birds

in all stand types, thus preventing consistent correlations with this

structural feature. Excluding managed forests from my study may have

truncated extreme values from a continuum of low to high snag

densities, creating inconsistent correlations between densities of

cavity-nesting birds and snags. Studies that have compared distinct

habitats such as managed to unmanaged forests or sites with high and

low snag densities, have discovered significant correlations between

cavity-nesting bird abundance and snag density, snag size diversity

or mean snag diameter (dbh) (Mannan et al. 1980, Raphael and White

1984, Madsen 1985, Zarnowitz and Manuwal 1985). Other studies

comparing extreme values from clear-cuts to forests (Balda et al.

1983, Szaro and Balda 1986) and within different habitat types (Noon

et al. 1980, Rice et al. 1984) have also discovered significant bird-

habitat relationships.

In studies of bird communities, the structure of the vegetation

is often explored in a "niche-gestalt" (James 1971) approach for

describing bird species responses to available habitat or food

resources (Cody 1974, Rotenberry 1981). Although habitat acts as a

template for proximate ecological strategies, studying bird species

relationships to habitat structure or plant species composition may

not provide answers to ultimate bird community structure
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(reproductive success, food availability and accessibility). A

combination of knowledge of proximate bird-habitat relationships and

dynamics of biotic interactions with the rest of the community are

necessary for discovering bird community structure (MacArthur 1972,

Anderson 1981, O'Conner 1981). Other ecological controls of bird-

habitat selection, such as competition (inter- and intraspecific),

predation, environmental factors, spatial and temporal variation in

food availability, and nest-site availability must also be explored

(Anderson 1981, Wiens and Rotenberry 1981, Balda et al. 1983, Szaro

and Balda 1986, Hejl 1987), as they may or may not be correlated with

community-level habitat and geographic variables (Van Horne 1983).

Implications to Forest Management

Differences discovered in bird abundances and snag densities

among stand types in this study may be more pronounced in stands

under intensive timber management. Management of forest stands on

rotation ages of less than 80 years and continued harvest of old-

growth forests is creating a mosaic of clear-cuts and young forests.

In contrast to unmanaged stands, the lower availability of large

snags in these forests may limit the abundance of cavity-nesting

birds at both the macro- and micro-habitat levels. In addition, if

young, unmanaged stands represent sub-optimal habitat then the

managed forests of the future may greatly influence the survival and

reproductive success of cavity-nesting bird populations. Continued

monitoring of cavity-nesting birds in light of increased forest

fragmentation is necessary to ensure that nesting and foraging
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requirements are being met for all species at macro- and micro-

habitat scales.

My lack of success in relating densities of cavity-nesting

birds to habitat and geographic characteristics emphasizes the

necessity for extreme care in designing avian community studies.

Subtle changes in bird species responses to micro-habitat features

suggests the need for intensive species-specific studies at nest

sites (see chapter 2), foraging areas or singing perches, as opposed

to general habitat associations at the community level. Discerning

definitive bird-habitat relationships is necessary for successful

wildlife-habitat management.
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PART II

NEST-TREE AND NEST-SITE CHARACTERISTICS OF CAVITY-NESTING
BIRDS, OREGON COAST RANGES

INTRODUCTION

Snags, or standing dead trees, are naturally occurring

structural components that contribute to the diversity of western

coniferous forests (Franklin et al. 1981). The value of snags for

the successful nesting, feeding, and roosting of cavity-nesting birds

has been widely documented in the Pacific Northwest (Jackman 1974,

Bull and Meslow 1977, Bull 1978, Thomas et al. 1979, Mannan et al.

1980, Madsen 1985, Neitro et al. 1985, Zarnowitz and Manuwal 1985,

Mellen 1987, Lundquist 1988). In Douglas-fir forests of western

Oregon, snags provide essential habitat to 39 species of cavity-

nesting birds (Neitro et al. 1985).

Changes in the pattern of abundance of cavity-nesting birds are

known to occur in response to intensive forest management practices

(Haapanen 1965, Balda 1975, Conner et al. 1975, Bull and Meslow 1977,

Scott 1979). Over the last century, the harvesting of old-growth

forests, forest fire control, and the increasing emphasis on thinning

and shorter rotation ages has created a paucity of snags in western

Oregon (Cline 1978). The potential adverse effects of declining snag

abundance has prompted land management agencies to establish snag

management guidelines. For example, in Region 6 (the National

Forests in Oregon and Washington), management requirement (MR)
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guidelines have been established to maintain self-sustaining

populations of primary cavity-nesters on commercial forest lands

(USDA Forest Service 1985). The current and most widely used

strategy of snag management under MR guidelines includes retention or

creation of snags during harvests, with emphasis on snag sizes and

numbers preferred by cavity-nesting species (based on

recommendations from Thomas et al. 1979, Bull et al. 1980, Mannan et

al. 1980, Cimon 1983, Neitro et al. 1985). While recent studies have

demonstrated that retention of snags in clear-cuts results in higher

numbers of cavity-nesting birds than areas without snags (Marcot

1983, Morrison and Meslow 1983, Schreiber 1988), this strategy may

not be meeting the requirements of all species, particularly those

associated with interior forest habitats. Little information is

available on the nest-site and micro-habitat relationships of cavity-

nesting birds, including the influence of surrounding vegetation on

snag use.

The purpose of this study was to describe the nest-tree and

nest-site characteristics of cavity-nesting birds and to determine

nest-tree and nest-site habitat preferences. These data were used to

provide management guidelines for cavity-nesting birds in Douglas-fir

forests of western Oregon.
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STUDY AREA

The study area was located in the central Oregon Coast Range

from Marys Peak, Benton Co., south to the middle fork of the Coquille

River, Coos Co. (Figure 1). The study sites were managed by the

Bureau of Land Management (Coos Bay, Eugene, Roseburg, and Salem

Districts), the Siuslaw National Forest (Alsea and Waldport

Districts), various corporations and the City of Corvallis.

The climate of the Oregon Coast Ranges consists of cool, wet

winters and warm, dry summers. Mean temperatures vary from 00 C in

the winter to 240 C in the summer (Franklin and Dyrness 1973).

Annual precipitation, primarily in the form of rain, ranges from 150

to 300 cm (Franklin and Dyrness 1973). The region is characterized

by rugged mountainous terrain, with steep slopes and deeply cut

river and creek drainages. Elevation of the study sites ranges from

50 to 1100 m.

The central Oregon Coast Range lies within the western hemlock

(Tsuga heterophylla) zone and is dominated by the early seral

species, Douglas-fir (Pseudotsuga menziesii) (Franklin and Dyrness

1973). Numerous wildfires and extensive clear-cutting has prevented

the development of late successional stands dominated by western

hemlock (Franklin and Dyrness 1973, Franklin and Hemstrom 1981). The

mild, maritime climate and nutrient-rich, deep soils have created

ideal conditions for the rapid growth of large trees (Franklin and

Waring 1980). Because of the tremendous productivity, the Coast

Ranges have been intensively managed for timber under even-aged
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management regimes since the early 1900's. At present, the landscape

is a mosaic of young (<80 yrs) and mature (80-200 yrs) Douglas-fir

stands. Old-growth (>200 yrs) forests are relatively scarce and have

been eliminated entirely over large areas. Remnant old-growth stands

are small, averaging 28 ha in size (Harris 1984:32).
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METHODS

Study Sites

Forty-seven forest stands dominated by Douglas-fir were selected

in three age classes, including 9 young (40-80 yrs), 9 mature (80-200

yrs), and 29 old-growth (>200 yrs) stands (Spies et al. 1988).

Individual sites were chosen on the basis of age, stand structure,

vegetative composition, and history of site disturbance. Stands with

a large deciduous or riparian component and with an overall area of

less than 12 ha were avoided. Small scale heterogeneity and uneven-

aged stand structure were characteristic of the old-growth sites.

Young and mature sites originated from catastrophic disturbances

(fire and in 5 cases clearing or clear-cutting), resulting in even-

aged stand structures that were densely stocked with Douglas-fir.

Forest management activities were absent in these study sites, with

the exception of 1 mature and 2 young stands, where some thinning had

occurred.

Nest Surveys

In 1985, field crews searched 45 stands for nests of all cavity-

nesting bird species. In 1986, only 31 of these stands were sampled;

small stand size, steep, fragile slopes, and site inaccessibility

precluded effective sampling in 14 areas. To partially compensate

for loss of study sites, 2 additional old-growth sites were sampled

to bring the 1986 total to 33 stands (Appendix 1).
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Field crews conducted systematic searches from 30 April- 4 July.

Study sites were divided into 4-8 equal-sized blocks; search time

within each block was uniform to standardize survey efforts (equal

effort/ha). Active nests were determined by the presence of young

calling from the nest or adults entering the cavity to incubate eggs

or feed young. Habitat measurements were collected after the young

fledged.

Nest-Tree and Nest-Site Habitat Characteristics

I visually determined and estimated the following variables at

each nest: tree species, tree condition (live or dead), top condition

(broken or intact), decay evidence (presence or absence) (McClelland

1977), cavity size (entrance diameter, cm), diameter (dbh, cm) at the

nest cavity, bark cover (%), number of limbs, presence of needles,

number of additional nest cavities, and woodpecker feeding sign

(presence or absence). Decay class was recorded in 3 categories

(modified from Cline et al. 1980) (Appendix 2); decay classes 2 and

3, and 4 and 5 were combined into classes 2 and 3, respectively.

Diameter at breast height (dbh, cm) was measured with a dbh tape.

Tree height (m) and cavity height (m) were determined with a

degree/percent clinometer. A compass was used to record nest hole

orientation or aspect. All nests were photographed, marked with

metal tags and mapped for future reference.

I measured vegetative characteristics at nest sites within

nested circular plots of 0.05 ha (13-m-radius) and 0.2 ha (25-m-

radius), which were centered at the nest tree. Percent cover of
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herbs, ferns, shrubs (<2 m height), and understory and midstory

vegetation (2-15 m) were determined visually within the 0.05-ha plot.

Woody debris (logs) (>10 cm dbh) that projected into the plot was

measured with a meter tape and classified into 3 decay classes

(modified from Franklin et al. 1981). Percent log cover (m2/ha) in

each plot was calculated from measurements of log length and width.

Midstory (trees not entering the dominant canopy) and canopy

cover were measured along four 25-m transects in the cardinal

directions. In a modification of Emlen's (1967) technique, I

recorded percent cover at 4 intervals along each transect using a

vertical sighting tube (4 cm in length). An average of the 16

measurements provided estimates of percent canopy cover within the

0.2-ha plot. Deciduous and coniferous cover were recorded

separately. Average height of canopy trees (m) was measured with a

clinometer.

I noted tree species and diameter for each tree (dbh >10 cm) and

snag (dbh >10 cm, height >2 m) within the 0.2-ha plot. Decay class,

height, top condition, number of limbs and cavities, and feeding sign

were also recorded for each snag. General site characteristics

included aspect, slope(%), distance (m) from the nest tree to the

stand edge (change or discontinuity in forest type) and nearest

surface water, and presence or absence of a supercanopy. A

supercanopy is a sparse overstory of large trees that can occur in

young forests, where remnant trees remain from the previous stand, or

.in open areas or gaps in old-growth forests. Distance to nearest
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surface water and stand edge was determined with topographic maps

(1:24,000) where necessary.

Study Area Habitat Characteristics

Snag Transects

For the purpose of this study, a snag was defined as any

standing dead tree that was >10 cm in diameter and >2 m in height.

Snag decay condition was recorded in 3 decay classes (modified from

Cline et al. 1980) (Appendix 2) as described in the nest-tree

characteristics methods.

Systematically located fixed-width (30-m-wide) transects, 700 to

1100 m in length, were used to determine snag composition and

density in each study site (Brush et al. 1983). Snags were divided

into three size classes: 1) 10-19 cm, 2) 20-49 cm, and 3) >50 cm.

Diameter and decay class were recorded for all snags, but other

descriptive information including species, height (m), number of

limbs and cavities, bark cover (%), top condition (broken or intact),

and feeding sign (presence or absence) was collected only for the

first 5 snags in dbh classes 1 and 2 encountered within each 100 m of

the transect; all snags in diameter class 3 were described. The

reason for limiting the characterization of smaller snags was to

avoid unnecessary, excessive collection of data.

Random Plots

The stand structure and vegetation composition of available

habitat was determined by establishing nested circular plots of 0.05

ha (13-m-radius) and 0.2 ha (25-m-radius) in each study site. Seven
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to 12 sampling plots were systematically located at 100 m intervals

in each stand; configurations varied with stand shape. All plots

were >75 m from roads or edges of adjacent habitat.

The same information was recorded for the nested circular plots

as the nest-site plots. The methods of data collection varied

slightly, however. An octave scale with 7 cover classes was utilized

to classify ocular estimates of percent cover: 0=0%, 2=<2%, 4=2-6%,

8=7-120, 16=13-24%, 32=25-48%, 64=>49%o. In addition, coniferous

trees were recorded in 3 size classes: 10-49 cm, 50-99 cm, and >100

cm dbh, while all deciduous trees were lumped into 1 diameter class

(>10 cm dbh).

Statistical Analysis

Means, standard errors and ranges were calculated for nest-

tree and nest-site characteristics of each cavity-nesting species,

and for species lumped into groups of primary and secondary cavity-

nesters. Interspecific and intergroup differences in means were

analyzed with: 1) a Kruskal-Wallis analysis of variance and Student-

Newman-Keuls mean comparison test (when the ANOVA was significant)

for multi-group comparisons and 2) a Mann-Whitney U-test (continuous

variables) and a Chi-Square analysis (categorical variables) (Zar

1984) for comparisons between primary and secondary cavity-nesting

species (SAS Institute, Inc. 1987). Multiple comparison tests based

on sample size in each group were used, rather than the harmonic mean

available in most computer programs, to accurately compare means from

uneven sample sizes (Gibbons 1976). Similar analyses were run to
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determine within-species or between group differences among stand

types. Individual nest-tree and nest-site characteristics for

species with <9 nests were presented in tables and figures, but were

excluded from most discussions in text because of small sample sizes.

However, species with >1 nest were included in group comparisons

(primary v.s. secondary cavity-nesters) and overall means.

I calculated the average number of nests located per stand in

each year, and the mean density (no/km2) of nests for both years

combined. A series of Kruskal-Wallis ANOVA's and mean comparison

tests (Student Newman-Keuls) among species and between groups of

primary and secondary cavity-nesters were run to determine stand type

preferences.

Variables were tested for normality (Zar 1984), skewness, and

kurtosis (SAS Institute, Inc. 1987). Most variables were normally

distributed or approximated normality (correlation with the normal

probability plot > 0.80). However, data transformations (1og10(X+1),

cubic, quadratic, square root) were unsuccessful in altering skewed

distributions of non-normal variables. Therefore, nonparametric

procedures were employed, and multivariate analyses were used as a

descriptive tool (Johnson 1981).

Discriminant function analysis (SPSS, Inc. 1986) was used to

compare differences in nest-tree and nest-site characteristics among

bird species (with >10 nests), and to available snags and random

habitat plots, respectively (Conner and Adkisson 1976, Bull 1980,

Raphael 1981, Harris 1982, Raphael and White 1984). These analyses

were run for each bird species, stand type, and within and between
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groups of primary and secondary cavity-nesters. A select group of

snag and habitat variables were used in each analysis (Appendix 12).

I attempted to minimize the influence of sample size on the relative

positions of groups in canonical space. Group sample sizes were at

least 3 or 5 times as large as the number of variables used in the

nest-site (with 2 exceptions) and nest-tree comparisons, respectively

(Williams 1981, Williams 1983, Morrison 1984, Williams and Titus

1988).

Pearson correlation matrices (SAS Institute, Inc. 1987) were

used to identify significant correlations (r > 0.70) between

variables. The variable with the lowest F-value (ANOVA) or least

descriptive utility in a correlated pair was eliminated prior to

entry into the discriminant analysis. Both transformations of

variables and creation of stratified random samples to equalize

sample sizes (in used and available groups) were unsuccessful in

improving the equality of covariance matrices, so analyses were run

on original data (Williams 1981, Morrison 1984).

Stepwise discriminant function analyses were performed using

Wilks' method (SPSS, Inc. 1986). The significance of each

discriminant function was evaluated based on Wilks' Lambda Chi-square

statistic, homogeneity of covariance matrices (Box's M-statistic),

and the pooled within-group correlations of the discriminating

variables with the canonical discriminant score (structure matrix)

(Williams 1981, Marascuilo and Levin 1982, Raphael and White 1984).

Classification techniques (SPSS, Inc. 1986), based on the same data

set used to compute the discriminant function, were used to determine
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the success of the analysis in correctly classifying cases according

to actual group membership. The square of the canonical correlation

values were used to evaluate the percent variation in the variables

accounted for by group differences.

Species-specific preferences or selection of habitat variables

were determined using the Bonferroni Z-statistic (Neu et al. 1974).

The proportional use of nest-tree and nest-site variables was

compared with the proportion available. It was assumed that all

habitat characteristics were equally accessible to each bird species.

Availability of snags by size (height) and descriptive categories

(percent bark, number of limbs, snag species) were corrected to

compensate for measuring a higher percentage of large (>50 cm dbh)

snags; the distribution of small and medium snag characteristics

measured were assumed to represent all available snags in similar

size classes. To meet the restrictions of minimum sample size,

habitat use was determined only when at least one expected

observation occurred in each category, and when less than 20% of the

categories had fewer than 5 expected observations (Neu et al. 1974).
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RESULTS

Nest-Tree Characteristics

A total of 277 active nests of 6 primary (46%) and 3 secondary

(54%) cavity-nesting species were located in 1985 and 1986 (Table

12). Nests were found on 37 of 47 study sites, including 38 in

young, 71 in mature and 168 in old-growth stands. The mean number of

nests per stand varied between years and among stand types. In 1985,

more nests were located in mature stands (3.4 nests/stand), than in

old-growth stands (1.5 nests/stand) and young stands (0.9

nests/stand). In 1986, more nests were located (in all stand types)

than in 1985. Old-growth sites contained the highest number of nests

(6.3 nests/stand), followed by mature and young sites (5.7 and 4.3

nests/stand, respectively).

Mean densities of all nests did not differ among stand types (X

mature 35.7/km2, X old-growth = 21.7/km2, X young = 20.6/km2; F =

0.22, P = 0.81, Kruskal-Wallis ANOVA) (Table 12). Results were

similar when species-specific densities of nests were compared among

stand types; no differences in nest occurrence among stand ages were

found for the 9 cavity-nesting species (F's < 1.50, P > 0.05,

Kruskal-Wallis ANOVA), or groups of primary and secondary cavity-

nesting species (F's < 0.21, P > 0.05, Kruskal-Wallis ANOVA).
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Table 12. Number (mean density, no/km2 + SE) of active nests of cavity-nesting birds by
stand type in the Oregon Coast Ranges, 1985 and 1986.

Bird
Distribution of nests by stand type

Speciesa
species
code

Old-Growth
(N=29)

Mature
(N=9)

Young
(N=9)

Overall
species
total

Primary Cavity-Nestersb

Northern flicker NOFL 8 1 0 9(Cotaptes auratus) (1 1 + 0 5) (0 3). . .

Pileated woodpecker PIWO 5 1 0 6(Dryocopus pileatus) 6 + 0(0 3) (0 7). . .

Red-breasted sapsucker RBSA 21 8 1 30
(Sphyrapicus ruber) (2.7 + 0.7) (4 1 + 3 3) (0 4). . .

Hairy woodpecker HAWO 11 10 2 23(Picoides viltosus) (1 4 + 0 5) 8 + 2(4 4) (1 1 0 8). . . . . .±
Downy woodpecker DOWO 1 0 0 1(Picoides pubescens) (0 1).

Red-breasted nuthatch RBNU 27 17 15 59(Sitta canadensis) (3 7 + 0 9) (7 8 + 4 6) (8 9 + 5 5. . . . . . )

Secondary Cavity-Nestersc

Northern pygmy owl PYOW 2 0(Glaucidium gnome) (0 1) (0 7 + 0 7). . .

Chestnut-backed chickadee CBCH 66 18 12 96(Parus rufescens) (9.0 + 2 4) 7 + 5(9 7) (5 2 + 2 3). . . . .

Brown creeper BRCR 28 14 8 50(Certhia americana) (3 4 + 1 1) (7 2 + 2 8) 1 + 3(5 2. . . . . . )

Total Primary Cavity-Nesters 73 37 18 128
(9.6 + 2.3) (17.6 + 10.8) (10.4 + 5.3)

Total Secondary Cavity-Nesters 95 34 20 149
(12.4 + 3.4) (18.1 + 9.3) (10.2 + 4.4)

Overall Total 168 71 38 277
(21.7 + 5.4) (35.7 + 19.5) (20.6 + 8.8)

a Bird names follow American Ornithologists, Union (1982).
b Excavators: species that excavate their own nests cavities. RBNU occassionallyuses existing holes.
c Non-Excavators: species that utilize existing cavities for nesting. CBCH

occassionally excavate their own nest cavities.
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Comparisons Among Species

The discriminant function analysis (DFA) identified 3 variables

that contributed to differences in nest-tree characteristics among 5

cavity-nesting species (northern flickers, pileated woodpeckers,

downy woodpeckers and northern pygmy owls were not included because

of small sample sizes). Although the discriminant function explained

a significant amount of among-species variation (Wilks' Lambda =

0.78, P < 0.001; Box's M- statistic = 80.3, P > 0.001), overall group

classification (33%) was poor, indicating overlap in nest-tree

characteristics among species. Similar results were found in

comparisons among the three most abundant primary cavity-nesters and

between primary and secondary cavity-nesters (Wilks' Lambda < 0.89, P

< 0.001; Box's M-statistic < 30.9, P < 0.001; percent correctly

classified < 39%). Only a comparison between chestnut-backed

chickadees and brown creepers resulted in useful discriminant

functions; chestnut-backed chickadees nested in significantly larger

diameter snags than brown creepers (Wilks' Lambda = 0.89, P < 0.001;

Box's M-statistic = 0.01, P = 0.97; percent correctly classified =

65%).

These multivariate analyses demonstrated that all species

selected similar nest trees with respect to the habitat variables

measured, and that differences among species were indeed subtle. I

may, however, have missed some important differences by limiting my

analyses to a select group of continuous variables. Therefore, I

used univariate statistics to search for differences among species

with discrete nest-tree variables (tree species and decay class). In
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addition, because the discriminant analyses were significant, I used

univariate statistics to describe any subtle differences among

species, and between primary and secondary cavity-nesters with

important continuous variables (tree diameter, tree height, bark

cover, number of limbs). Pileated woodpeckers and northern pygmy

owls were included in group comparisons (primary v.s. secondary

cavity-nesters) and overall means, however summaries of individual

nest-tree characteristics of these species and the downy woodpecker

were excluded from most discussions in text because of small sample

sizes.

Cavity-nesting birds used a variety of tree species for nesting;

however, most (80%) nests were located in Douglas-fir trees (Table

13). Other tree and snag species used frequently included grand fir

(Abies grandis) (6%), western red cedar (Thula plicata) (3%), noble

fir (Abies arocera) (3%), and bigleaf maple (Acer macrophvllum) (3%).

Nests in live trees and snags occurred in similar tree species,

although a greater proportion (30%) of nests in live trees were found

in bigleaf maple and western red cedar compared with snag nest trees

(4%). Northern flicker and hairy woodpecker nests were found

exclusively in Douglas-fir and grand fir; whereas I found other

cavity-nesting birds using a variety of tree species. I located

nests in all available snag and tree species, except Pacific dogwood

(Cornus nuttallii), Pacific yew (Taxus brevifolia), Oregon myrtle

(Umbellularia californica), and canyon live oak (Ouercus

chrysolepis); these species are generally'<15 cm in diameter and not

large enough for excavation of cavities.



Table 13. Numbers of cavity-nesting bird nests by tree species and condition (N = 277).

Speciesa

Tree Species NOFL PIWO RBSA HAWO DOWO RBNU PYOW CBCH BRCR ALL
Condition (N=9) (N=6) (N=30) (N=23) (N=1) (N=59) (N=3) (N=96) (N=50) (N=277)

Douglas-Fir
Live 3 0 3 2 0 4 0 4 4 20
Dead 3 3 19 15 0 43 2 82 34 201

Grand Fir
Live 0 0 0 0 0 0 0 0 1

Dead 3 2 3 0 3 0 0 1 17

Western Red Cedar
Live 0 0 0 0 0 0 0 0 5 5

Dead 0 0 0 0 0 0 1 2 1 4

Bigleaf
Live

Maple
0 0 1 3 0 0 0 1 0 5

Dead 0 0 0 0 0 2 0 1 1 4

Other Evergreen
Liveb 0 1 0 0 0 0 0 1 0 2

Deadc 0 0 1 0 1 6 0 5 3 16

Other Deciduousd
Deade 0 0 0 0 0 1 0 0 1 2

a NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, DOWO =
Downy woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backed chickadee, BRCR = Brown
creepgr.

Includes incense-cedar (Calocedrus decurrens), western hemlock.
C Includes incense-cedar, noble fir (Abies procera), Sitka spruce (Picea sitchensis), golden chinkapin, Pacific madrone,

unknon.
No live deciduous trees used.

e Includes red alder (Alnus rubra), Oregon white oak (Quercus garryana).

1

5
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I located most (70%) nests in decay class 2 snags (Table 14) and

noted signs of decay, including conks (primarily of the genus Fomes,

17%); soft, exposed heartwood-(28%); ant dust at the base of the tree

(4%); or a combination of decay signs on 56% of the nest trees.

Secondary cavity-nesters used a greater proportion (22 v.s. 9%) of

the soft snags in decay class 3 and more snags with decay sign than

primary cavity-nesters (X2 = 9.55, df = 4, P < 0.05). Similarly,

secondary cavity-nesters nested in trees with less bark and fewer

branches (Mann-Whitney U-statistic > 1.99, N = 276, P < 0.05) (Table

15). This result is reflected in the use of decay class 3 snags by

chestnut-backed chickadees and brown creepers. In contrast, hairy

woodpeckers and northern flickers demonstrated their preference for

harder, less decayed snags by avoiding decay class 3 snags entirely

and nesting predominantly (57-67%) in trees without evidence of decay

(Table 14). Other primary cavity-nesters (red-breasted sapsuckers

and red-breasted nuthatches) occasionally used softer snags but in

lower proportions than harder classes.

All cavity-nesting birds used relatively large snags and trees

for nesting; the mean diameter of nest trees was 94 cm (Table 15).

Red-breasted sapsuckers nested in trees with the largest diameter (X

= 113 cm), and northern pygmy owls used trees with the smallest

diameter (X = 54 cm). Nests of chestnut-backed chickadees and red-

breasted sapsuckers were located in significantly larger trees than

hairy woodpeckers, red-breasted nuthatches and brown creepers

(Student-Newman-Keuls mean comparison test, P < 0.05).
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Table 14. Distribution of nests of primary and secondary cavity-
nesting species by snag decay class (N=244).

Snags by decay classa

Speciesb

Primary Cavity-Nesters

NOFL (N = 6)

PIWO (N = 5)

RBSA (N = 25)

HAWO (N = 18)

DOWO (N = 1)

RBNU (N = 55)

Secondary Cavity-Nesters

PYOW (N = 3)

CBCH (N = 90)

BRCR (N = 41)

1 2 3

1 5

0 5

3 18

3 15

0 1

7 41

0 3

11 55

3 29

0

0

4

0

0

7

0

24

9

Total Primary
Cavity-Nesters (N = 110) 14 85 11

Total Secondary
Cavity-Nesters (N = 134) 14 87 33

Overall Total (N = 244) 28 172 44

a Snag decay classes: modified from Cline et al. (1980), see
Appendix 2.

b NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-
breasted sapsucker, HAWO = Hairy woodpecker, DOWO = Downy woodpecker,
RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, CBCH =
Chestnut-backed chickadee, BRCR = Brown creeper.



Table 15. Mean characteristics of nest trees of cavity-nesting species (N = 277).

Diameter Height Diameter at Cavity Cavity

(DBH, cm) (m) Cavity (cm) Height (m) Size (cm) Bark (%) Limbs (#)

X + SE X + SE X + SE X + SE X + SE X + SE X + SE

Speciesa Nb (Range) (Range) (Range) (Range) (Range) (Range) (Range)

Primary Cavity-Nesters

NOFL 9 95.8 + 10.0 ABC 38.6 + 3.2 46.2 + 4.6 BC 35.6 + 3.6 A 7.4 + 0.6 AB 87.7 + 7.3 24.8 + 4.7

(56-160) (17-51) (32-76) (17-48) (3-9) (35-99) (6-58)

PIWO 6 67.0 + 8.3 AB 26.5 + 6.0 46.3 + 2.4 ABC 16.7 + 2.2 ABCD 11.0 + 1.6 AB 92.7 + 6.3 15.0 + 7.8
(47-105) (14-54) (39-53) (11-24) (7-16) (61-99) (0-45)

RBSA 30 113.0 + 9.8 A 33.7 + 2.4 61.3 + 5.0 AB 26.6 + 2.1 AB 3.8 + 0.2 8 69.4 + 7.4 17.5 + 2.9

(37-250) (13-56) (23-136) (8-52) (3-7) (0-99) (0-66)

HAWO 23 72.2 + 10.0 8 30.1 + 3.5 36.6 + 4.1 C 21.7 + 2.5 ABC 4.5 + 0.3 8 91.6 + 3.8 20.2 + 4.1
(23-184) (6-64) (14-95) (3-45) (3-7) (26-99) (0-68)

DOWO 1 39.0 8.0 28.0 8.0 4.0 99.0 0.0

RBNU 59 81.7 + 6.7 B 31.8 + 2.5 44.5 + 3.3 BC 23.4 + 1.7 BC 2.4 + 0.1 C 81.6 + 3.9 24.9 + 3.9

(12-200) (3-96) (8-123) (3-62) (2-4) (1-99) (0-99)

Secondary Cavity-Nesters

PYOW 3 54.0 + 1.0 18.3 + 0.7 36.0 + 4.0 6.3 + 0.7 6.0 + 1.0 68.0 + 31.0 0.7 + 0.7

(53-56) (17-19) (28-40) (5-7) (5-8) (6-99) (0-2)

CBCH 96 107.8 + 5.2 A 29.8 + 1.8 68.1 + 3.8 A 19.1 + 1.2 C 2.8 + 0.1 C 73.2 + 3.9 18.0 + 2.4
(13-215) (3-69) (9-190) (2-55) (2-9) (0-99) (0-95)

BRCR 50 83.5 + 8.1 8 29.7 + 2.1 62.7 + 7.1 ABC 12.2 + 1.4 D 21.3 + 2.0 Ad 76.2 + 4.2 21.6 + 4.1

(18-265) (5-68) (10-250) (1-46) (2-70) (0-99) (0-99) rn



Table 15. Continued

Diameter Height Diameter at cavity Cavity
(DBH, cm) (m) Cavity (cm) Height (m) Size (cm) Bark (%) Limbs (#)

X + SE X + SE X + SE X + SE X + SE X + SE X + SE
Speciesa N (Range) (Range) (Range) (Range) (Range) (Range) (Range)

Primary Cavity-Mesterse

127 87.7 + 4.5 32.1 + 1.5 47.2 + 2.2f 24.4 + 1.1f 3.9 + 0.2 81.5 + 2.7f 21.8 + 2.1f
(12-250) (3-996) (8-136) (3-62) (2-16) (0-99) (0-99)

Secondary Cavity-Nesters

149 98.5 + 4.5 29.6 + 1.4 65.6 + 3.5 16.5 + 1.0 2.9 + 0.19 74.1 + 2.9 18.9 + 2.1
(13-265) (3-69) (9-250) (1-55) (2-9) (0-99) (0-99)

Overall Meane

Available Snags

276 93.5 + 3.2 30.7 + 1.0 57.2 + 2.2 20.2 + 0.8 3.5 + 0.39 77.5 + 2.0 20.2 + 1.5
(12-265) (3-996) (8-250) (1-62) (2716) (0-99) (0-99)

4848 51.7 + 0.6 11.3 + 0.2 63.4 + 0.6 3.4 + 0.2h
(10-236) (2-85) (0-99) (0774)

a NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, DOWO
Downy woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, CBCH = Chestnut-backed chickadee, BRCR = Brown

creeper.

b Caution should be taken in making conclusions about species with small sample sizes (N < 6).

C Within each column, means with the same letter are not significantly different (P < 0.05, Student-Newman-Keuls
Mean Comparison Test). Analysis performed only for variables with significant F-values (P < 0.05, Kruskal-Wallis ANOVA).
DOWO and PYOW not included in these analyses.

d Size of space or crack in bark where nest was built.

e DOWD not included in overall means.

f Mean values for primary and secondary cavity-nesters differ significantly (P < 0.05, Mann-Whitney U-Test).

9 Does not include BRCR.

h N = 1760.
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Primary and secondary cavity-nesters nested at different

diameters and heights (Table 15). Secondary cavity-nesters used

cavities at lower heights and, in most cases, larger diameters than

primary cavity-nesters (Mann-Whitney U-statistic >3.75, N = 276, P <

0.001). The frequent use of low cavities by brown creepers (and

northern pygmy owls) explain this result. In contrast, northern

flickers and red-breasted sapsuckers nested in higher cavities, often

excavated near the top of the snag, than other species (Student-

Newman-Keuls mean comparison test, P < 0.05).

Nest-Tree Selection

Discriminant function analyses (DFA) revealed significant

differences between characteristics of nest snags of each species

(excluding northern flickers, pileated woodpeckers, downy

woodpeckers, and northern pygmy owls) and available snags across

stand types. Three of four variables used in these analyses

(Appendix 12) discriminated between nest and non-nest snags, based on

their entry into the stepwise procedure (Wilks' Lambda < 0.72, P <

0.001; Box's M-statistic < 794.3, P > 0.001) (Table 16). The DFA

demonstrated that snag height best distinguished nest snags from

available snags for each species (except red-breasted nuthatches) and

all species pooled. The number of limbs and snag diameter were also

important discriminating variables. Therefore, nest trees were

taller, larger in diameter, and had more limbs than available snags.

These analyses correctly classified 83-90% of the nest and non-nest

snags.



Table 16. Results of a 2-group discriminant analysis comparing nest trees (N = 230)a to
available snags (N = 1760) by species for variables entered into the stepwise analysis.b

Correlations of Variables with Discriminant Scoresc
Speciesd

Species
RBSA HAWO RBNU CBCH BRCR Combined

Variablee (N=24) (N=18) (N=53) (N=86) (N=38) (N=230)

Height (m) 0.88 0.94 0.83 0.81 1.00 0.93

Diameter (dbh, cm) 0.61 0.34 0.67 0.56

No. Limbs 0.52 0.69 0.86 0.62 0.66

% Correctly Classifiedf
Nest snags 75.0 55.6 45.3 66.3 73.7 60.9

Avialable snags 90.7 87.6 90.6 88.5 83.6 88.2
All snags 90.5 87.2 89.6 87.5 83.4 85.1

Square Canonicalg
Correlation (%) 9.2 4.9 15.6 18.6 5.1 27.8

a Does not include Northern pygmy owl, Downy woodpecker, live nest tress or nest-
trees breused by the same species in successive years.

Based on Wilks' Lambda (P < 0.001).
c Correlation of the variable (e.g. diameter) with the discriminant function (e.g.

strucure matrix).
RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, RBNU = Red-breasted

nuthatch, CBCH = Chestnut-backed chickadee, BRCR = Brown creeper.
Includes variables entered into the stepwise discrimination analysis. Bark cover

(%) wvs the only non-discriminating variable.
Percentage of nests and available snags correctly identified as distinct groups;

higher values indicate lower similarity.
A measure of the percent variation in the variables accounted for by group

differences.
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Because of the similarity in nest-tree characteristics among

species, I combined all cavity-nesting birds to compare use versus

availability of nest trees. As expected, most nests were located in

snags (88%, N = 277). Based on the relative availability of snags

and live trees, snags were selected in greater proportion to their

availability (X2 = 455, df 1, P < 0.001); however, not all snag

species were used to the same extent. Douglas-fir snags were used

more than expected by all cavity-nesting birds (Figure 4a). "Other"

evergreens and unknown snag species (decayed beyond species

recognition) were used less than expected (P < 0.01), while all

remaining snag species were used in proportion to their availability.

In contrast to snags, live trees (N = 33) were used much less than

expected (X2 = 455, df = 1, P< 0.001), although individual tree

species were used in different proportions. Live incense cedar

(Calocedrus decurrens) and western red cedar were used more than

expected, while western hemlock was avoided; all other live tree

species. were used in proportion to their availability (Figure 4b).

Most snags used for nesting had broken tops (86%, N = 244),

which was similar to the relative availability of broken top snags

(80%). In contrast, roughly half of the live nest trees had broken

tops (52%, N = 33). Since most available live trees have intact tops

this result indicated that live trees with broken tops were strongly

preferred for nesting. All species demonstrated a similar selection

for broken top trees.

Decay class 2 snags were used significantly more than expected,

while those in decay classes 1 and 3 were avoided (X2 = 13.73, df =

=
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Figure 4. Use and availability of snags (a) and live trees
(b) for all cavity-nesting birds combined. DF = Douglas-
fir, GF = grand fir, RC = western red cedar, BM = bigleaf
maple, UN = unknown, OE = "other" evergreens (includes golden
chinkapin, pacific madrone, incense cedar, noble fir, Sitka
spruce, western hemlock), OD = "other" deciduous (includes
red alder, Oregon white oak), CE = western red and incense
cedar, WH = western hemlock. * Indicates a significant
difference between use and availability (P < 0.01, Bonferroni
Z-statistic, Neu et al. 1974).
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2, P < 0.01) (Figure 5a). I used the amount of bark and number of

limbs remaining on a snag as additional indicators of decay stage.

Cavity-nesting birds selected snags with >76% bark and >1 limb, and

avoided snags without bark or limbs (X2 = 16.21, df = 4, P < 0.01; X2

= 136.61, df = 3, P < 0.001, respectively) (Figures 5b and 5c).

These results indicate that cavity-nesting birds preferred relatively

hard snags with little decay.

Large (>50 cm) diameter trees were used most often for nesting

(73% of nests) and were used in excess of their availability for all

species combined (X2 = 202.52, df = 3, P < 0.001) (Figure 6a). In

contrast, small diameter (10-19 cm) snags were used less than

expected. Hairy woodpeckers and red-breasted sapsuckers avoided

small snags, while northern flickers did not use small or medium

sized (20-49 cm) snags (Figure 7).

The distribution of nests by size and decay class categories

revealed significant (P = 0.001) differences between use and

availability for most snag types (Figure 8). All small snags and

medium decay 1 class snags were avoided, while other medium and large

decay class 3 snags were used in proportion to their availability (P

> 0.05). Large snags of decay class 1 and 2 were preferred for

nesting. The most dramatic difference between use and availability

occurred for large decay 2 class snags which comprised 53% of all

nests (Figure 8).

Cavity-nesting birds preferred tall (>21 m) trees for nesting

(X2 = 856.3, df = 4, P < 0.001); the mean height of trees was 31 m

(range 3-96 m) (Table 15). Snags <10 m in height were most common in
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Figure 5. Use and availability of snags by decay class (a)
bark cover (b), and number of limbs (c) for all cavity-
nesting birds combined. Live nest-trees (N = 33) are not
included. * Indicates a significant difference between use
and availability (P < 0.01, Bonferroni Z-statistic, Neu et
al. 1974).



85

Figure 5

so

60-1

E 40

R
C 301
E
N 20
T

10,

I USED (N 244) RNW, MAILABLE (N 4848)

2

a. DECAY CLASS

1-26 26-60 61-76

b. BARK COVER (%)
0

1-25 26-50 51-76

c. LIMBS (#)

3

)76

)76

E
R
C 40
E
N

20



86

Figure 6. Use and availability of snags by diameter (dbh,
cm) (a) and height (m) (b) for all cavity-nesting birds
combined. Live nest-trees (N = 33) are not included.
Indicates a significant difference between use and
availability (P < 0.01, Bonferroni Z-statistic, Neu et al.
1974).
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Figure 7. Use of different sized (dbh) snags by each
cavity-nesting bird species and availability of snags by
diameter class. Live nest-trees (N = 33) are not included.
Minus signs represent size classes used significantly less
than available; plus signs represent size classes used
significantly more than available (P < 0.01, Bonferroni Z-
statistic, Neu at al. 1974).
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Figure 8. Use and availability of snags by diameter (an) and decay class (see Appendix 2) for all
species ccmbined. S = 10-19 can dbh, M = 20-49 an dbh, L = >50 an dbh. * Indicates a significant
difference between use and availability (P < 0.01, Bonferroni Z-statistic, Neu et al. 1974).
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my study sites, and availability of these short snags exceeded their

use by all cavity-nesting species (P < 0.01) (Figure 6b). Northern

flickers and red-breasted sapsuckers preferred trees >31 m tall, and

all species, except chestnut-backed chickadees, avoided snags <10 m

(Table 15).

Multiple Nest Snags

Eleven of 277 nest-trees (4%) were shared by two different

cavity-nesting species during the same year. Chestnut-backed

chickadees and red-breasted nuthatches simultaneously used snags most

often (N = 5); the former species also nested with brown creepers (N

= 1). In the other 5 cases, primary cavity-nesters (red-breasted

sapsuckers, hairy woodpeckers, pileated woodpeckers and northern

flickers) shared nest-trees with secondary cavity-nesters (brown

creepers and chestnut-backed chickadees) and red-breasted nuthatches.

Woodpecker species never nested simultaneously in the same snag.

Ten nest trees (all snags) were reused by the same species in

successive years; however, the same cavity was never utilized.

Chestnut-backed chickadees reused snags most often (N = 4), followed

by brown creepers (N = 2), red-breasted nuthatches (N = 2), red-

breasted sapsuckers (N = 1), and northern pygmy owls (N = 1). Most

of these multiple nest trees were located in old-growth stands (81%,

N = 17) in large (>50 cm dbh, X = 116.5 cm), tall (>17 m, X = 34.8

m), hard snags (81% in decay classes 1 and 2).
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Differences Among Stand Types

The discriminant function analysis revealed significant

differences between characteristics of nest trees and available snags

among stand types (Wilks' Lambda < 0.94, P < 0.001; Box's M-statistic

< 55.2, P > 0.001) (Table 17). Results were similar to the DFA

lumped across stand types; height and snag diameter were the most

important variables. Nest trees were taller and larger than

available snags in all stand types. Nest trees in the mature stands

also had more bark than non-nest trees. Overall classification rates

for nest and non-nest snags ranged from 73-90%.

Nest-tree characteristics of individual cavity-nesting species

also varied among stand types. Differences occurred primarily in

tree diameter and height; nest snags in old-growth sites were larger

and taller than in mature or young stands for 5 cavity-nesting

species (Student-Newman-Keuls mean comparison test, P < 0.05) (Table

18). Although the tallest, largest snags available were located in

old-growth stands (Student-Newman-Keuls mean comparison test, P <

0.05), use of tall (>40 m), large (250 cm) snags exceeded

availability in all stand types (P < 0.01) (Figure 9).

In general, snag and live nest-tree species were evenly

distributed among stand types (Table 19). Douglas-fir snags and live

trees were used for >65% and >57% of all nests, respectively, in all

stand types. However, a larger percentage of nests in young forests

occurred in "other" snag species compared with mature and old-growth

stands. In addition, no nests were located in grand fir snags in

young stands. Live cedar and "other" live species were used only



Table 17. Results of a 2-group discriminant analysis comparing snag nest trees (N = 230)a to
available snags (N = 1760) by stand type for variables entered into the stepwise analysis.b

Correlations of Variables with Discriminant Scoresc
Stand Type

Old-Growth Mature Young

Available Nest Available Nest Available Nest
Variabled (N = 847) (N = 138) (N = 540) (N = 57) (N = 373) (N = 35)

Height (m) 0.99 0.88 0.68
Diameter (dbh, cm) 0.54 0.41 0.62

No. Limbs
Bark cover (%) 0.48
% Correctly Classifiede

Nest snags 73.8 68.4 60.0
Available snags 93.1 81.1 74.5
ALL snags 90.4 79.9 73.3

Square Canonicalf
Correlation (%) 47.3 15.2 5.9

a Does not include Northern pygmy owl, Downy woodpecker, live nest-trees, or nest-trees
reused by the same species in successive years.

b Based on Wilks' Lambda.

c Correlation of the variable (e.g. diameter) with the discriminant function (e.g.
structure matrix).

d Includes variables entered into the stepwise analysis.
e Percentage of nests and available snags correctly identified as distinct groups,

higher values indicate lower similarity.
f A measure of the percent variation in the variables accounted for by group

differences.



Table 18. Among stand type differences in mean diameter and height of nest trees for five cavity-

nesting species.

Nest Tree Variables by Stand Typea
Mean + SEb

Diameter (DBH, cm) Height (m)

Speciesc N OG MAT YNG OG MAT YNG

Primary Cavity-Nesters

RBSA 30 135.5 + 10.2 55.6 + 6.5 36.9 + 2.5 25.1 + 5.1

HAWO 23 103.5 + 15.7 44.7 + 4.8 37.5 + 3.5 40.7 + 4.9 20.8 + 3.6 18.5 + 2.5

RBNU 59 116.6 + 8.2 46.8 + 6.7 58.2 + 11.9 45.6 + 3.3 20.8 + 3.1 18.5 + 2.8

Secondary Cavity-Nesters

CBCH 96 122.4 + 5.6 71.7 + 11.8 81.4 + 14.7 35.3 + 2.1 20.9 + 3.3 12.8 + 2.8

BRCR 50 107.4 + 10.8 59.7 + 12.8 41.4 + 10.7 36.6 + 2.9 22.1 + 2.9 19.0 + 3.0

a OG = Old-growth, MAT = Mature, YNG = Young.

b Means underscored by the same line are not significantly different (P < 0.05, Student-Newman-
Keuls mean comparison test).

C RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, RBNU = Red-breasted nuthatch, CBCH =
Chestnut-backed chickadee, BRCR = Brown creeper.



Figure 9. Use and availability of large (>50 an dbh), tall (>40 m) snags by stand type for all
species ccmbined. OID = old-graath, NAT = mature, YNG = young. * Indicates a significant
difference between use and availability (P < 0.01, Bonferroni Z-statistic, Neu et al. 1974).
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Table '19. Distribution (number and percent) of snag and live nest
trees by species among three stand types (N = 277).

Stand Type

Species Old-Growth Mature Young

Snags

Douglas-fir 129 (87.8) 48 (80.0) 24 (64.9)

Grand fir 12 (8.2) 5 (8.3) 0

Othera 6 (4.0) 7 (11.7) 13 (35.1)

Total 147 60 37

Live Trees

Douglas-fir 12 (57.0) 7 (63.6) 1 (100.0)

Cedarb 6 (29.6) 0 0

Bigleaf Maple 1 (4.8) 4 (36.4) 0

Otherc 2 (9.5) 0 0

Total 21 11 1

a Includes western red cedar, incense cedar, noble fir, Sitka
spruce, golden chinkapin, pacific madrone, bigleaf maple, red alder,
Oregon white oak, and unknown.

b Includes western red cedar, and incense cedar.

c Includes grand fir, and western hemlock.
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in old-growth forests and 36% of nest trees in mature forests

occurred in live bigleaf maple. Within each stand type nests

occurred most often in decay class 2 snags (>54%) (Table 20).

However, few nests in young forests were found in decay class 1

snags, while a large percentage (43%) of decay class 3 snags were

used in this stand type.

Nest-Site Characteristics

Comparisons Among Species

Differences in nest-site characteristics among 5 cavity-nesting

species (northern flickers, pileated woodpeckers, downy woodpeckers

and northern pygmy owls were not included because of small sample

sizes) were minimal. Although the discriminant function analysis

(DFA) was significant (Wilks' Lambda = 0.88, P < 0.001; Box's M-

statistic = 106.7, P = 0.001), low group classification (33%)

indicated that the analysis was unable to distinguish distinct

interspecific differences in nest-site characteristics. Comparisons

between primary and secondary nesters, and among red-breasted

sapsuckers, hairy woodpeckers, and red-breasted nuthatches (primary

cavity-nesters) demonstrated similar results (Wilks' Lambda < 0.89, P

< 0.001; Box's M-statistic < 18.6, P > 0.001; percent correctly

classified < 35%). However, brown creepers nested in areas with

significantly higher densities of medium snags and large conifers

than chestnut-backed chickadees (Wilks' Lambda = 0.90, P < 0.001;

Box's M-statistic 37.6, P = 0.001; percent correctly classified =

66%).

=
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Table 20. Distribution (number and percent) of snag nest trees by
decay class among three stand types (N = 244).

Decay Classa

Stand Age 1 2 3 Total

Old-Growth 23 (15.8) 105 (71.9) 18 (12.3) 146

Mature 5 (8.3) 45 (75.0) 10 (16.7) 60

Young 1 (2.7) 20 (54.1) 16 (43.2) 37

a Modified from Cline et al. (1980).
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The results of these multivariate analyses were similar to those

for the nest-tree characteristics; overlap in nest-site

characteristics prevented well-defined distinctions among bird

species. Therefore, use and availability of habitat characteristics

were determined with species lumped into one group and univariate

statistics were used to describe subtle differences among species in

discrete and continuous nest-site characteristics. Individual nest

site characteristics for species with <9 nests were not presented in

discussion.

Densities of medium-sized snags, basal area of live trees,

midstory and understory cover, canopy cover, and distance to stand

edge were significantly different at nest sites among species

(Student-Newman-Keuls mean comparison test, P < 0.05) (Table 21).

Based on these interspecific differences, I divided the 8 cavity

nesting species into 2 habitat preference groups.

Red-breasted nuthatches and brown creepers nested in areas with

high basal area of live trees, high density of medium (20-40 cm)

diameter snags and high percent canopy cover. These habitat

characteristics were significantly different from nests of

chestnut-backed chickadees and red-breasted sapsuckers which occurred

in more open areas (Student-Newman-Keuls mean comparison test, P <

0.05) (Table 21). Nests of these species were also located in areas

of high midstory cover and farther from the stand edge compared with

other species. Based on these characteristics, I classified these

two cavity-nesting birds as forest interior species.



Table 21. Mean and standard error of habitat characteristics surrounding cavity-nesting bird nest trees (N = 277).

Speciesa

NOFL PIWO RBSA HAWO DOWO RBNU PYOW CBCH BRCR
Variable (N=9) (N=6) (N=30) (N=23) (N=1) (N=59) (N=3) (N=96) (N=50)

Densities of Snags/ha
10-19 cm dbh 11.7+4.9 6.7+1.7 7.3+2.1 13.9+5.1 5.0 25.1+4.9 53.3+21.7 15.4+5.1 21.8+4.5
20-49 cm dbh 12.8+2.9ABb 19.1+2.1AB 10.8+2.08 24.8+5.2AB 15.0 32.7+4.6A 88.3+21.7 17.4+5.28 33.8+5.8A
>50 cm dbh 16.1+3.9 20.0+5.6 15.0+2.7 17.6+4.0 5.0 19.9+2.4 6.7+1.7 19.7+4.0 20.8+2.5

Basal Area Snags
C. /ha) 13.9+5.1 16.9+4.4 17.1+3.0 18.0+4.2 -- 17.6+2.1 10.0+1.6 20.6+1.8 20.1+2.6

Densities of Evergreens/ha
10-49 cm dbh 173.3+68.1 105.0+22.1 120.3+26.4 101.7+23.3 130.0 139.3+14.6 105.0+20.0 133.2+23.2 129.0+16.2
50-99 cm dbh 35.0+8.3 44.2+6.6 37.2+5.6 48.5+9.7 105.0 72.3+6.6 96.7+20.0 52.7+9.7 65.7+6.2
>100 cm dbh 20.6+4.5 35.0+6.7 23.3+2.4 18.5+3.3 30.0 23.9+4.1 26.7+6.7 23.2+3.3 26.2+3.2

Basal Area Live trees
(m /ha) 55.1+8.1 82.1+12.4 62.2+3.5 55.1+5.5 -- 70.8+3.7 83.0+2.2 65.6+2.9 75.1+3.5

Densities of Maples/hs
24.4+8.9 35.0+17.1 36.7+8.7 38.5+11.5 0.0 22.2+4.8 65.0+5.0 27.91+11.5 27.6+6.6

Densities of other
Hardwoods/ha 24.4+7.8 35.8+25.1 15.8+5.4 9.8+3.2 100.0 27.0+6.5 0.0 26.9+3.2 15.6+4.0

Average Canopy Height
(m) 49.6+1.5 52.2+2.2 50.5+1.2 49.0+1.5 50.0 47.3+1.1 54.3+0.7 48.5+1.5 48.5+1.3

Percent Cover
Canopy 28.9+4.9 38.0+3.5 27.8+1.5 31.4+2.9 34.0 37.8+1.6 44.0+2.0 32.2+1.3 38.4+1.3
Midstory and

Understory 46.2+9.7 30.8+6.3 50.7+4.8 35.9+5.4 35.0 33.1+3.3 19.3+4.7 38.4+2.4 28.6+2.1
Herbs 16.8+5.8 23.5+12.3 10.4+2.6 18.6+4.7 1.0 10.1+1.9 40.0+16.0 10.9+1.9 6.7+1.4
Shrub 15.8+5.1 17.3+6.2 28.5+5.0 27.0+6.0 19.0 24.3+3.5 6.0+0.0 31.4+3.0 29.5+3.9
Log 1.6+0.6 0.9+0.2 1.0+0.2 1.1+0.3 1.0 1.1+0.1 1.7+0.5 1.3+0.1 1.1+0.2

Distance to Water
(m) 120.7+26.2 87.2+45.1 86.4+25.6 88.3+17.4 100.0 177.6+21.0 513.3+136.7 123.9+14.8 168.2+21.1

Distance to Stand Edge
(m) 64.2+26.3 280.8+107.1 135.6+23.6 144.0+36.6 300.0 242.7+25.3 125.0+69.3 225.4+19.2 252.1+24.9



Table 21. Continued.

Cavity-Nesters

Variable

Overallc Random
Primaryc Secondary Mean Plots
(N=127) (N=149) (N=276) (N=554)

Densities of Snags/ha
10-19 cm dbh 17.0+2.6 18.4+2.5 17.8+1.8 17.4+1.2
20-49 cm dbh 24.1+2.5 24.3+2.5 24.2+1.8 14.3+0.8
>50 cm dbh 18.1+1.5 19.8+1.4 19.0+1.0 10.6+0.5

Basa} Area Snags
C. /ha) 17.3+1.5 20.2+1.5 18.8+1.0 -

Densities of Evergreens/ha
10-49 cm dbh 128.8+11.2 131.2+9.7 130.1+7.3 162.0+5.6
50-99 cm dbh 55.7+4.1 58.0+3.4 56.9+2.6 50.6+1.7
>100 cm dbh 23.1+2.1 24.3+1.6 23.7+1.3 18.0+0.8

Basai, Area Live trees
( /ha) 65.3+2.4 69.2+2.2 67.4+1.6 -

Densities of Maples/ha 29.3+3.8 28.6+4.0 28.9+2.8 18.5+1.4

Densities of other
Hardwoods/ha 21.5+3.6 22.6+4.5 22.1+2.9 15.9+1.4

Average Canopy Height (m) 48.7+0.7 48.6+0.8 48.7+0.5 48.4+0.5

Percent Cover
Canopy 33.7+1.1 34.6+1.0 34.2+0.7 36.3+0.8
Midstory and
Understory 38.6+2.3 34.7+1.8 36.5+1.4 28.3±0.9

Herbs 12.8+1.5d 10.1+1.4 11.4+1.0 4.1+0.2
Shrubs 24.8+2.3 30.3+2.3 27.8+1.7 27.2+0.9
Log 1.1+0.1 1.2+0.1 1.2+0.1 7.5+0.3

Distance to Water (m) 131.6+12.7 146.6+13.9 139.7+9.1 -
Distance to Stand Edge (m) 188.7+16.3 232.4+15.0 212.3+11.1 -

a NOFL = Northern flicker, PIWO = Piteated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy
woodpecker, DOWO = Downy woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, CBCH =
Chestnut-backed chickadee, BRCR = Brown creeper. Caution should be taken in making conclusions about
species with small sample sizes (N < 6).

Within each row, mean values with the same letter are not significantly different (P < 0.05,
Student-Newman-Keuls Mean Comparison Test).

c DOWO not included in overall means.
d Significant difference between primary and secondary cavity-nesters (P < 0.05, Mann-Whitney U-

Test).
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All other species were included in a group of habitat

generalists. These cavity-nesting birds nested in a variety of

forest conditions ranging from open forest edges to forest interior

sites. Red-breasted sapsuckers and chestnut-backed chickadees

selected significantly different nest sites from the forest interior

species; they favored areas with lower canopy cover, lower basal area

of live trees and lower densities of medium snags than other species

(Table 21). Red-breasted sapsuckers also differed from the forest

interior species in their preference for nesting in open snag patches

with high midstory (primarily bigleaf maple) and understory cover.

These cover levels differed significantly from those at brown creeper

and red-breasted nuthatch nests (Student-Newman-Keuls mean comparison

test, P < 0.05) (Table 21). The location of red-breasted sapsucker

nests in areas of high midstory and understory cover was closely

related to the presence of water; sixty percent of their nests (N =

18) occurred within 50 m of small creeks and drainages. Chestnut-

backed chickadees were similar to the forest interior species in

their preference to nest away from the stand edge. This species

nested significantly farther from the stand edge than most habitat

generalists (Student-Newman-Keuls mean comparison test, P < 0.05).

Northern flickers and hairy woodpeckers were more general in

their nest-site characteristics; they nested in areas with varying

levels of canopy cover, midstory cover, densities of medium-sized

snags and basal area of live trees. The only distinctive nest-site

preference for northern flickers included nesting closer to openings

and clear-cuts than other species. Sixty-seven percent of their
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nests were located within 100 m of an edge, and often in open snag

patches. On the other hand, nest sites of hairy woodpeckers did not

differ from other species in any distinctive manner; this species was

the most general in its nest-site selection.

Nest-Site Selection

The discriminant function analysis (DFA) comparing nest sites

and random plots revealed 7 important variables that demonstrated

species' preferences for certain habitat characteristics (Wilks'

Lambda < 0.93, P < 0.001; Box's M-statistic < 135.3, P < 0.001)

(excludes northern flickers, pileated woodpeckers, downy woodpeckers

and northern pygmy owls) (Table 22). The presence of midstory and

understory cover, and densities of medium and large snags were the

most important vegetative characteristics for most species singly and

in combination. These variables indicated that cavity-nesting birds

nested in snag patches, containing high densities of medium and large

snags, and dense midstory and understory cover (included primarily

deciduous trees since small conifer tree density was low) (Table 21).

Densities of small and large conifers, log cover and canopy height

were also selected in DFA models of some species. In general, random

sites had higher canopies, and greater amounts of coarse woody debris

and densities of small conifers than nest sites, while nests of the

brown creeper had higher densities of large conifers than random

sites. Overall, these analyses successfully classified nest sites

and random plots, with 75-81% accuracy.



Table 22. Results of a 2-group discriminant analysis comparing nest sites (N = 263)a to random
plots (N = 554) by species for variables entered into the stepwise anatysis.b

Correlations of Variables with Discriminant Scoresc
Speciesd

Variablee
RBSA

(N=29)
HAWO

(N=23)
RBNU
(N=57)

CBCH
(N=92)

BRCR
(N=47)

Species
Combined

(N=263)

S 20-49 hdbhnags cm / a 0.38 0.52 0.13 0.56 0.28
S >50 dbh hnags cm / a 0.42 0.47 0.52 0.43 0.42
T 10-49 dbh hrees cm / a -0.15
Trees >100 m dbh/hc a 0.17
L r % fog cove ( ) -0 . 2 0 -0. 17 -0. 1 1 -0 . 0 9 -0. 14
Midstorv and

Understory Covert 1.00 0.67 0.45 0.72 0.44 0.66
X Correctly Classifiedg

Nest sites 82.8 73.9 68.4 77.2 72.3 79.1
Random plots 78.5 74.9 79.2 75.3 81.2 73.6All plots 78.7 74.9 78.2 75.5 80.5 75.4

Square Canonicath
Correlation (%) 8.0 7.0 17.5 19.2 17.2 31.4

a

b

c

BRCR

Does not include Northern pygmy owl, Downy woodpecker, or nest sites reused by the same species in successive years.

Based on Wilks' Lambda (P < 0.001).

Correlation of the variable (e.g. canopy cover) with the discriminant function (e.g. structure matrix).

RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, RBNU = Red-breasted nuthatch, CBCH = Chestnut-backed chickadee,
Brown creeper.

d

a Includes variables entered into the stepwise discriminant analysis. Non discriminating variables
include snags >10-19 cm dbh/ha, trees 50-99 cm dbh/ha, shrub cover (X), canopy cover (X).

f Based on octave cover scale (see Methods).

9 Percentage of nest-sites and random plots correctly identified as distinct groups; higher values indicate lower
similarity.

h A measure of the percent variation in the variables accounted for by group differeces.
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To better define habitat preferences, I created cover and

density categories for important nest-site variables and computed

frequencies of use and availability in each category. Cavity-nesting

birds preferred to nest in areas with >48% midstory and understory

cover (P < 0.01) (Figure 10); fifty-nine percent of nests occurred

in areas with these high cover levels. In contrast, cavity-nesters

avoided sites with 2-24%, and used areas with 25-48% midstory and

understory cover in proportion to availability. Nest sites also

occurred more often in areas with 11 or more medium and large snags

per hectare than random plots (Figure 11), although differences at

these densities were not significant. However, cavity-nesting bird

avoided sites with <1 medium or large snag per hectare (P < 0.01).

In addition, the presence of supercanopy trees at nest sites exceeded

those at available plots for all species (P < 0.01); twenty-seven

percent of nest sites had supercanopy trees, while only 3% of random

plots included these large overstory trees.

Differences Among Stand Types

Eight variables used in the discriminant function analysis (DFA)

were significant in demonstrating differences between nest sites of 5

cavity-nesting species and random plots within stand types (Wilks'

Lambda < 0.56, P < 0.001; Box's M-statistic < 157.7, P > 0.001)

(Table 23). These differences were similar to those previously

described for habitat preference; nests in all stand types had more

midstory and understory cover and occurred more often in patches with

medium and large snags than random plots. In addition, nest sites



Figure 10. Midstory and understory cover (%) surrounding nest trees of all species ccenbined and
within random plots. * Indicates a significant difference between use and availability (P < 0.01),
Bonferroni Z-statistic, Neu et al. 1974).
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Figure 11. Densities of medium (20-49 an dbh) and large (>50 an dbh) snags surrounding nest trees
of all species combined and within randaan plots. * Indicates a significant difference between use
and availability (P < 0.01, Bonferroni 2-statistic, Neu et al. 1974).
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Table 23. Results of a 2-group discriminant analysis comparing nest sites (N = 263)a to
random plots (N = 554) by stand type for variables entered into the stepwise analysis.b

Correlations of Variables with Discriminant Scoresc
Stand Type

Old-Growth Mature Young

d

Available Nest Available Nest Available Nest
Variable (N = 339) (N = 159) (N = 108) (N = 68) (N = 107) (N = 36)

Snags 20-49 cm dbh/ha 0.11 0.26 0.43
Snags >50 cm dbh/ha 0.51 0.16 0.57
Trees 10-49 cm dbh/ha -0.36
Trees 50-99 cm dbh/ha -0.26 0.12
Trees >100 cm dbh/ha 0.09 0.31 0.44
Lo c (X)eg over -0.21
Midstory and

Understory Cover (%)a 0.68 0.51 0.24
C n iH hta opy ge (m) _0.17 -0.03
% Correctly Classifiedf

Nest sites 84.5 80.9 80.6
Random plots 83.3 86.1 89.7All plots 83.8 84.1 87.4

Square Canonicalg
Correlation (X) 48.1 46.2 44.2

a Does not include Northern pygmy owl, Downy woodpecker or nest sites reused by the same
specigs in successive years.

Based on Wilks' Lambda (P < 0.001).
c Correlation of the variable (e.g. canopy cover) with the discriminant function (e.g.strucure matrix).

Includes variables entered into the stepwise analysis. Non-discriminating variables
include snags 10-19 cm dbh/ha, shrub cover (%), canopy cover (X).

e Based on octave cover scale (see Methods).
f Percentage of nest sites and random plots correctly identified as distinct groups;higher values indicate lower similarity.

A measure of the percent variation in the variables accounted for by group differences.
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in all stand types contained higher densities of large conifer

trees. In old-growth stands, nest sites had lower numbers of medium

live trees, while nests in mature stands were surrounded by higher

densities of these snags than random plots. Canopy height and log

cover were also selected in some DFA models; random sites contained

higher woody debris cover and higher canopies than nest sites. Group

classification rates (84-87%) were relatively high in these analyses.
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DISCUSSION

Nest-Tree Characteristics

The eight cavity-nesting bird species in this study selected

nest trees with similar characteristics in all stand types. They

preferred to nest in large, hard snags with numerous limbs and

branches. Only subtle differences in nest-tree preferences occurred

among species in tree diameter, diameter at the cavity, cavity

height, cavity size, and decay condition. These differences were

small compared to other studies in this region (Bull 1980, Raphael

and White 1984, Madsen 1985, Lundquist 1988).

The lack of distinct differences among species may be related

to one or more of the following: 1) I excluded or failed to measure

appropriate snag characteristics, 2) chance, and 3) the cavity-

nesting bird community in unmanaged forests of the Oregon Coast

Ranges may be structured by other factors than availability of

suitable nest snags. The third explanation is most reasonable in

light of my study design; my study sites were unmanaged forests that

contained numerous large snags. Although large snags were more

abundant in old-growth forests compared with young forests, the

abundance of these snags may have been greater than current needs of

cavity-nesting birds in all stand types. As a result, resource

partitioning may not have been occurring during nest-tree selection.

Limitations to bird communities have been tied primarily to

vegetation characteristics as required for nesting or foraging (Cody

1974, Rosenzweig 1985). If cavity-nesting birds were not limited by
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availability of snags then resource partitioning for food may have

been occurring on my study sites. Cavity-nesting birds have been

reported to use insect resources in varying ways corresponding to

morphological adaptations, such as bill size and foraging strategy

(Raphael and White 1984, Madsen 1985, Morrison et al. 1987b,

Lundquist 1988).

Douglas-fir snags were preferred for nesting in this study.

This snag species was the most available to cavity-nesting birds in

the Oregon Coast Ranges, representing 64% of available snags and 82%

of all large snags (Cline et al. 1980, this study). Despite the

predominance of Douglas-fir, all cavity-nesting birds used this snag

species more than expected in all stand types. For the same

geographic area, Mannan et al. (1980) and Mellen (1987) reported use

of Douglas-fir for a majority of nests of several cavity-nesting

species and pileated woodpeckers, respectively; however they were

unable to demonstrate any preferences for tree species. My results

differ from studies in other geographic regions (i.e. forest types),

where cavity-nesting birds preferred ponderosa pine or western larch

(McClelland et al. 1979, Bull 1980, Madsen 1985), white fir (Raphael

and White 1984), western hemlock (Zarnowitz and Manuwal 1985) and

white pine (Lundquist 1988) for nesting.

The suitability of snags for use by cavity-nesting birds is

related to snag species, time since death, condition, size, and past

and present environmental factors (Kimmey and Furniss 1943, Bull

1983). Previous researchers have suggested that Douglas-fir is an

inadequate snag species for nesting because of its decay
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characteristics; the sapwood decays more rapidly than the heartwood

(Wright and Harvey 1967, McClelland et al. 1979). However, Douglas-

fir snags decay more slowly than other species, particularly when

they are large in size (Graham 1981) and the progression of decay

from the outside inward may aid cavity excavation (Lundquist 1988).

Douglas-fir snags were also the largest.available to cavity-nesting

birds in western Oregon. The only other snag species in the Oregon

Coast Ranges that attain equal or larger size to Douglas-fir include

western red cedar, western hemlock and Sitka spruce (Franklin and

Waring 1980). However, the presence of hard wood for many years

after death makes western red cedar unsuitable for cavity

excavation, while western hemlock decays rapidly (Buchanan and

Englerth 1940) and may not meet bird's preference for hard snags.

Large Sitka spruce were absent from most of my study sites.

Grand fir was also used frequently for nesting in old-growth

and mature forests. The decay characteristics of this species are

opposite that of Douglas-fir; the heartwood decays faster than the

sapwood and rates of deterioration are more rapid than most species

(Kimmey and Furniss 1943, Cline 1978). However, I observed that a

hard sapwood shell was maintained in these snags throughout the first

2 decay stages creating adequate protection for the nest cavity.

Mannan (1977) also reported use of grand fir snags by cavity-nesting

birds in the Oregon Coast Ranges. Although I was unable to

demonstrate a preference for this species, the rarity and high use of

grand fir when available (pers. obs.) make it an important snag

species to cavity-nesting birds.
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Several live tree species were also used for nesting. A

preference for live western red and incense cedar was demonstrated by

brown creepers and chestnut-backed chickadees, respectively, whereas

all species avoided live western hemlock. Reasons for the avoidance

of western hemlock, which also harbors rot when still alive (Kimmey

and Furniss 1943), are unknown. The high incidence of western red

cedars with peeling bark and fire scares provided optimal nest-sites

for brown creepers, while live, but highly defective, incense cedars

(Kimmey 1955) permitted excavation by chestnut-backed chickadees.

Fire may play an important role in creating nest trees for cavity-

nesting species.

In this study cavity-nesting birds typically nested in snags

(88%) with broken tops (86%) and signs of decay (56%), indicating

that some decay is desirable for nesting. Preference for trees with

heartrot fungi and other decay organisms by cavity-nesting birds has

been demonstrated by Shigo and Kilham (1968), Jackman (1974),

McClelland and Frissell (1975), Conner et al. (1976), Raphael and

White (1984), Madsen (1985), Zarnowitz and Manuwal (1985), and

Lundquist (1988). However, of the 3 decay classes, cavity-nesters

preferred hard snags in decay class 2 (70% of nests) with >76% bark

(72% of nests) and >1 limb (74% of nests). For all species except

chestnut-backed chickadees, use of decay class 2 snags exceeded

availability, and this relationship was consistent in all stand types

(X2> 6.58, P< 0.05). Hard snags provide more protection against

predation and environmental factors (Kilham 1971, Franzreb and

Higgins 1975, Conner 1977); the strength of the snag around the nest
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entrance has important value as a predator deterrent and harder

snags are less likely to break at the cavity during adverse weather

conditions. This preference for hard snags is consistent with

results of Mannan et al. (1980) and Lundquist (1988), but differ

from other research in coniferous forests of the west coast, where

cavity-nesting birds preferred softer snags in all habitat types

(Raphael and White 1984, Zarnowitz 1982, Madsen 1985).

I did find some subtle differences in the preference for decay

class between primary and secondary cavity-nesters. Chestnut-backed

chickadees and brown creepers nested in snags with more decay, less

bark, and fewer branches than primary cavity-nesters. These species

used old cavities and feeding holes of primary-cavity nesters for

nesting. However, use of decay class 3 snags by secondary cavity-

nesters accounted for only 22% of their nests, and most of these

nests occurred in remnant trees in younger forests where suitable

large, hard snags were uncommon. Lundquist (1988) also found

secondary cavity-nesters using more decayed snags in younger forests.

Interspecific competition over the limited availability of large,

hard snags may be causing secondary cavity-nesting species to use

less preferred snags in younger forests.

Cavity-nesting birds in this study preferred large (>50 cm dbh,

>21 m tall) trees and snags for nesting; trees of this size were used

more than expected in all stand types. In contrast, trees <10 m in

height and <20 cm in diameter were avoided. Larger snags may provide

more insulation, allow for increased nesting success, and have a

lower probability of breaking at the cavity than smaller snags
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(Karlsson and Nilsson 1977, Conner 1979). Others have documented

similar a selection for large snags; however, their mean tree sizes

were markedly lower. Madsen (1985), Bull (1980), and Mannan et al.

(1980) reported selection for trees >24 m, 17 m and 15 m tall,

respectively, and the avoidance of snags <6 m in height. Mean snag

height in this study was 31 m. Raphael and White (1984), Madsen

(1985), and Lundquist (1988) noted mean tree diameters of 62 cm, 65

cm, and 83 cm, respectively, as compared with 94 cm for this study.

Red-breasted sapsuckers (X = 113 cm) and chestnut-backed

chickadees (X = 108 cm) used the largest snags for nesting in this

study. Raphael and White (1984) also noted that red-breasted

sapsuckers nested in the largest snags (X = 84 cm). In other

studies, pileated woodpeckers (Bull 1980, Madsen 1985), red-breasted

nuthatches (Mannan et al. 1980), and northern flickers (Lundquist

1988) were found to use the largest snags. Zarnowitz and Manuwal

(1985) found secondary cavity-nesters using larger snags than

primary cavity-nesters.

Cavity-nesting birds selected the largest and tallest snags

available in all forest types and placed their nest-cavities at the

highest possible diameter (Mannan et al. 1980, Raphael and White

1984, Madsen 1985, Mellen 1987, this study). Placement of the nest

cavity occurred most often (67%) near the top 1/3 of the snag.

Mannan et al. (1980) found 70% of the nest cavities in the upper 1/3

of the snag. A similar positive correlation between nest height and

tree height has been reported in other geographic areas (Conner et

al. 1975, McClelland 1977).
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To understand the significance of snag abundance by size and

decay class among forest ages, an examination of forest succession

and tree mortality are necessary. In dense young forests, many small

snags are created by suppression death because of crowding

(competition) and closure of the forest canopy (lack of sunlight)

(Cline et al. 1980, Franklin and Hemstrom 1981). The creation of

these small snags increases rapidly until the forest reaches

approximately 60 to 100 years of age. As succession progresses, the

forest canopy begins to open and tree mortality results primarily

from density-independent factors such as disease and weather. In

mature and old-growth forests medium and large snags are created

primarily by death of canopy trees, rather than suppression.

Although survival of snags declines over time with increases in

decay, large (>50 cm) Douglas-fir snags are reported to last an

average of 125 years in the Pacific Northwest and up to a maximum of

200 years before becoming rotten stumps <10 m in height (Cline 1978).

In contrast, smaller snags (<50 cm) are usually well decayed by 60

years of age (Cline et al. 1980).

While total densities of snags were higher in younger stands

(<80 yrs), the large (>50 cm), tall (>40 m) snags preferred most by

cavity-nesters were more common in older forests (primarily in stands

>200 yrs). Mean densities of these snags in old-growth stands were

greater than those in the mature and young stands (X old-growth =

1.2/ha, X mature = 0.2/ha, X young < 0.1/ha). Spies et al.(1988)

reported similar results for the same study sites in the Oregon Coast

Ranges despite different methods. In their study, old-growth (>200
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yrs) forests contained the largest (>50 cm) and tallest (>15 m)

snags; mean density of these snags in old-growth stands were greater

than those in mature and young stands (X old-growth = 4.2/ha, X

mature = 1.1/ha, X young = 0.6/ha). Larger snags last longer than

smaller snags (Cline et al. 1980, Graham 1981, Raphael and White

1984), and taller trees provide cavity-nesting birds more protection

against terrestrial predators (Kilham 1971, Miller and Miller 1980).

In contrast, most snags in young forests were small in size (Cline

1978), and the only large snags that occurred in the young forests

were primarily short, remnant snags of decay class 3 (Cline et al.

1980, this study). The unmanaged nature of the young forests in this

study combined with a complex fire history in the Oregon Coast

Ranges have allowed for the persistence of these large remnant snags.

However, nesting by woodpecker species in young forests occurred

infrequently because appropriate large, hard snags were uncommon.

Only secondary cavity-nesters and red-breasted nuthatches

occasionally used remnant snags for nesting.

In managed forests, densities of snags in most stand ages were

reported to be lower than unmanaged forests (Cline et al. 1980).

Shorter rotation ages and fire suppression under current management

strategies will prevent the natural production of large snags.

While I did not study the use of small snags in stands where larger

ones were unavailable, Zarnowitz and Manuwal (1985) reported lower

densities of cavity-nesting birds in all ages of managed forests

which had inadequate numbers of large (>50 cm) snags. Although

availability of large snags may not be structuring or limiting the
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cavity-nesting bird community in my unmanaged stands, the lack of

adequate sizes, densities, decay classes, and placement of snags in

managed forests may adversely affect cavity-nesting bird populations.

Larger, taller snags must be created or retained in all stand ages

to meet cavity-nesting bird preferences.

Nest-Site Characteristics

Cavity-nesting species were divided into 2 groups based on their

nest-site characteristics. I identified red-breasted nuthatches and

brown creepers as forest interior species, because they preferred

nest sites with high basal area of live trees, percent canopy cover,

and densities of medium snags. These species also nested away from

the stand edge. Raphael and White (1984) referred to red-breasted

nuthatches and brown creepers as "forest specialists"; Madsen (1985)

and Neitro et al. (1985) characterized the former species as an

inhabitant of dense forests.

I identified northern flickers, red-breasted sapsuckers, hairy

woodpeckers and chestnut-backed chickadees as forest generalists.

The variability in nest-site selection of hairy woodpeckers and

northern flickers have been previously reported; Raphael and White

(1984) referred to these species as "habitat generalists", while

others have found these species nesting in clear-cuts (Hagar 1960,

Conner et al. 1975, Hardin and Evans 1977, Bull 1980, Mannan et al.

1980, Raphael and White 1984, Madsen 1985, Schreiber 1988). In this

study, these species nested in a variety of forest conditions ranging

from open forest edge to forest interior. Hairy woodpeckers were the
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most general in their nest-site characteristics, while northern

flickers preferred to nest in snag patches. Although chestnut-backed

chickadees were habitat. generalists, they preferred to nest away from

the stand edge like the forest interior species. Others reported

that this species preferred to nest in old-growth forests (Mannan et

al. 1980, this study), as well as younger forests and clear-cuts

(Marcot 1983, Morrison and Meslow 1983). Red-breasted sapsuckers

preferred to nest in snag patches with high midstory and understory

cover, and in close proximity to water (Jackman 1974, Bull 1980,

Mannan et al. 1980, this study).

Cavity-nesting species nested in areas with dense midstory and

understory cover (X = 37%), high densities of medium (X = 24/ha) and

large snags (X = 19/ha), the presence of a supercanopy, and low log

cover (X = 1.2 m2/ha). Midstory and understory cover, and densities

of medium and large snags were most important to each species in all

stand types. The first vegetative characteristic represents forest

canopy gaps and the uneven-aged stand conditions of old-growth and

unmanaged forests. Openings in the canopy, caused by natural

disturbances, allow light penetration to the forest floor (Pickett

and White 1985). The increased solar radiation prompts the upward

growth of midstory, understory and shrub layers, creating an uneven

vertical profile (Harris 1984:19). Raphael and White (1984) found

shrub cover to be an important habitat characteristic to cavity-

nesting birds and Madsen (1985) reported that nest sites occurred

more often in areas of lower canopy cover than random plots. Cavity-
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nesting birds in these studies may also have nested in forest canopy

gaps.

Snags occur naturally in patches or individual trees within the

forest because of agents of mortality such as wind, ice, insects and

disease (Cline 1978, Manion 1981:304). On a spatial scale, most

agents of mortality (other than suppression in younger forests)

create aggregations rather than random dispersions of snags (Pickett

and White 1985, T. Spies, pers. comm.). For example, catastrophic

disturbances, such as wildfire, are capable of creating "seas of

snags" on a massive scale, while diseases such as Phellinus weirii

create snag patches on a localized level. A comparison of nest sites

to available snags revealed that cavity-nesting birds nested in areas

with high snag and tree density. Bull (1980), Raphael and White

(1984), Madsen (1985) and Lundquist (1988) also documented higher

densities of medium and large snags surrounding nest sites in other

geographic areas. While I did not examine the spatial distribution

of my available snags, cavity-nesting birds were probably using

patches of preferred snags (large and tall) in proportion to their

availability. Although this result does not represent "selection" of

snag patches, providing snag patches in managed forests would mimic

natural distributions of snags.
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MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

Intensive timber management practices in western Oregon

involving clear-cut logging, repeated silvicultural treatments, and

shorter rotation ages (<80 yrs) are reducing the numbers of large

(>50 cm dbh, >15 m tall) snags available to cavity-nesting birds

(Mannan et al. 1980). In addition, recent inquiries into snag

management on National Forest land in the Pacific Northwest revealed

that guidelines are not being met (Bull et al. 1986, Morrison et al.

1986). These factors increase concerns for maintaining viable

populations of cavity-nesting birds, and emphasize the need to modify

existing snag management guidelines and ensure their implementation.

Snag management policies on federal lands in the Oregon Coast

Ranges currently include the retention of individual snags in clear-

cuts or riparian areas, and in some areas small groups of snags or

snag patches (usually <5 trees per clump). However, when snags are

created or retained, they are generally <50 cm in diameter, because

current rotation ages are <80 years. Snags >50 cm in diameter

require more than 80 years to develop within forests in the Oregon

Coast Ranges (Cline et al. 1980, this study). Without

implementation of longer rotation regimes (>80 yrs), snags or trees

>50 cm in diameter will not be available in the future (Cline et al.

1980), and the minimum recommendations of 63.5 cm (Neitro et al.

1985) for the pileated woodpecker will not be met in the Douglas-fir

forests of the Oregon Coast Ranges. Based on this study, management

for snags >94 cm will provide for the greatest diversity of cavity-

nesting bird species.
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Conner (1979) recommended managing for mean rather than minimum

snag diameters to avoid possible negative effects on reproductive

success and avoid managing for suboptimal habitat. Numerous studies

have shown that cavity-nesting birds select larger snags than

included in current minimum diameter guidelines (Mannan et al. 1980,

Raphael and White 1984, Madsen 1985, Zarnowitz and Manuwal 1985,

Mariani 1987, Mellen 1987, Lundquist 1988, this study), and most of

these authors have supported Conner's (1979) conclusions. However,

land management agencies continue to manage for minimum diameters

based on recommendations in Thomas et al. (1979) and Neitro et al.

(1985). In this study, mean snag diameter for all species and

minimum sizes for northern flickers exceeded the minimums suggested

by Neitro et al. (1985). Snags smaller than these minimum

recommendations were used only an average of 26% (range 3%-50%) of

the time by all species. Results of this study also support

management on the basis of means. The mean nest-tree diameter for

all species was 94 cm dbh and ranged from 54 cm for northern pygmy

owls to 113 cm for red-breasted sapsuckers. Cline et al. (1980) and

Madsen (1985) suggested leaving snags >50 cm dbh, while Raphael and

White (1984) and Lundquist (1988) recommended retention of snags >38

cm dbh and >70 cm dbh, respectively.

In addition to small diameters, most snags retained in clear-

cuts are relatively short (<6.4 m tall) and soft (decay class 3

snags), and are utilized primarily by species associated with early

seral stages (Schreiber 1988). Creating snags in clear-cuts, by

topping live trees with explosives (Bull et al. 1981) and allocating
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live tree replacements within or on the edge of clear-cuts, will aid

in providing future tall, hard snags for some cavity-nesting species.

However, live trees are generally topped at less than 18 m to

eliminate interference with regeneration activities, which leaves

trees that are significantly shorter than the mean (X = 31 m) height

used by cavity-nesters in this study.

The limited differences in nest-tree characteristics among

cavity-nesting species in this study indicate that management for

primary cavity-nesters will also meet the needs of other snag

dependent species, as suggested by Thomas et al. (1979) and Neitro et

al. (1985). However, because secondary cavity-nesters used snags

that were as large and tall as those used by the woodpeckers (only

27% of all nests were in snags <50 cm), snags larger (and taller)

than those suggested by Neitro et al. (1985) should be retained or

created to meet the preferences of all cavity-nesting birds. In

addition, given similar nest-tree preferences for both primary and

secondary cavity-nesters and limited snag sharing among species, the

Forest Service policy in the Pacific Northwest (USDA Forest Service

1985) for management of primary cavity-nesting species at 40% of

their population potential may be inadequate. Secondary cavity-

nesters should be included in the management requirement and more

snags than the minimum (40% of capacity) retained throughout managed

forests. This will require retaining or creating many more snags per

species than stated in current guidelines.

Managers must also consider the micro-habitat requirements of

cavity-nesting species. Maintaining individual snags in clear-cuts
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will be insufficient in meeting preferences of some species, because

cavity-nesters in this study used snag patches that were associated

with high midstory and understory cover, and a mean of 19 large

snags/ha. Leaving snags in patches has been recommended in numerous

studies to meet habitat preferences of cavity-nesting birds

(McClelland 1977, Thomas et al. 1979, Raphael and White 1984, Madsen

1985, Neitro et al. 1985). In addition, red-breasted nuthatches and

brown creepers are forest interior species that have never been found

to nest in clear-cuts in the Pacific Northwest. The pileated

woodpecker also avoids clearcuts when nesting (K. Mellen, pers.

comm.). Retention of snags in clear-cuts will not meet the short

term or long term requirements of these species. Only management for

mature (80-200 yrs) and old-growth (>200 yrs) forests or large snag

habitat islands (see specific landscape level guidelines for

definition) will provide appropriate habitat for these forest

interior species.

In contrast to forest interior species, hairy woodpeckers,

northern flickers and chestnut-backed chickadees are known to nest in

clear-cuts (Hagar 1960, Morrison and Meslow 1983, Schreiber 1988),

although they nested in older forests (>80 yrs) more frequently

(nests/stand) than young forests (40-80 yrs) in this study.

Management for snag habitat islands and shelterwoods within managed

forests or in clear-cuts will meet the requirements of these habitat

generalists.

Red-breasted sapsuckers nested in open snag patches and used

grand fir whenever it was available. Although this species has been
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found to nest infrequently in clear-cuts (Hagar 1960, Schreiber

1988), it preferred to nest in areas with dense midstory and

understory cover in this study. Leaving or creating snags in clear-

cuts, will not meet the requirements of this species. However,

managing for large snags (>94 cm) in dispersed patches in mature

forests or in riparian strips may provide appropriate habitat for

red-breasted sapsuckers.

In the interest of maintaining viable populations of a diversity

of cavity-nesting species, I recommend the following snag management

guidelines:

Nest-Tree Characteristics

1) Manage for Douglas-fir snags; as this species meets the needs of

most cavity-nesting birds. However, retention or creation of grand

fir snags should also be emphasized, since cavity-nesting birds used

this species when available in most stand types. In addition,

maintain live Douglas-fir and grand fir trees as replacement snags or

future live nest trees (see landscape level recommendations for tree

and snag numbers). Retaining live tree replacements will be the key

to adequate snag management through time.

2) Manage for hard snags in decay class 2 by saving existing hard

snags (for current use) and retaining replacement green trees (for

future use). Because decay is a continual process, managing for

harder snags (decay class 1) and replacement live trees will be

necessary to provide snags over rotation ages. These snags should

include >78% bark and >1 limb, although >20 limbs was most preferred.

The amount of bark and number of limbs remaining on a snag may be
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important to cavity-nesters for feeding and perching, respectively.

More research is needed to determine the value of these snag

characteristics for foraging and survival.

3) Manage for mean tree sizes; large snags (>94 cm dbh, >31 m tall)

should be maintained and created within all intensively managed and

unmanaged forests.

Landscape Level

These recommendations are in addition to current snag management

policies of maintaining individual snags or live trees dispersed over

clear-cuts and within riparian areas.

1) Provide uneven-aged mature (80-200 yrs) or old-growth (>200 yrs)

stands (Mannan et al. 1980, Raphael and White 1984). The

effectiveness of these stands as cavity-nesting bird habitat will be

influenced by actual size, distance to similar mature and old-growth

stands, and degree of habitat fragmentation (Harris 1984:109).

Territory size of each cavity-nesting species must also be considered

(Neitro et al. 1985). Stands larger than 40 ha will be required to

create forest interior habitat without edge effects, such as wind,

weather, and competition between forest interior and edge species (T.

Spies, pers. comm.). Little or no silvicultural activities, such as

thinning, should occur in these areas. When silvicultural options

are implemented, they should follow the guidelines presented by Hall

et al. (1985) for creating old-growth characteristics. These older

forests should provide the highest densities of large (>94 cm), tall

(>31 m) snags, and support the most diverse cavity-nesting bird

populations. In addition, these stands should provide the necessary
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micro-habitat characteristics preferred by forest interior species

(red-breasted nuthatches and brown creepers).

2) Within intensively managed forests:

a) Maintain snags during mid to late rotation ages; current

thinning practices during these stages reduce the number of snags

available to cavity-nesting species. Extended rotation ages (>80

yrs) will allow for creating or retaining the large snags most

preferred by cavity-nesting species.

b) Implement modified shelterwood cuts in even-aged management

regimes by retaining 12 to 15 large (>50 cm) live trees per hectare

(Hall et al. 1985) to provide nesting habitat for the generalist

species, feeding habitat for all cavity-nesting species, and perching

habitat for all snag dependent wildlife. Dual rotation

shelterwood/seed tree cuts or "irregular" shelterwoods (Smith 1962)

could also be created. These shelterwoods are characterized by

uneven-aged stand structures, and selected dominant trees are

retained for relatively long rotation periods (>80 yrs). Leaving

unharvested green trees may be the only way to provide large snags

throughout the successional stages of managed forests. In addition,

maintaining green trees will minimize the safety hazards associated

with retention of snags.

c) Manage and maintain snag habitat islands to provide for the

requirements of most cavity-nesting birds. I refer to these as

habitat islands rather than snag patches or groups of snags because

they should include >19 large snags (mean number/ha in this study),

as well as large replacement live trees and an intact midstory and
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understory. The midstory should include a diversity of other snag

and live tree sizes >23 cm (Raphael and White 1984) and hardwood tree

species (bigleaf maple and red alder). These snag habitat islands

should be maintained on a clear-cut by clear-cut basis for even

distribution across the landscape. Extra live green trees should be

added along the edges of these patches to buffer effects of post-

clear-cut burning. Larger islands will allow maintenance of existing

large, tall snags without creating safety hazards (i.e. if the island

is wider than the snags are tall, snags will not fall into the work

area during management activities). Larger islands will also support

more cavity-nesting species, although the large territory sizes of

woodpeckers, and intra- and interspecific competition will limit

island use. I can not suggest appropriate sizes and landscape

pattern for these patches, as availability of existing snags and

large live green trees, topography, and current levels of habitat

fragmentation will affect the feasibility of creating these large

habitat islands. The Umpqua National Forest suggests leaving snag

patches of >2 ha in size (USDA Forest Service 1986); however I feel

this small size is inadequate to buffer effects of wind and post-

clear-cut burning on the patch, and edge effects on cavity-nesting

birds. The juxtaposition of these patches to uneven-aged mature and

old-growth stand and riparian corridors will be critical to their

success as cavity-nesting bird habitat. Harris (1984) discusses

silvicultural options in minimizing effects of habitat fragmentation.

Studies should be implemented to evaluate the effectiveness of snag

habitat island placement and size on cavity-nesting bird communities.
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3) The preferred nest-tree characteristics outlined above should be

incorporated into each landscape regime.

4) These recommendations include only the nesting requirements of

the eight cavity-nesting species in this study. Additional snag

habitat should be provided to meet the feeding and roosting needs of

these and other snag dependent wildlife.

5) Items 1, 2a, 2b and 2c are separate entities; each regime is

designed to meet species-specific requirements, so substitution of

one method for another is not recommended.

6) Monitoring programs should be implemented, according to the

National Forest Management Act, to ensure that snag management is

actually maintaining viable populations of cavity-nesting species.
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Appendix 1. A list of stands by age class surveyed in the Oregon Coast
Ranges in 1985 and 1986.

1985 1986

Stand Age Stand Numbera Stand Age Stand Numbera

Old-Growth 701 806 Old-Growth 702 806
(N = 27) 702 810 (N = 19) 704 810

703 812 705 812
704 815 718 815
705 817 719 818
706 818 720 819
717 819 722 835
718 821 726 838
719 835 733 839
721 837 737
726 838
728 839
732
733
737

Mature 740 840 Mature 742 840
(N = 9) 741 845 (N = 7) 750 845

742 847 755 847
750 848 848
755

Young 760 860 Young 761 860
(N = 9) 761 861 (N = 7) 764 861

764 862 765 862
765 865 870

870

a Stand codes and locations are available from Tom A. Spies, USDA
Forest Service, PNW Research Station, Corvallis, OR 97331.



Appendix 2. A 3-class scheme for rating stages of snag deterioration (modified from Cline et at. 1980).a

Snag
characteristic

Limbs and branches ALL present

Top Pointed

Diameter,
broken top

Height

Bark remaining (X)

Sapwood presense

Sapwood condition

Heartwood
condition

Estimated age at

---------------- 2 ---------------- ---------------- 3b----------------

Few limbs, no fine Limb stubs only Few or no stubs
branches

Broken

--------------------------------------- Increasing at decreasing rate -----------------------------------

--------------------------------------- Decreasing at decreasing rate -----------------------------------

100

Intact

----------------------- Variable -------------------------

None

<20

----------------------- Sloughing ------------------------ Gone

Sound, incipient Advanced decay,
decay, hard, fibrous, firm
orginal color to soft, light

brown

Sound, hard Sound at base,
original color incipient decay

in outer edge
of upper bole,
hard, light to
reddish brown

Fibrous, soft, Cubical, soft
light to reddish reddish to dark
brown brown

Incipient decay at Advanced decay at Sloughing, cubical,
base, advanced base, sloughing soft, dark brown,
decay from upper bole, OR fibrous, very
throughout upper fibrous to soft, dark reddish
bole, fibrous, cubical, soft brown, encased in
hard to firm dark reddish hardened shell
reddish brown brown

which snags
reach a
deterioration
stage:
9-18 cm dbhc

d
0-1 5-8 9-16 >17 Fatten

19-47 cm dbh 0-5 6-13 14-29 30-60 >60
47 cm dbhe 0-6 7-18 19-50 51-125 >125

a Of Cline's (1980) original 5 classes, decay classes 2 and 3, and 4 and S were combined into classes 2 and 3, respectively.
b Includes some remnant snags.
c Characteristic in Douglas-fir forests <80 years old; mean dbh 13.5 + 3 (SE) cm.
d Characteristic in Douglas-fir forests 80-200 years old; mean dbh 32-0 + 7 (SE) cm.
e Characteristic in Douglas-fir forests >200 year old; mean dbh 97.0 + 41 (SE) cm.
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Appendix 3. Habitat and geographic variables used in Spearman rank
correlations and stepwise multiple linear regression anlayses with
densities of cavity-nesting birds.

Variables

Density of Snags (no/ha)
Small Snags (10-19 cm dbh)

Decay Class 1
Decay Class 2
Decay Class 3a

Medium Snags (20-49 cm dbh)
Decay Class I
Decay Class 2
Decay Class 3a

Large Snags (50+ cm dbh)
Decay Class I
Decay Class 2a
Decay Class 3

Conifer Density (no/ha)
Small (10-49 cm dbh)a
Medium (50-99 cm dbh)
Large (100+ cm dbh)a

Density of Maples (no/ha)a

Density of Other Hardwoods (no/ha)a

Canopy Cover (%)

Midstory Cover (%)

Shrub Cover (%)

Canopy Height (m)

Latitudeb

Stand
Age (yrs)
Size (ha)
Elevation (m)
Distance from coast (km)
Aspect (cosine transformed)
Slope (%)

a Highly correlated (r > 0.70) variables removed prior to regression
analysis; variable in pair judged to be most biologically meaningful
was retained.

b Removed prior to regression analyses due to multicollinearity
problems.



Appendix 4. Total number of detectionsa (within 150 m) of cavity-nesting species, Oregon Coast Ranges, 1985.

Speciesb

Primary Cavity Nesters Secondary Cavity Nesters

Stand No. NOFL PIWO RBSA HAWO DOWO RBNU PYOW SPOW VASW TRSW WBNN CBCH BCCH BRCR BEWR HOWR

OLD-GROWTH
701 (N=77)c 0.01 0.04 ---- 0.10 0.01 0.17 ---- ---- ---- 0.66 ---- 0.16
702 (N=84) 0.06 0.02 0.02 0.04 0.01 0.38 0.08 ---- ---- 0.68 ---- 0.31
703 (N=66) 0.03 0.12 0.06 0.27 ---- ---- 0.86 ---- 0.42
704 (N=84) 0.02 0.02 0.08 0.44 0.01 ---- ---- 0.69 ---- 0.40
705 (N=84) 0.01 0.07 0.10 0.13 0.52 0.01 ---- 0.82 ---- 0.33
706 (N=84) 0.05 0.04 0.10 0.07 0.29 0.02 0.05 0.01 0.74 ---- 0.45
806 (N=96) 0.13 0.09 0.23 0.21 0.01 0.70 0.07 ---- ---- 1.65 0.08 0.95 0.01
810 (N=96) 0.05 0.06 0.05 0.07 0.26 0.03 ---- ---- 0.89 0.02 0.47
812 (N=96) 0.01 0.01 0.03 0.47 0.04 ---- ---- 0.80 ---- 0.33
815 (N=96) 0.06 0.01 0.17 0.01 0.15 0.02 ---- ---- 1.69 0.23 0.85
717 (N=84) 0.08 0.06 0.11 0.05 0.02 0.43 ---- ---- 0.96 ---- 0.17
718 (N=84) 0.01 0.12 0.04 0.18 0.48 ---- ---- 0.65 ---- 0.17
719 (N=84) 0.04 0.04 0.02 0.04 0.43 0.01 ---- ---- 0.65 ---- 0.33 0.01
721 (N=92) 0.04 0.04 0.03 0.01 0.74 ---- ---- ---- 1.21 ---- 0.21 0.01
726 (N=84) 0.06 0.05 0.04 0.07 0.42 ---- 0.02 ---- ---- 0.80 ---- 0.20
728 (N=72) 0.04 0.08 0.06 0.03 0.49 0.01 ---- ---- 0.90 ---- 0.19
817 (N=72) 0.08 0.06 0.01 0.07 0.40 0.01 ---- ---- 1.11 --- 0.49
818 (N=120) 0.06 0.08 0.01 0.04 0.23 ---- ---- 1.10 0.04 0.48
819 (N=72) 0.06 0.07 0.08 0.11 0.38 ---- ---- 1.49 ---- 0.39
821 (N=66) 0.05 0.03 0.03 0.14 0.32 0.05 ---- ---- 1.77 ---- 0.42
732 (N=80) 0.01 0.06 ---- 0.03 0.18 ---- ---- 0.25 ---- 0.03 0.01
733 (N=93) 0.02 0.01 ---- 0.04 0.20 0.09 ---- ---- 0.78 --- 0.27
737 (N=96) 0.08 0.04 0.08 0.09 0.61 0.02 ---- ---- 1.32 ---- 0.43
835 (N=72) 0.04 0.03 0.04 0.03 0.35 ---- ---- ---- 1.26 ---- 0.75
837 (N=72) 0.04 ---- 0.07 0.07 0.32 0.04 ---- ---- 1.21 ---- 0.53 0.01
838 (N=96) 0.03 0.01 ---- 0.06 0.01 0.31 0.01 ---- 0.03 ---- ---- 1.44 0.16 0.72 0.01
839 (N=72) 0.01 0.07 0.06 0.08 ---- 0.65 ---- ---- ---- 1.14 0.01 0.53



Appendix 4. Continued.

Species

Primary Cavity Nesters Secondary Cavity Nesters

Stand No. NOFL PIWO RBSA HAWO DOWO RBNU PYOW SPOW VASW TRSW WBNN CBCH BCCH BRCR BEWR HOWR

MATURE
740 (N=72) 0.03 0.19 0.03 ---- ---- ---- ---- 0.74 ---- 0.24 ----
741 (N=84) ---- 0.02 0.01 0.02 ---- 0.17 ---- ---- ---- ---- ---- 0.30 ---- 0.14 ----
742 (N=84) -- 0.05 0.02 ---- 0.10 ---- ---- ---- ---- ---- 0.30 ---- 0.33 ----
750 (N=84) 0.07 0.02 0.05 ---- 0.21 0.01 ---- ---- ---- ---- 0.40 ---- 0.24 ----
755 (N=84) 0.07 0.05 0.13 0.04 ---- 0.96 0.01 ---- ---- ---- 0.02 0.75 ---- 0.43 ----
840 (N=96) 0.01 0.06 0.02 0.13 ---- 0.29 0.01 ---- ---- ---- ---- 0.59 ---- 0.43 ----
845 (N=102) 0.03 0.02 0.05 ---- 0.24 ---- ---- ---- ---- ---- 0.96 0.04 0.30 ----
847 (N=96) ---- 0.04 0.07 ---- 0.13 0.01 ---- --- ---- ---- 1.25 0.09 0.34
848 (N=96) 0.07 0.11 0.07 0.16 0.03 0.60 0.04 ---- ---- ---- ---- 1.26 0.10 0.76 0.01

YOUNG
760 (N=84) 0.05 0.01 ---- 0.12 ---- 0.14 0.01 ---- 0.77 ---- 0.23 ----
761 (N=84) - - - - - - - - - - - 0.01 - - - - 0.17 - - - - 0.01 0.50 ---- 0.21 ----
7 6 4 (N=84) 0.02 0.04 - - - - - - - - 0.01 0.02 - - - - ---- 0.25 0.04 0.02
7 6 5 (N=84) ---- - -- ---- 0.08 ---- 0.06 ---- ---- 0.50 ---- 0.11 ----
860 (N=99) 0.03 0.02 -- 0.05 ---- 0.31 0.04 ---- 0.74 0.02 0.25 ----
861 (N=72) 0.03 ---- ---- ---- ---- 0.11 0.01 ---- 0.50 ---- 0.17 ----
862 (N=96) 0.04 0.01 ---- --- 0.01 0.51 ---- ---- 0.79 ---- 0.41 ----
865 (N=79) --- ---- 0.03 0.01 ---- 0.16 ---- ---- 0.66 ---- 0.22 ----
870 (N=96) ---- 0.01 0.01 0.08 0.01 0.14 ---- ---- 0.78 0.02 0.18 ----

a Calculated as the number of detections per visit (range 6-11) and per VCP station (range 7-12).

b NOFL = Northern flicker, PIWO = PiLeated woodpecker, RBSA = Red-breasted sapsucker, HAWO = Hairy woodpecker, DOWO = Downy
woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, SPOW = Northern spotted owl, VASW = Vaux's swift, TRSW =
Tree swallow, WBNU = White-breasted nuthatch, CBCH = Chestnut-backed chickadee, BCCH = Black-capped chickadee, BRCR = Brown
creeper, BEWR = Bewick's wren, HOWR = House wren.

c N = Number of VCP stations x number of visits to each stand (range 6-11).



Appendix 5. Total number of detectionsa (within 150 m) of cavity-nesting species, Oregon Coast Ranges, 1986.

Speciesb

Primary Cavity Nesters Secondary Cavity Nesters

Stand No. NOFL PIWO RBSA HAWO DOWO RBNU PYOW

OLD-GROWTN
702 (N=89)C 0.02 0.03 ---- 0.09 ---- 0.53 ----
704 (N=84) 0.02 0.06 ---- 0.12 ---- 0.98 ----
705 (N=84) ---- 0.05 0.04 0.17 ---- 0.67 ----
806 (N=84) 0.10 0.06 0.44 0.05 ---- 0.38 0.05
810 (N=84) 0.04 0.02 0.05 0.04 ---- 0.17 0.02
812 (N=84) 0.02 ---- 0.01 0.04 ---- 0.44 0.02
815 (N=84) ---- 0.05 0.01 0.06 ---- ---- ----
718 (N=82) 0.07 0.06 0.01 0.20 ---- 0.44 ----
719 (N=84) 0.02 0.06 0.04 0.07 ---- 0.60 ----
720 (N=84) 0.02 0.07 0.13 0.26 0.04 1.00 ----
722 (N=86) 0.05 0.07 0.01 0.16 0.01 0.70 0.01
726 (N=84) 0.02 0.05 0.05 0.17 ---- 0.44 ----
818 (N=84) 0.02 0.04 0.05 0.07 ---- 0.12 ----
819 (N=84) 0.04 0.04 0.12 0.15 ---- 0.74 ----
733 (N=84) 0.01 0.04 0.01 0.04 ---- 0.67 0.01
737 (N=84) 0.10 0.12 0.11 0.12 ---- 0.76 ----
835 (N=84) 0.04 0.06 0.04 0.11 0.02 0.44 ----
838 (N=84) --- 0.01 0.06 0.07 ---- 0.15 0.04
839 (N=84) 0.06 0.12 0.11 0.14 ---- 0.87 0.01

MATURE
742 (N=84) 0.02 ---- ---- 0.04 ---- 0.17 0.01
750 (N=93) 0.02 0.01 ---- 0.08 ---- 0.27 0.01
755 (N=84) 0.13 0.02 0.12 0.08 ---- 0.92 ----
840 (N=84) 0.01 ---- ---- ---- ---- 0.23 ----
845 (N=84) ---- 0.02 --- 0.08 ---- 0.15 0.01
847 (N=84) ---- 0.01 ---- 0.06 ---- 0.04 0.04
848 (N=84) 0.01 0.05 0.23 0.08 ---- 0.63 0.04

YOUNG

761 (N=84) ---- ---- ---- ---- .... 0.24 ----
764 (N=84) 0.01 0.02 ---- 0.02 0.01 0.08 ----
765 (N=81) ---- ---- 0.01 0.01 ---- 0.16 ----
860 (N=77) ---- 0.03 0.01 0.04 ---- 0.30 0.01
861 (N=84) ---- ---- ---- 0.05 ---- 0.18 0.04
862 (N=84) ---- ---- ---- ---- ---- 0.49 ----
870 (N=84) ---- 0.02 ---- ---- ---- 0.04 ----

WSOW SPOW

0.01

VASW CBCH BCCH BRCR BEWR HOWR

---- 0.72 - - 0.37 ----
0.18 1.00 ---- 0.62 --..
0.06 1.02 ---- 0.52 ----
---- 0.93 ---- 0.62 ----

---- 0.60 ---- ----
---- 0.51 ---- 0.46 0.01
---- 0.99 ---- 0.48 ----
0.05 0.35 0.01 0.43
---- 0.49 ---- 0.29 ----
0.02 1.24 .... 0.31 ----
---- 0.77 ---- 0.28 ----
0.08 0.74 ---- 0.46 ----
---- 0.62 ---- 0.36 ----
--- 0.89 .... 0.26 ----

0.01 0.80 ---- 0.24 ----
---- 0.99 ---- 0.38 ---- 0.12
---- 0.61 ---- 0.52 ----
---- 0.70 ---- 0.64 -
---- 0.73 ---- 0.56 ----

---- 0.45 ---- 0.49
---- 0.38 ---- 0.38
---- 0.70 ---- 0.58
---- 0.32 ---- 0.37
---- 0.26 ---- 0.38
0.02 0.62 ---- 0.21
---- 0.55 ---- 0.56

---- 0.30 ---- 0.17
---- 0.26 ---- 0.24
---- 0.58 ---- 0.38
---- 0.32 ---- 0.26
---- 0.25 --- 0.26
---- 0.04 ---- 0.15
---- 0.18 ---- 0.12

a Calculated as the number of detections per visit (range 6-11) and per VCP station (range 11-12).
b NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker, NAWO = Hairy woodpecker, DOWO = Downy woodpecker,
RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl, WSOW = Western screech owl, SPOW = Northern spotted owl, VASW = Vaux's swift,
CBCH = Chestnut-backed chickadee, BCCH = Black-capped chickadee, BRCR = Brown creeper, BEWR = Bewick's wren, HOWR = House wren.
c N = Number of VCP stations x number of visits to each stand (range 7-8).

0.50

0.01
0.07

0.01

---- ----
----

---- ----
---- ----
---- ----
---- ----
0.01 ----
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---- ----



Appendix 6. Percent occurrence at VCP stations in three stand types, Oregon Coast
Ranges, 1985 and 1986.

Stand Type

1985 1986

Speciesa Old-Growth Mature Young Old-Growth Mature Young

NOFL 21 20 10 20 14 1

PIWO 28 24 7 28 10 7

RBSA 24 12 3 26 19 2

HAWO 40 24 21 47 31 11

RBNU 84 75 62 81 71 63

PYOW 10 7 5 5 11 4

CBCH 96 88 88 93 85 64

BRCR 88 90 64 94 92 66

a NOFL = Northern flicker, PIWO = Pileated woodpecker, RBSA = Red-breasted sapsucker,
HAWO = Hairy woodpecker, RBNU = Red-breasted nuthatch, PYOW = Northern pygmy owl,
CBCH = Chestnut-backed chickadee, BRCR = Brown creeper.



152

Appendix 7. Mean densities (no/ha) and standard error of snags by
diameter (dbh) class in three stand types.a

Snags by Size Class

Stan 10-19 cm 20-49 cm >50 cm
Overall

Mean
Type (N=1925) (N=1581) (N=1178) (N=4684)

OG (N = 29) 6.1Cc 8.5B 12.8A 27.4B
(0.8) (1.1) (1.3) (2.0)

Mature (N 9) 17.98 27.OA 7.8B 52.6A
(3.5) (6.4) (2.8) (8.9)

Young (N = 9) 51.9A 19.2AB 6.5B 77.7A
(10.8) (6.8) (2.3) (16.7)

39.58*** 9.58*** 6.90** 20.71***

a Data are from circular plots.

b OG = Old-growth.

c Within each column, means with the same letter are not
significantly different (P < 0.05, Student-Newman-Keuls mean
comparison test).

d Based on one-way analysis of variance (Kruskal-Wallis ANOVA) among
3 stand types: ** P < 0.01, *** P < 0.001.

=



Appendix 8. Mean densities (no/ha) and standard error of snags by diameter (dbh) and decay
class in three stand types.a

Snags by Size and Decay Classb

Stand
Typec

OG (N = 29)

MAT (N = 9)

YNG (N = 9)

Fe

Si S2 S3 Mi M2 M3 L1 L2 L3

(N=621) (N=1075) (N=299) (N=171) (N=1047) (N=363) (N=72) (N=418) (N=688)

1.8Bd 3.5B 0.8B 0.98 5.2B 2.4 1.OA 15.3A 6.5

(0.3) (0.5) (0.1) (0.2) (0.7) (0.4) (0.2) (0.6) (0.8)

3.28 11.4A 3.2A 2.0AB 20.2A 4.7 0.2AB 2.1B 5.4

(1.0) (3.2) (0.9) (0.7) (5.1) (1.2) (0.1) (0.5) (2.6)

19.9A 27.2A 4.9A 2.9A 11.8AB 4.6 0.0 0.4C 6.2

(3.8) (8.8) (1.5) (0.9) (5.0) (1.8) (0.0) (0.1) (2.3)

20.89*** 35.13*** 11.56*** 4.36* 9.72*** 2.27 9.04*** 28.91*** 1.38

a Data are from circular plots.

b
S = 10-19 cm dbh, M = 20-49 cm dbh, L = 50+ cm dbh; 1 = Decay class 1, 2= Decay Class 2,

3 = Decay class 3.

c OG = Old-growth, MAT = Mature, YNG = Young.

d Within each column, means with the same Letter or means without letters are not
significantly different (P < 0.05, Student-Newman-Keuts mean comparison test).

e Based on one-way analysis of variance (Kruskal-Wallis ANOVA) among 3 stand types: * P <

0.05, *** P < 0.001.
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Appendix 9. Results of the principal components analysis (PCA) on
habitat and geographic characteristics in 1985.a

Principal Structure
Percent

Habitat total
component Matrix Score variable variation

1 Snags 10-19 cm dbh 28%
+0.94 Decay 1 (no/ha)
+0.77 Decay 2 (no/ha)

Conifers 10-49 cm
+0.90 dbh (no/ha)
-0.68 Canopy Height (m)
+0.63 Hardwoods (no/ha)

2 Snags 50+ cm dbh 14%
+0.76 Decay 2 (no/ha)
+0.65 Decay 1 (no/ha)
+0.73 Stand age (yrs)

+0.70
Conifers 100+ cm dbh

(no/ha)
+0.69 Elevation (m)
+0.65 Log cover (%)

3 Snags 20-49 cm dbh 11%
+0.83 Decay 2 (no/ha)
+0.67 Decay 1 (no/ha)
-0.61 Distance from coast

(km)

4 +0.78 Stand size (ha) 7%

-0.76 Latitude

5 Snags 50+ cm dbh 6%
+0.82 Decay 3 (no/ha)
-0.63 Shrub cover (%)

6 Snags 20-49 cm dbh 5%

+0.76 Decay 3 (no/ha)
-0.56 Maples (no/ha)

7 +0.91 Stand Aspectb 4%

8 +0.85 Slope (%) 4%

TOTAL CUMMULATIVE 79%

a Includes components with Eigenvalues >1.0.
b Cosine transformed
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Appendix 10. Results and interpretation of principal components
analysis (PCA) on habitat characteristics in 1986.

Principal
component

Structure
Matrix Score

Habitat
variable

Percent
total

variation

1 Snags 10-19 cm dbh
+0.92 Decay 1 (no/ha) 29%
+0.79 Decay 2 (no/ha)
+0.61 Decay 3 (no/ha)
+0.86 Conifers 10-49 cm dbh

(no/ha)
-0.73 Canopy height (m)
+0.73 Hardwoods (no/ha)

2 +0.74 Log cover (%) 16%
+0.72 Stand age (yrs)

Snags 50+ cm dbh
+0.71 Decay 1 (no/ha)
+0.66 Decay 2 (no/ha)
+0.71 Elevation (m)
+0.63 Conifers 100+ cm dbh

(no/ha)

3 Snags 20-49 cm dbh 12%
+0.87 Decay 2 (no/ha)
+0.87 Decay 3 (no/ha)

4 +0.77 Stand size (ha) 7%

-0.75 Latitude
-0.57 Maples (no/ha)
+0.56 Canopy cover (%)

5 +0.83 Shrubs cover (%)
Snags 50+ cm dbh

6%

-0.52 Decay 3 (no/ha)

6 +0.83 Midstory cover (%) 5%

-0.56 Slope (%)

7 +0.91 Stand aspectb 4%

TOTAL CUMMULATIVE 79%

a Includes components with Eigenvalues > 1.0.
b Cosine transformed.



Appendix 11. Mean and standard error of habitat and geographic characteristics in three
stand types, Oregon Coast Ranges, 1985-1986.

Characteristic
Old-Growth

(N=29)

Stand Type

Mature
(N=9)

Stand Size (ha)
Stand Age (yr)
Latitude
Distance from

Coast (km)

Slope (X)

Aspectc

Elevation (m)
Conifer Density

(no/ha)
10-49 cm
50-99 cm
100+ cm

Maple Density
(no/ha)

29.5 (2.0)
310.7 (14.5)Ab

43.7 (0.1)

50.3 (2.5)
46.3 (3.2)

1.0 (0.1)
388.0 (31.0)

113.6 (9.9)8
45.7 (3.6)B
26.7 (2.7)A

17.3 (3.6)

Other Hardwoods
(no/ha) 11.8 (2.1)

Canopy Cover (X) 32.6 (2.2)8
Midstory Cover (X) 33.9 (2.0)A
Log Cover (X) 8.1 (0.7)
Shrub Cover (X) 25.6 (2.3)
Canopy Height (m) 52.1 (1.4)A

31.4 (3.5)
102.8 (5.1)B
43.9 (0.2)

44.3 (7.4)

53.1 (4.8)
0.8 (0.2)

427.0 (60.0)

153.2 (19.5)8
75.9 (11.3)A
7.8 (2.8)8

20.0 (12.3)

8.6 (3.8)
37.1 (3.3)AB

21.9 (3.3)A8

7.0 (1.2)

29.6 (6.2)

48.0 (2.9)AB

Young
(N=9)

25.9 (3.8)
63.2 (5.6)B

43.8 (0.2)

40.8 (5.2)
45.8 (7.8)

1.0 (0.2)
386.0 (86.0)

324.6 (36.8)A
40.6 (12.9)8

1.3 (0.5)B

20.3 (8.7)

35.8 (13.9)

47.4 (3.5)A

16.9 (3.1)8

6.1 (0.8)
30.4 (5.3)

37.2 (2.7)8

Fa

1.30

0.68

0.44

0.36

20.17***
5.41**

37.30***

0.57

3.01

6.24**

13.13***

2.50

0.50

10.54***

a Based on one-way analysis of variance (ANOVA) among 3 stand types: ** P < 0.01, *** P <
0.001.

b Within each row means with the same letter or means without letters are notsignificantly different (P < 0.05, Student-Hewman-Keuls mean comparison test).
c Cosine transformed.

1.10

66.61***

0.58



Appendix 12. Variables used in multivariate analyses of nest-tree and nest-site characteristics.

Analysis

Nest-Tree Characteristics

Discriminant Function Analysis
(DFA) among species

DFA:Nest-tree vs Random Snags

DFA:Nest-Trees vs Random Snags
among stand types

Nest-Site Characteristics

DFA: Among species

No.
Variables Variables

4 Tree diameter (dbh, cm), tree height (m), bark cover
(X), number of limbs.

4 Same as above.

4 Same as above

11 Canopy height (m), densities of small (10-19 cm),
medium (20-49 cm) and large (>50 cm) snags,
densities of coniferous trees in 3 dbh classes, (10-
49 cm, 50-99 cm, >100 cm), shrub cover (X), midstory
and understory cover (X), canopy cover (X), log
cover (X).

DFA: Nest-Sites vs Random Plots 11 Same as above.

DFA: Nest-Sites vs Random Plots 11 Same as above.
Among stand types

v


