Habitat Use by Cavity-Nesgting Birds in the

Okanogan National Forest, Washington

by

Sarah J. Madsen

A thesis submitted in partial fulfillment
of the requirements for the degree of
Master of Science
University of Washington
1985

Approved by wz:%bvbod( 2A??Z¢L4L4£49994h§11-m__ﬂ___ﬁ

(Chairperson of Supervisory Committee)
Program Authorized :;;Q£4§T£ ég
to Offer Degree '
ate (8 Leptondue (985







University of Washington
Abstract

HABITAT USE BY CAVITY~NESTING BIRDS IN THE
OKANOGAN NATIONAL FOREST, WASHINGTON

By Sarah J. Madsen
Chairperson of the Supervisory Committee: Professor David A. Manuwal ,
: College of Forest Resources

A study of cavity-nesting bird sbundance, distribution, and habitat
preferences was conducted in the Okanogan National Forest (ONF) during
the spring and summer of 1983 and 1984. Study sites were selected to
represent managed and unmanaged commercial forest conditions, major
logging methode used in the ONF, and different policies concerning snag
retention.

I found 176 nests of 15 cavity-nesting bird species, and focused
nest site analyses on 89 nests of eight primary cavity-nesting
(excavator) species. WNest tree and stand characteristics were compared
among bird species and with sampled, available habitat using both
univariaste and multivariate analyses. I found 76% of the excavator
nests in dead trees, 15% in defective live trees (with broken or dead
tops), and 9% in intact live trees. Compared to available snags and
defective live trees, nest trees were larger in diameter, were more
likely to be ponderosa pine (Pinus ponderosa) or western larch {(Larix

occidentalis) than Douglas-fir (Pseudotsugas menziesii), and more often

had a2 broken top and outward evidence of decay. Tree diameters



>53 cm dbh and heights >24 m were preferred. Mean nest tree diameters
for six excavator species ranged from 44 cm dbh for the hairy

woodpecker {Picoides yillosus) to 84 cm dbh for the pileated woodpecker

(Dryocopus pilestus), and the mean for all excavators was 65 cm dbh.

4 higher proportion of excavator nests were found in unmanaged than

*

managed sites, but nesting species composition varied among management
types. The number of snags >33 cm dbh was higher in excavator nest
stands than in sample plots of study site stand structure.

Characteristics of snags, stubs, and defective live trees with
foraging evidence were compared with those of corresponding avaiiable
trees. Similar to nest trees, western larch sand poundercsa pine,
diameters >33 em dbh and heights >24 m were preferred.

Cavity-nesting bird abundance was highest in sites containing

>3.5 snags >53 cm dbh/ha. Bird abundance increased in relationm to snag

density, and was most closely correlated with the density of snags

— R e —

>33 em dbh. No difference was found ip bird abundance in unmanaged

-

- S

gites and sites where high soag densities were retained during logging.
Management implicstions of the study, and specific recommendations
concerning snag density, snag recruitment, and firewood cutting, are

discussed.
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INTRODUCTION -

Snags, or dead standing trees, have been a persistent concern tﬁ
forest resource managers, but a considersble transition has occurred in
the focus of this concern. During early years of.commercial forestry
in the United States, e&nd until quite recently, dead trees were simply
regarded a6 2 "danger to the very health and existence of the forest"
and "a clase of useless and detrimental material®™ (Wesver 1921:507)
that should be eliminated from forest lands. From the prevailirg
viewpoint of timber protection and production, snags were fire hazards,
interfered with efficient silvicultural practices, harbored insect
pests, and threatened the safety of forest workers. Consequently,
studies were conducted to determine the most effective techmique for
snag disposal (Weaver 1921, Kolbe 1939), as well as how long these
hazards remained standing in the forest (Keen 1929}, and snag-felling
became established a8 a routine procedure in timber management
operations {(Hawley and Swmith 1954, Brown and Davis 1973).

In the past 10 vears, however, there has.been increased concern for
the importance of maintaining snags as wildlife habitat in managed
forests. HNumerous studies during this period documented extemnsive use
of snags by cavity-nesting birds for nest, roost, and forage sites, and

also discussed the critical need for snag retention and management



guidelines for these species (Jackman 1974; Balda 1975; Conner et al.
1975; McClelland and Frissell 1975; Bﬁll and Meslow 1977; MeClelland
1977: Bull 19?8; Raphael and White 1978; Scott 1978; Evans and Conner
1979; Thomas et al. 1979; Mannan et al. 1980; Raphael and White §984;
Zarnowitz and Manuwzl 1985). The beneficial role cavity-nesting birds
may play in regulating populations of ipsects that demage and degrade
grees grown for timber production (Otvos 1963, Beebe 1974, Kroll and
Fleet 1979, Otvos 1979) has alsc received greater attention. Further-
more, many federal laws, such as the Multiple Use and Sustained Yield
Act, Endangered Species Act, and the National Forest Management Act,
now require that resource mansgers evaluate effects of forest land-use
activities on wildlife habitat.

Despite the recognized need for enags as wildlife habitat, many
forest management objectives and contraints, including maximizing
timber production, meeting public demands for firewood, and complying
with safety and fire protection standards, continuously canflict.with
snag management goals. Because of these conflicts, and concern for
gnag attrition sssociated with past and present management practices,
forest managers need specific information about cavity-nesting bird
habitat requirements that will be useful in forest planming and
management. Except for limited anecdotal.accounts (Burdick 1944, Wing
1944, Jewett et al. i953), forest managers lacked such information for

cavity-nesting birds in the Okanogan National Forest (OKF).



The primary cobjectives of this study were to:

(1) Describe habitat characteristics of nest and forage sites used
by cavity-nesting bird species.

(2) Compare forest structural features of available habitat with
those of Belectea habitat.

(3) Determine the relative abundance and distribution of cavity-
nesting birds among unmanaged and managed commercial forest types.

(4) Examine relationships between the relative abundance of cavity-
pesting birds and the presence of dead standing and down wood, and

(5) Suggest guidelines for cavity-nesting bird habitat management

in the ONF,



STUDY AREA

The ONF is located in north central Weshington (Fig. 1) and
occupies approximately 680,000 ha in Okanogan, Skagit, Whatcom, and
Chelan counties. Administered lands extend from the Canadian border
south to the Methow/Chelan Divide, and from the North Cascades Natiomal
Park esst to the Okanogan and Ferry County line.

Most of the ONF lies within the Okanogan Highlands Province
(Franklin and Dyrness 1973), which consists of several upland sreas
characterized by moderate slopes and broad, rounded summits. Except
for major, north-south river valleys, elevations within the province
average over 1200 m. Widely scattered peaks range up to 2200 m. The
western portion of the ONF lies within the North Cascades Province, and
includes both eastern and western slopes along the Cascade Crest. In
contra;t to the Okanogﬁn Highlands, the topography of this srea is
characterized by irregular ridges and peaks ranging from 1800-2600 m,
stéep glopes, and deep, U-ghaped valleys.

Both dry continental and moist maritime climate types occur on the
ONF (Williams and Lillybridge 1983). Precipitation patterns are
primarily influenced by the Cascade Range, which intercepts westerly
Pacific weather Bystems and creates a rainshadow over eastern areas of
the forest. Average annual precipitation varies from 25 e¢m at lowest

elevations to between 150-300 cm along Cascade slopes. In the Okanogan

i
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Highlands, snnual precipation averages from 50-75 cm. Most precipétion
occurs between Hovember and April and falle as sunow {Donaldson and
Ruscha 1975).

Approximately 40% of the ORF is classified as commercial forest
land svailable for silvicultural management (ONF Draft EIS 1982). The
remaining lands are designated incapable of timber production (48%) or

are reserved as wildermess and research natural areas (12%Z). Commer-

cial forest lands sBupport mostly mixed coniferous stands of Douglas-fir

{Pseudotsuga menziesii), western larch (lLarix pccidentalis), and

pondervsa pine (Pinus ponderosal; subalpine fir {Abjes lasiocarpa) and

Engelmann spruce (Picea sngelmannii) occur primarily at higher
elevations. Lodgepole pine (Pinus contorta) stands occupy about 25% of
commercial forest lands. The most common deciduous tree species are

aspen (Populus tremuloides) and willow (Salix sp.ﬁ. Wildfire, both
high intensity and more frequent but lower intemsity surface fire, has
influenced stand structure and composition over most of the forest.
The forest types found on the ONF are most similar to those within
the northern Rocky Mountain region, however characteristice of moist

Pacific coastal types mix with continental Rocky Mountain elements

Range (Franklin and Dyrness 1973). A more detailed description of ONF
vegetation patterns and associations is found in Williams and

Lillybridge (1983).



All field work was conducted on the Tonasket Ranger District (RD),
which occupies lands to the east and west of the Okanogan Valley

(Fig. 2). The western area was officially the Conconully RD prior to

consolidation in 1982.
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METHODS

Study Sites. Twelve sites (Fig. 2) were established for study of

cavity-nesting bird abundance and habitat use. I studied six sites on
the east side of tﬁe Tonasket RD in spring and summer of 1983; west
gide sites were studied during the same period in 1984,
Site selection was coordinated with ONF biologists and timber
staff, and sites were chosen to represent (llareas classified as
 commercial forest lands, (2)managed and unmanaged conditions,
{3)dominant mixed coniferous wet (CDS9) and dry (CDGl) ecoclasses
within the ONF land inventory system tHall 1979, ONF 1980) where most
commercial timber harvesting occurs, {4)stand structural characteris-
tics resulting from major logging methods used in the ONF (partial and
shalterwood cuts), (5)areas where snag densities may have been affected
by different policies concernihg snag retention,_énd (6)relatively
uvniform areas at least 40 ha in size. Aerial photographs, information
concerning stand history, and on-site reconnaissance were used to
 identify potential areas.
Classification of study sites gccording to the above criteria is
presented in Table 1. All sites Qere approximately 60-85 ha, and
- average elevationg ranged from 1000-1500 m. Douglas-fir and western
larch were the dominant tree species on each site, but proportions of

other coniferous species differed in wet and dry productive ecoclasses,
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Table 1. Classification of study sites, Tonasket RD, 1983-84,

- Unmanaged ' Managed
Partial Shelterwood
Ecoclass/Location ' cut cut
Wet productive
East side Roggowa Turner® Baileyd
West side Muckb S&ripe Spikef
Dry productive
. . a .. d . d
Fast side Burge Strike Frost
West side Orioleb Rainye McCayf

a)Unlogged, snag cutting prohibited after 1977.

biUnlogged, snag cutting permitted.

¢)Most snags felled during logging entries, smag cutting prohibited
after 1977.

d)Snags retained during logging entry, snag cutting prohibited after
1977,

eiMost snags felled during logging entries, snag cutting permitted.

fiMost snags felled during a&ll but the most recent logging entry, snag

cutting permitted.
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Dry productive types contained a higher compoment of ponderosa pine,
and lower proportions of subalpine fir, Engelmann spruce, and lodgepole
pine, than wet productive types. Replicate sites within a defined
category {(e.g. managed, dry productive, partial cut) were similar in
general vegetation gtructure and composition, but most replicate
managed sites differed in the number of logging entries and management
direction concerning snag retention.

A policy prohibiting smag cutting, both during timber harvesting
and for firewood, was implemented.on the east side of the Tonasket RD
in 1977. 7Firet, single logging entries occurred on the Strike, Frost,
and Bailey sites while this poliéy was in effect, and snags were
retgined. The Turner site was partially logged prior to 1977, and low
large snag abundance in this area indicated most snags were felled
during timber harvesting.

West side manaped sites represented areas where timber harvesting
bad occurred two to four times, and most snégs were routinely felled.
Iuring the most recent logging entry on the McCay and Spike sites,
SNAES were retaiﬁed; however, few large snags Qtill existed in these

sreas because of previous logging activities. Snag cutting for

Avian Populations. Avian populations were cemnsused in all study

sites using the Point Count method. Details of this technique are

¥ described in Ralph and Scott (1981) and Vermer (1984). The general
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array of point count stations was according to that suggested by
Reynolds et al. (1980). ‘Twelve sampling points {stations) were
systematicall§ located at 200 m intervals along transects established
in esch site. All stations were at least 200 m from the next nearest
station, and 100 m from roads and edges of adjacent habitat,

Four censuses were conducted in each site from 24 May to 15 July
during 1983 and 1984. Censuees occurred between 0530 and 1000 hrs, and
the starting point alternated between opposite ends of the transect on
each visit. Detections of cavity— and noncavity-nesting species were
recovded during an 8 min count period at each station. All counts were
preceded by & 1 min pause time beginning upon srrival at the station.
Simultaneous observations of conspecifice, and location and flight
direction of wide-ranging species (e.g. woodpeckers), were regularly

noted to minimize duplicate counts of one bird.

Kest Site Charscteristics. I searched for active cavity nests in
ail study sites during May, June, and July. Searches were conducted
after Point Count censuses snd during at least one additional visitg,
~usually in early morning. Total search time was standardized as
nloaeiy a8 possible among sites. Occasionally I followed birds beyond
 nite boundaries if they were observed on the site but appeared to be
.pesting in an adjacent area.

A potential nest was defined as active if I observed adults

entering the cavity to incubate eggs or feed young, or heard sounds of




13

'ycung calling from the nest. Measurements of each active mest were
obtained after the young had fledged.

Characte?istics recorded for each nest tree included: tree
species, condition {live or dead), height, and diameter at breast
height (dbh); top condition (intact of broken); percent remaining bark,
limbs >! m, twigs, and needles; number of nest holes; and surface
evidence of heartwood decay and fire. Decay evidence was classified as

(0)absent, (1)conk (fungal fruitiumg body) present, (2)decay in exposed
heartwood, {3)ant dust or deep pileated woodpecker feeding holes at
base, (é)parté of the mgin stem dead and decay visible in cracks, or
{5)knots swollen (McClelland 1977). Active nest hole height,
“grientation, and relation to canopy were also recorded. Most nest
trees were photographed.
weog sampled habitat surrounding the nest (nest stand) in 0.04-ha and

© §.4-ha circular plots, both centered at the nest tree. Within each

snd number of live stems by size classes (>4-8, >8-15, »>15-23, >23-38,

'$38-53, >53-69, >69-84, >B4-102, and >102 cm dbh) (James and Shugart

“¢6 w and >1 m tall) and stumps (>15 cm dbh, <1 m tall). Snags (dead
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classes >15 cm dbh as live stems, and sll characteristics described for
nest trees were measured. Logs >1.3 m in length were grouped into four
decay (Maser ét al. 1979) apnd diameter categories: (1)Class 1-2
{hard), >30 cm (2)Class 1-2 (hard), 1529 om (3)Class 3-4 {soft),

230 cm and {(4)Class 3-4 (soft), 15-29 cm.

Study Site Habitst Sampling. I sampled habitat characteristics of

study sites in 0.04-ha and 0.4~ha plots centered at the 12 Point Count
stations systematically located along transects in each area. All
" methods and measurements were the same as those described for plots

gpurrounding nests.

Foraging Evidence. I inepected snaps, defective live trees, stubs,

and logs measured on study site habitat samples for evidence of for-

- aging use by cavity-nesting birds. Evidence was limited to outward
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either round or square-shaped holes. Presence of feeding evidence on

logs was tallied by decay/diameter cleass.

Data Analysis. Principal components analysisrwas used to examine
variation in nest site characteristice among six cavity-nesting
species. Two analyses on separate sets of nest tree and nest stand
variasbles were performed using the SPSS program FACIOR without rotation
(Kie et al. 1975). Principal component axes accounting for at least
10% of the total sample variance were interpreted by the relative sizes
of correlations between axes and original variables. Descriptions of
the use of principal components analysis as a data reduction and
ordination technique for describing habitat relationships among
breeding bird species are found in James (1971), Whitmore (1977},
Conner and Adkisson (1976), and Rottenberry and Wiens (1981).

I used a2 series of two-group discriminant fumction analyses-(SPSS,
Klecka 1975, Bull and Nie 198l) to compare (l)nest stand habitat
structure with samples representing general vegetation structure of
study sites, (2Z)characteristics of snags.and defective live trees
containing confirmed nests with sampled snags and defective live trees
lacking nest holes, and (3)snags snd defective live trees with and
vithout foraging evidence. Previous cavity-nesting bird studies using
-8 similar approach include Connmer and Adkisson (1977), Bull (1980),

Barris (1982}, and Raphael and White (1984).
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Stepwise discriminant analyses were performed using Wilks” method,

and the single function derived for each analysis was evaluated by the
significance of the chi~square statistic based on Wilks” lambda (Klecka
1975). Discriminant functions were interpreted according to the
magnitude of pooled within-groups correlations between the discriminant
score and original varisbles (structure matrix) (Hull and Nie 1981:299,
Marascuillo and Levin 1982, Raphael and White 1984). I used
¢classification techniques (Klecka 1975) to assess whether & disciminant
" function effectively defined group differences; classification was
based on the same dats set used to compute the discriminant function.
The proportion of cases correctly classified according to actual group
membership indicéted the success of between-group discrimimation.
| .I illustrated preferences for categorical habitat characteristics
(e.g. tree diameter class) with an index representing the difference
between the proportion used and proportion available within each
catefory (Strauss 1979). Values of this preference index range from
. =1.0 to 1.0: & value of 0 indicates a category is used in equal
' proportion to availability. I used s bivomial test (Zar 1974, Raphael
and White 1984) to gnalyze the significance of non—zero values, and
controlled the femilywise error rate at <.05 for &ll comparisons
{Bonferonni method, Marascuillo and Levin 1982). Binomial tests were
i performed only if the results of a chi-square test including all

categories was eignificant.
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Point Count census data were analyzed using detection rates,
calculated as the average number of birds recorded per 8 min count
period (ﬁarcoi 1983). A single census included 12 count periode, and
four censuses were conducted per study site. Detection rates for each
species were determined separately by census andlaveraged. For the
purposes of this study, detection rates provided a useful relative
abundénce index for comparing study sites and examining habitat
relationships.

Differences in cavity-nesting bird abundance and snag‘denSities
smong sites were tested using oneway analysis of variance (ANOVA) and
multiple range tests; both detection rates and snag densities used in
these analyses were transformed using log, (X%l). T used correlation
enalysis te compare relationships between bird abundance and study site
hebitat characteristics.

Live tree density and basal area variables entered in all analyses
were calculated using trees >8 cm dbh. Defective live trees were not

. included in total live tree density and basal area values.



RESULTS

I observed 17 cavity-nesting bird species in the Tonasket RD during

the 1983 and 1984 breeding sessons, and found 176 active cavity nests
of 15 species (Table 2). Most nests (n=135) were located within the
study sites (77%1), where systematic searches were conducted, and the
remaining nests {(n=41) were found in areas outside site boundaries.
The nest site results I report here are based on analyses of the
89 nests of primary cavity-neeting (excavator} species found in study
sites (Table 2). This approach was taken because {lithese species
initially select nest site characteristics and create holes
subsequently used by secondary cavity-nesters {nonexcavators), and
(2)direct comparisons could be made between nest site and study site
habitat cha?acteristics. Off-site mest characteristics of excavator
species are presented in Appendix I.
Bird census resulis include both excavator and monexcavator species

* gbserved im study sites during Point Count censuses.
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Table 2. <Cavity-nesting bird species observed on study sites
during the 19583-84 breeding seasons, number of active cavity
nests found on and off study sites for each species, and common
name codes used in this study. Scientific names follow American
Qrnithologists' Union (1982).




Bird species

Active nests Active nests

by

Classification/Species code on sites off sites
Primary cavity-nesting speciesa
Yellow-bellied sapsucker’ YBSA 0 4
{Sphyrapicus varius)
Williamson's sapsucker WISA 20 12
{Sphyrapicus thyroides)
Hairy woodpecker HAWO 5 4
- {Picoides villosus)
Three~toed woodpecker TTHO 1 0
(Picoides tridactylus)
Black~backed woodpecker BBWG 1 0]
o {Picoides arcticus)
Korthern flicker NOFL 16 ' 7
(Colaptes auratus)
Pileated woodpecker BIWO é 4
{Drvocopus pileatus)
Red-breasted nuthateh RBNU 35 1
{Sicta canadensis)
White-breasted puthatch WRNU 5 0
{Sitta carolinensis)
Secondary cavity-nesting speciésc
¢, American kestrel AMKE 4 1
(Falco sparverius)
Flammulated owl FLOW 0 o
' {Otus flammeolus)
" Borthern saw-whet owl SAQW 1 0]
fAegolius acadicus)
Black-capped chickadee BCCH 1 o
(Parus arricaplllus)
Mountain chickades MOCH 33 7
{Parus gambeli)
Boreal chickadee BOCH 0 4]
{Parus hudsonicus}
Brown creeper BRCR 7 0
{Certhia americana)
“Hountain bluebird MOBL G 1
(5ializ mexicanal
Total primary cavity-nesters 8¢ 32
Total secondary cavity-nesters 46 5
Total cavity nests 135 41

&}Excavators: species that excavate thelr own nest.cavities.
" ROFL occasionally use existing holes,

b}Red-naped sapsucker (§. varius nuchalis)
JRonexcavarors: specles that nest in existing cavities,
secasionally excavate their own nest cavities.

RBNU, WBNU and

MOCH and BCCH
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. Best Tree Characteristics

)

Condition. I found 76Z of the excavator nests in dead trees (snags
and stubs), 157 in defective live trees, and 9% in intact live trees
(Table 3).. ‘The majority of nests of all species, éxcept the

e Hilliamsdn’s sapsucker, were in dead trees. Spags cont:ained the

ij highest proportion of all nests, and defective live trees held more
;;?"nes:s than either stubs or intact live trees.

A general comparison of the relative proportion of tree conditions
used for nesting with proportions available indicated that snags and
“defective live trees were preferred nest sites. Only 5% of trees

{>15 em dbh) in all conditions counted onm habitat sample plots were

snage, but 69% of all nest trees were snags. S8imilarly, proportions of

Tree Species. Nests were located in five species of trees (Table
:4}. The highest proportions of all nests were in ponderosa pine (46%),
western larch (32%), and Douglas-fir (21%). Most mests of individual
‘?ird species were found either primarily or exclnsivelf in ponderosa
Pine and western larch. Only the northern flicker and red-breasted
sethatch nested in Douglas~fir. Of the remaining five tree species

'that occurred on study sites (pooled in the "other" category), only

t aspen (n=3) and willow (n=1) were used for nesting, which comprised 1%

tof all nests.




- Table 3. Numbers cf excavator nests in different tree conditions.

Dead tree Defective live Live Sample

Bird species Snag Stub tree free size
WISA 7 0 10 3 20
HAWO 2 1 0 2 5
TTWO 0 0 g I 1
BBWO 1 0 0 0 1
NOTL 13 2 0 1 16
PTWO 6 4] 0 0 &
RBNU 29 3 3 0 35
WBNU 3 I 0 i 5
Total 61 7 13 8 B9

o
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Tree conditions used for mesting differed among tree species (Table
4}, Over 90% of all neste in ponderosa pine and Douglas-fir were in
 dead trees, Sut 57% of the nests in western larch were in defective and
intace live trees. All aspen mest trees were alive.

To determise whether observed patterns of tree species and
condition use for nesting differed from genmeral forest compositionm, I
used preference indices (Strauss 197%) to compare the proportion used
with the proportion available for each tree species within four
.conditian categories. If nest site selection was random, expected use
would not significantly differ from availability.

Ponderosa pime and western larch were selected in greater
propertion than either occurred on study sites, if all tree conditions
vere included (Table 4), however dead ponderosa pine were highly
'preferred-and'dead larch were used in proportion to availability. Both
defective and intact live larch were selected in much higher proportion

tree species on

{ than they occurred. Douglas-fir was the most abundant

significantly less thao expected ip each

‘a1l study sites, but was used

3 R L T ———— ” ™

-gondition. The "other" tree spescies were also used less than expected

*ip all conditions except live, which was due to the inclusion of aspen

in this group.

Dismeter and Height. The mean dismeter (dbh) of sll excavator
mept trees (n=B9) was £5.2 cm, and mean height and nest hole height
were 23.4 m and 13.7 m, respectively (Table 5). In multiple range

i

eowpsrisons among six species, I found that differences in mean tree
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Table 5. Mean nest tree diameter, height and nest hole height for
excavator specles on study sites., See Table 2 for bird species codes,

Nest tree Nest tree Nest hele
dbh (em) height (m) height (m)
Bird Species  Mean sD Mean SD Mean SD
PIWO 84.2 3% 17.5 36.7 B 9.1 16.1 A 3.4
NOFL 70.4 B 27.2 20.8 A 11.9 4.3 A 9.7
WISA 69.6 AR 22.0 27.8 AR 8.6 15.6 & 6.3
RENU 63.5 AR 30.4 21.4 A 12.2 13.2 4 8.2
WBNU 54.3 A 20.1 19.9 A 13.7 11.8 A 13.7
HAWO 44,2 A 19.4 16.6 A 12.3 10.3 A 8.3
TTHO? 31.7 - 25.6 - 3.7 -
BBWO® 29.0 - 19.2 - 1.4 -
All species 65.2 27.1 23.4 11.8 13.7 8.3

a}Within each column, mean values with the same letter are not signifi-
-cantly different (p >.05, Duncan's multiple range test).
b)Not included in multiple range tests due to sample of cnly 1 nest.
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dismeter varied less than mean height. The mean diameter for each

species, except the hairy woodpecker, was >53 cm while mean tree height
ranged from 16.6 m to 36.7 m. Although the hole height of all nmests
ranged from 1.1 m to 41.5 m, po interspecific differences were found in
mean neet hole height.

I examined potential tree size preferences by comparing the
proportions of all active nest and available trees (dead and defective
live only) in four diameter and five height classes (Table 6). Larger

diameter trees (>53 cm dbh) were preferred, and trees in smaller
dismeter classes were used less than expected. Tree height preferences
. followed a2 similar pattern, with trees in the tallest height clase

(>24 m) used in greater proportion tham availability, and trees <6 m
less frequently than expected. Intermediate heights were selected in

;approximate proportion to availability.
&

Decay. I evaluated the decay condifion of pest trees using

‘knots, etc.). As a live tree declines in vigor, and after it dies,
iy . . . .
% both external and intermnal structural characteristics change in gradusl

7
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Table 6. Proportions of all active nest and available trees (dead
and defective live only) in various diameter and height classes.

Nesting Use Avallability Preference
uy (4) Index@
Diameter Class(om)

»>l5 - 23 5 ‘33 -0.28%
>23 - 38 14 29 ~0.15%
>38 - 53 15 20  -0.05
>53 67 18 G.409%
<6 9 33 ~0.26%
>6 - 12 15 11 : “0.04
»12 - 18 12 12 0.00
»18 -~ 24 15 19 0,04
>24 49 24 0.25%

2) (U - A) + 100 (Strauss 1979).
fm Use significantly differs from availability (p <.05, binomial test).

i
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organisms that germinate and extend hyphae through exposed dead wood
connected with the heartwood; these hyphae cannot directly penetrate
bark or liﬁing sapwood (Boyce 191). These decay organisms may also
attack the heartwood through wounds caused by fire, mechanical damage,
lightning, animals, or insects such as bark beetles (Scolytidae) ané
woodborers (Cerambycidae, Buprestidae).

1 defined six decay stages using external physical tree character-
istics (Table 7) based upon those described by Raphael and White
(1984); similar decay stages were slso defined by Cline et al. (1980).
Live nest trees with intact live tops were excluded from the classifi-
cation, and all stubs were included in decay stage 6. Decay stages 2«4
represented hard smags, stages 3-6 were soft snags, and stage |
included defective live trees.

I found the largest proportion of all mests (47Z) in soft snags,
and & fairly high proportion (25%) in decay stage 4, which were harder
spags. A comparison of the percentages of trees used and available in
different decay stages (Table 7) indicated that & significantly higher
‘proportion of snags in stage 5 were used for mesting than expected,
stages l-4 were used in approximate proportion to availability, and
stage 6 was used significantly less than expected. A larger number of
nests were located in broken top than intact top trees in most decay
-stages, end generally broken tops were highly preferred. Broken tops
comprised only 301 of available trees in all decay stages, but 74% of
&8l]l vest trees had broken tops.

Decay stape use varied among individual bird species. The highest
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proportions of Williamson's sapsucker nest trees were in decay stage 1
(50%) and stages 3 and & (24%). Pileated woodpecker nest trees were
exclusively in stages 4 and 5, and those of the white-bressted nuthatch
were primarily in stages 3 and 4. The majority of hairy woodpecker,
red-breasted nuthatch, and northern flicker mests were in soft snags
(stages 5 and 6). The latter two species aleo located a smaller
proportion of nests in hard snags. Those of the red~breasted nuthatch
were excavated in knotholes, exisitng foraging excavations that had
penetratgd the sapwood, or in softer portions of the bole, whereas
chose of the northern flicker were in old pileated woodpecker nest
holes.

I observed outward evidence of bheartwood decay on 794 of all nest
trees, and on only 26% of sampled snags and defective live trees.
Conks were present on 14% and 7% of nest and available trees,
respectively. Nearly all of the pest trees with conks were broken top
western larch or Douglas-fir, and had fire scars. Conks of Fomes
laracis sccurred on defective live larch, usually within 1-2 m of the
sctive neat hole, which indicated the existence of heartwood decay at
the cavity location.

To determine whether the presence of heartwood decay increased from
the least to the most deteriorated decsy stage in both nest and
available trees, I examined the proportion with decay evidence in esach
stage for both groups. Among available trees, the proportion with
gigns of heartwood decay remsined consistently low (<25%1) in stages

1-4, snd increased only slightly in stages 5 and 6. For nest trees,




however, the proportion exhibiting outward signs of heartwood decay
remained copsistently much higher than available trees within each
stage, and appfoximately the same proportion had decay evidence in
stage 1 as in stage 6 (>80%). These results suggest that excavators

prefer trees in each decay stage with heartwood softened by decay.

Principal Components Analysis of Nest Tree Characteristics. Varia-
tion in nest tree characteristics among six primary cavity—nesting
species was examined using principal components analysis. This method
was & useful tool for simultaneously evaluating e set of intercor-
related nest tree measurements for each bird species, and reducing the
i.complexity of this multimensional data set to describe among-species
similaritiés and differences. The orthogonal components formed in the
gnelysis are linear combinations of the original variables, and each
component defines & known proportion of the total variance within the
data set.

£leven variables were included imn the analysis (Table 8). Top
condition, decay and fire evidence, and the three tree species were
entered as dichotomous variables, which assumed the value of O if the
characteristic wae absent or 1 if presenmt. Tree condition was coded g8
0 if live or defective live, or ! if dead. Limb presence gssumed coded

values of 1-4 representing 25% intervals between 1% and 100%, or O if
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Table 8. Results of the principal components analysis of 1l nest tree
variables for 6 species of primary cavity-nesting birds.

Principal Component

I i1 ITI v
Total variance
accounted for(%) 28.2 18.6 16.1 10.9
Cumulative total
variance (%) 28.2 46.8 62.9 73.8
Correlations of components
"to original variables
i Height (m) 0.85 .29 0.00 0.12
Diameter (cm) (.58 .37 .33 0.41
Western larch 0.89  -0.33 g.18 -0.51
Fonderosa pine -(.32 g.73 ~(.48 0.10
Douglas-fir ~-(.41 -0.38 0.50 0.53
"Top condition .64 0.00 ~0.36 0.03
Tree condition -0.57 0.61 0.20 0.04
Fire evidence . 0.45 0.22 0.36 0.36
Limb presence 0.49 -0.17 -0.59 0.43
Decay evidence : 0,24 0.06 0.89 -0.09
Bark cover (%)@ ~0,22 ~{0.75 -0.19 0.37
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Results of the principal components analysis are summarized in

- Table 8. Four ccmponents,.which together accounted for 73.81 of the
total varianée, were derived. The first component was most highly

correlated with nest tree height, western larch, presence or absence of
top, and dismeter, and accounted for the greatest pefcentage (28.2%) of
the totai varignce. High values on the firat compomnent correspond to

tall, larger diameter, western larch nest trees with inpact tops.

The second component accounted for an additional 18.6% of the total

' variance (Table 8), and was positively correlated withgponderosa pine

;and tree condition, and negatively correlated with the amount of bark

- remaining on the stem. Dead ponderosa pine nest trees with lower

propertions of bark would be expected to assume high values on this

- component, whereas live and defective live nest trees of other tree

species would have low values.

The third and fourth components accounted for 16.12 and 10.9%,

respectively, of the total variance. The third component was most

positively correlated with the presence or absence of decay, and

eomponents (Fig. 3). As can be seen along the first component axis,
1
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pileated woodpecker and Williamson”s sapsucker nest trees were taller
end larger in diameter than those of other species, and a larger
proportion weré western larch with intact tops. The hairy woodpecker,
which had the lowest value on this axis, nested primarily in shorter,
smaller diameter, broken—topped trees and none wefe western larch.
Nest tree characteristics of the pileated woodpecker and
Williamson“s sapgucker were distinetly separated aslong the second
component axis (Fig. 3), and each also remained separated from the
other four species. All of the pileated woodpecker nest treee were
dead, half were ponderosa pine, and the average amount of bark
3,remaiﬁing on the stem was less than 20X. The majority of Willieamson's
sapsucker mest trees were defective live or live, few were ponderosa
pine, and the average smount of bark remaining on the stem was 90%.
The other 4 bird species assumed intermediate values glong the second
'_axis, and the considerable degree of overlap in variation around
-respective mesn values indicated greater among-species #imilarity in
nest tree characteristics defined by this axis. Dead ponderosa pine
irees held a large proportion of the nests found for these species, but

each bird slso nested in other tree specieg, and located gt least ome
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for nesting. Active nest trees formed one group,land sampled trees
without mest holes (non-nest) the second group. All anslyses excluded
both nest and non-nest intact live trees and stubs.

The 11 variables used in the principal component 8 anzlysis
comparing nest tree characteristics among bird species were also used
in the digcriminant analyses, and all varisbles except tree dismeter
wvere coded and entered in the same manner. Tree diameter was repre- I
gented by the basal area factor for the tree diameter size class (e.g.
size class >23-38 cm dbh = 0.07 m2 ) (Jamee and Shugart 1970) of each ‘
" tree included in the snalyses, since I measured the size class and not i
_the actual dbh of sampled trees. ﬁ

In the first discriminant analysis, I pooled snags and defective
live trees to compare characteristics of active nest (n=74) and
non-nest {n=951) trees (Table 9). Six variebles significantly
contributed to the discrimination between groups: tree diameter, the
proportions that were ponderosa pine and Douglas-£fir, top condition,
ldecay evidence, and bark cover. &ll of these variables, plus fire
evidence, were most highly correlated with the discriminant score,

Fest trees were larger in dismeter, were more likely to be ponderosa

.mon-nest trees according to actusl group wmembersghip. The classifi- i
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correctly classified indicates lower similarity, or less overlap,
‘rrbetween gEYoups.

The second amalyeis included only nmest (n=61) and nom-nest (n=784)
snags. The same variables selected in the first analysis, with the
addition of tree height (Table %), best distinguished the character-

istics of these two groups, but variables entered the equation at

first, followed by tree diameter, top condition, bark cover, decay

i evidence, the proportion that were Douglas-fir, and tree height. 1In
- addition to the characteristics described for the first analysis, nest
tﬁnags were taller than non-nest snags. The discriminant equation
successfully classified 92% of all active nest and non-nest snags.
The third analysis was based on nest (n=13) and non-nest (n=167)
ﬁefective live trees {(Table 9). Seven variables significantly
contributed to differences between groups: decay evidence, top
condition, tree diameter, the proportions that were western larch and
- ponderosa pine, fire evidence,; and limb presence. Variables
identifying the discriminant function indicated that nest defective
live trees more often had outward evidence of decay and fire, were
iarger in diameter and more likely to be western larch and have a

t broken top, than non-nest trees. HNest trees were also taller and had

nest and non—nest trees.
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Hest Stand Characteristics

Manapement /Productivity Site Tvpes. The distribution of excavator

nests found in wet and dry productive unmanaged, partial cut, and
sheltervood cut Bite types is summarized in Table.lﬁ. I found & higher
proportion of all nests in ummanaged sites (43%, n=38) than in partial
cut {(25%, n=22) or shelterwood cut sites {(32%¢, n=29).

Nesting specieé composition varied among management types, but the
highest number of species (n=8) nested in shelterwood sites, and an
equal pumber (n=5) nested in unmanaged and partial cut sites (Table
10). Half of 211 the Williamson’s sapsucker, pileated woodpecker, and
"red-bressted nuthatch nests were found in unmanaged sites, and most of

the hairy woodpecker nests were in shelterwood gites. All white~

snd those of the northern flicker were almost uniformly distributed
among managemeﬁt types. Single neste of the three-toed and black-
backed woodpeckers were in shelterwood sites.

Wet or dry productivity did not sppear to influence pest stand
spreferences. The total mumber of nests, as well as those of most
'indiQidual species, were almost equally distributed between wet and dry
_érpductive types.

itge o

Hest Stand Structure. Similar to variables describing nest tree

>ing nest sites were highly correlated, and their simultaneous

.
B -
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consideration was necessary f{o evaluate variation §mong bird species.
1 performed & principal components analysis using eight variables
describing néat stend characteristice of six excavator species.

Three principal components were derived from the analyeis, which
together accounted for 72% of the total variance in the data set (Table
11). The first component was most highly correlated with atand basal

~ares, tree.density, canopy cover, and the pumber of snags »>53 cm dbh.
This axis represented a gradient from an open forest condition with low
mmbers of small dismeter treee and large spags, to dense stands
dominated by larger diameter trees and snags. These stand character-
istics accounted for the largest percentage (34.4%) of the total

;i variance.

The second component was positively correlated with small and
intermediate size snags (Table 11}, and sccounted for an additional 24%
"of the variance. Low to high values along this axis represent
jinereasing numbers of snags <53 cm in the stand surrounding the nest
tree. Canopy height was the only variable that was highly correlated
with the third component, and nest trees within the tallest canopy

" conditions would be expected to assume high values on this axis,

Biio
14

&+ A two-dimensional plot of the mest stand habitat relationships
i

i

" among bird epecies is presented in Figure 4. The horizontal axis,
representing the first component, separated the species into two

7 groups. Nests of the hairy woodpecker, white-breasted nuthatch, and
ﬁorthern flicker were surrounded by open forest conditions character-

;ized by few trees and large soage, and low canopy cover. In contrast,



Table -11. Results of the principal components analysis of 8 nest stand
structure variables for 6 species of primary cavity-nesting birds.

Principal Component

I 11 IT1

Total wvariance

accounted for{¥%) 34.4 24.0 13.6
Cumulative total

variance (%) 34.4 58.4 72.0
Correlations of components

to original variables

Basal area(mzlhé) 0.76 -0.44 0.11

Tree density(stems/ha) 0.71 -0.20 -0.54

Canopy cover(%)2& 0.68 -0,52 ~().28

Canopy height(mg 0.40 =0.45 0.66

Snags >15-23 cm”/ha ¢.51 0.64 -0.24

Snags >23-38 cm/ha 0.52 0.69 0.01

Snags >38-53 cm/ha 0.51 0.57 0.38

Snage >53 em/ha 0.52 0.08 0.28

a)Arcsine transformed.
- b)Diameter at breast height (dbh).
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the pileated woodpecker, Williamson’s sapsucker, and red-breasted
',nuthaﬁch nested in denmser, higher basal area stands, and nest trees
‘_were surrounded by a larger number of snags >53 cm dbh.

Bird species were not sz widely separated along the vertical axis,

.;; Comparisons with Study Site Stand Structure. To determine whether

the stand structure surrounding nests differed from the general stand

structure of study sites, I first pooled all nest stand {(a=87) and

= gnalysis on these two groups. The same eight variables used in the
principal components amalysis comparing nmest stand characteristics
» among species {Table 11) were included in the analysis. Among these

warisbles, the density of snags >53 cm dbh/ha best discriminated

43
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tree deneities and taller canopies than average stand conditioms of
study sites, but had lower éanopy cover and fewer snags >38-53 cm dbh.

Although tge discriminant function identified a significant
difference between nest and study site stands, the classification
ltesults indicated a fairly high degree of similariﬁy between the two
;:groups. Only 641 of sll plots were classified according to actual
.group membership, and fewer nest stand than study Bite plots were
correctly classified.
To clarify differences between nest standé of individusl bird
gpecies and study site stand structure that may have been concealed by
the previous snalysis, I performed separate two—group digseriminmant
-analyses comparing all nest stand plots of each species with stand
.sample plots of unmanaged, partial cut, and shelterwood cut sites.
"Results of these analyses are summarized in Tables 12, 13, and l4.
All comparisons of individual bird species nest stand plots with
'unmanaged site ploaé resulted in significant discriminant functions
(Table 12). Values of discriminating variables that entered the
*anéi?sis for each species, except the pileated woodpecker, were lower
then those of corresponding site variables. Pileated woodpecker nest
© gtands contained sz higher mean number of trees and snags >53 cm dbh
'jthaﬂ ﬁnmanaged plots. The lower percentage of all plots correctly
.clasaified for the pileated woodpecker (871}, Williamson”s sapsucker

.{78%), and red-breasted nuthatch (8l%), indicated that nest stands of
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‘northern flicker, hairy woodpeckef, or white-breasted nuthatch which
had from 94%1-96%7 of plotslcorrectly classified.

Snag densi£y and tree basal area and/or density were character-_
istics that most coneistently disﬁriminated between nest stand and
partial cut site plots {Table 13). Significant discriminant functions
were derived for each species except the white-breasted nuthatch, which
indicated variables in the analysie did not define differences between
nest stands of this species and partial cut plots. The density of
snags >33 cm dbh was the first variable to enter the analysis for the
pileated woodpecker, Williamson”s sapsucker, northern flicker, and
red~breasted nuthatch, and was thus the best discriminator between
these nest stands and site plots. Densities of snags in &ll smaller
size classes were also significantly higher in pileated woodpecker nest
stands, but were variable in stands of other species. The general
forest condition of partial cut plots was more open than nest stands of
the pileated woodpecker and red-breasted nuthatch, and demser than
those of the hairy woodpecker and northern flicker. The proportion of
all plots correctly classified for species with significant
diseriminant functions ranged from 70% (most similar) for the northern
flicker to 98% (least similar) for the pileated woodpecker.

In contrast to the previous analyses, baeal ares was the first
variable to enter the discriminant equation in comparisons of pileated
woodpecker, Williamson's sapsucker, northern flicker, and red-breasted

nuthateh nest stands with shelterwood cut plots (Table 14). The
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averapge basal area of these nest stanés wag greater than that found in
site plots. For all of these species except the northern flicker, the
number of snags >33 cm dbh, and one of the smaller diameter classes,
were also significantly higher in nest stands. Results of both
discriminant function significance and classification suggested that
nest stand characteristics of the hairy woodpecker, white-breasted
nuthatch, and northern flicker were most similar, and those of the
pileated woodpecker, Williamson's sapsucker, end red-breasted nuthatch

least similar, to shelterwood sites.
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Forage 8ite Characteristics

I observed foraging evidence on 49% of all snags, Btubs, and
defective live trees (n=1627) and on 13%Z of down logs (n=7908)}
occurring on study site habitat sample plots. Results of analyses for
all these substrates reflect use by bird species that foraged by
drilling, removing bark (sceling), or excavating into sapwood and
heartwood: the pileated, hairy, three—toed and black-hacked
woodpeckers, northern flicker, and Williamson“s and yellow-bellied
sapsuckers. The northern flicker is primarily a ground forager, but
also feeds on trees and logs (Bull 1980}, Both of the nuthatch species
are bark-gleaners.

For the following analyses, I reclassified observations of foraging
evidence on snags, stubs, and defective live trees so that trees with
the most extensive use could be examined. Trees with numerous holes
and/or excavations (original codes 2-7) were classified as "forage
trees,”" and those lacking or with few feeding holes {codes 0 and 1) as
"non-forage" trees, The sample of available trees was the same as in

previous anzlyses.

Tree Condition. Of the 426 trees with most extensive foraging

evidence, 95% were dead trees (64% snage and 31% stubs) and 5% were
defective live trees. Proportions of dead and defective live trees
available on site sample plots were 89X and 11%, respectively.

Although the relative proportional foragiﬁg uvee and availability of
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these substrates were similar, a statistical comparison indicated that
dead trees wgre used in‘eignificantly greater proportion to availabil-
ity (p <.05, binomial test) and defective live trees were used less
than expected (p <.05). Thus, of these two conditions,‘dead trees were

preferred foraging substrates.

Tree Species. I observed foraging evidence on five species of trees

(Table 15). Species with the largest proportions of sll observations
were western larch (45%) and Douglas-fir (44%), and fewest were on
ponderosa pine (11%) and "other™ tree species (1%, Salix sp.).
Proportional feeding uee aund availlability significantly differed for
all tree species. Western larch and ponderosa pine were used in
greater proportion than either occurred on study sites, while

Douglas-fir and species grouped in the "other"

category were used less
often than expected.

Differences between tree species use and availability were slso
compared within three condition categories (Table 15); dead trees were
divided into stubs and snags for these comparisons. Western larch
snags and defective live trees, and ponderosa pine stubs, were
preferred foraging substrates, while other conditions of these species
were used in.proportion to availsbility. Use of all conditions of

Douglas-fir and "other" tree species was either below or the same as

expected.
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Table 15. Proportions ef trees with foraging evidence and available
by tree species and condition.

Foraging Use Availability Preference

(1) (4) Index?
Tree Species/Condition
Western larch
Stub 8 i1 -0.03
Snag 61 ' 45 0.16%
Defective live 14 44 0.30%
All conditions 45 34 0.11*
Pondercsa pine
Stub 15 6 0.09%
Snag g & 0.03
Defective live 4 5 -0.01
All conditions 11 6 0.05%*
Douglas~£fir
Stub 77 74 0.03
Snag 30 46 -0.16%
Defective live : 17 43 -0.26%
All conditions 4 54 -0.10%
Other species
Stub 0 9 ~03,09
Snag 0 4 -0.04
Defective live 4 8 ~0.04
All conditions e 6 -0.05%

a) (U - A) + 100 (Strauss 1979).

b) Includes Engelmann spruce, subalpine fir, lodgepole pine, aspen and
willow.

c) Willow.

* Use significantly differs from availability {(p <.05, binomial test).
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Tree dismeter and height. Forage tree preferences were further

evaluated by comparing the proportions of forage and available treeé in
the same diaﬁeter and height classes used for nest trees (Table 16).
Dead and defective live trees were pooled for these comparisons. Trees
in the smallest diameter class (>15-23 cm dbh) were used significantly
1353 than predicted based on availability, largest trees (>53 cm dbh)
weré used more than expected, and médium trees (>23-53 cm dbh) were
used in the same proportion as their occurrence on study sites.

Among height classes, the tallest trees (>24 m) were used for
feeding in greater proportion than predicted, use of trees £6 m,
>6~12 m, and >18-24 m was in proportien to availability, and those of
intermediate height (>12-18 m) were used significantly less than

expected (Table 16J.

Decay. I evaluated the decay condition of forage trees in the same
manner as nest trees, using 6 decay stages based on eiternal physical
tree characteristics, and outward evidence of heartwood decay. A
summary of forage trees by decay stage and top condition is presented
in Table 17. Decay stage 6, representing soft snags, received the
highest proportion (40%) of foraging use; but use was nearly equal to
availability; Only stage 3 wes used in significantly higher proportioa
than availability, and stage ! less than expected. In contrast to nest
trees, ooly a slightly higher number of forage trees had broken tops
than intact tope, but their proportionate use (521) was still higher.

than the corresponding availability (30Z) of broken top treea.
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Table 16. Proportions of trees (dead and defective live) with foraging
evidence and available in various diameter and height classes.

Foraging Use Avallability Preference
() (4) Indexa

Diazmeter Class(cm)

>15 - 23 ' 21 33 ~0.12%

>23 - 38 28 29 ~-0.01

>38 - =3 19 20 ~0.01

>53 33 18 G.15%
Height Class(m)

<6 . 31 33 ©~0.02

> 6 - 12 10 o ~ -0.01

>12 - 18 7 12 . ~0.05%

»18 ~ 24 19 18 - 0.00

24 . 33 24 0.09%

a) (U~ A) + 100 (Strauss 1979). .
Use significantly differs from availability (p <.05, binomial test).
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1 observed outward evidence of heartwood decay on 56% of snage and
defective live trees withlfeeding gign. The majority of forage trees
with decay had pileated woodpecker feeding excavations in the lower
portion.of the bole. Carpenter ants (Camponotus sp.) create galleries
in soft or decayed heartwood within the lower bole, and are a mzjor
pileated woodpecker prey item (Bent.1939, Hoyt 1957). Forage trees.had
lower incidence of conks, swollen knots, and other gigns of decay

compared to mest trees.

Discriminant Analveie of Trees With and Without Feeding Evidence.

I uged discriminant analysis to determine charmcteristics that best
distinguished forage and non-forage trees; snags and defective live
trees were pooled for this comparison. Variables included in the
analysis were coded and entered in the pame manner as for analyses
comparing nest and non-nest trees. Due to the overlap in character-
istics used to identify both decay and feeding evidence (i.e. presence
of pileated woodpecker excavations), decay evidence was deleted from
the group of variables in this analysis.

Diameter, limb presence, and western larch were the first variables
to enter the discriminant equation (Table 18), followed by tree
condition, fire evidence, ponderosa pine, and bark cover. Correlations
of variables with the discriminant score showed that forage trees were
larger in diameter, were more oftem western larch and ponderosz pine
than Douglas~fir, had fewer limbs, lower bark cover, and were more

likely to be snags and have fire evidence.
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The discriminant function correctly classified 66% of all forage
and non-forage trees. This percentage was lower than that obtained in
the correspondiﬁg analysis of nest and non-nest snags and defective
live trees (91%), which suggested greater similarity between
characteristics of forage and non-forage trees than nest and non-nest

trees.

Pileated Woodpecker and Sapsucker Foragine Evidence. I observed

pileated woodpecker foraging excavations on 270 (63%) of the trees with
most extensive feeding evidence. The majority of pileated forage trees
were dead, and a slightly higher proportion were stubs (48%) than anags
(46%); only 6% were defective live trees. Ponderosa pine stubs and
snags, and defective live western larch, were used in significantly
greater proportion than expected (p <.05, binomial test), whiée other
conditione of these two tree species and all conditions of Douglas~fir
were used in approximate proportion to availability. All "other" tree
Epecies were used less than expected in all conditions.

Pileated woodpeckers preferred trees >33 cm dbh for foraging
(p <.05, binomial test) and used all smaller diameter classes
pignificantly less than expected (p <.05). 1In contrast to comparisons
of proportional uee and availability of beight class and decay stage
use for all trees with foraging evidence, pileateds used trees < 6 m
tall ‘and decay stage 6 in significantly greater proportion than

corresponding availebility (p <.05), used all other height classes in

the same proportion as expected {p >.05), and foraged on trees in decay
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stage 3 significantly less than expected (p <.05). Decay stage 1 was
also used less than expected, and stages 2, 4 and 5 in proportion to
availability. éeventy percent of the pileated forage treece had broken
tops.

Only three trees with sapsucker foraging evidence were observed,
and all were defective live Douglas-fir. The diameter classes of these
trees were: >23-38 cm dbh, »38-33 em dbh, and »53-6% cm dbh. Two of
the trees had broken tops, and one had decay evidence {(conk).
Williamson”e sapsuckers were frequently observed féraging on live
Douglas—fir trees located in. cloee proximity to nest trees, and were

alsc obeerved sapsucking on live western larch trees on several

cccasions.

Down loge. Proportions of down logs with feeding evidence were
compared with proportions of available logs by diameter class, decay
class, and four combinations of diameter and decay characteristics
(Table 19). When dismeter and decay classes were comsidered
separately, diameters >30 cm snd soft logs were each used in
gignificantly greater proportion than corresponding availability,
whereas diﬁmetefs 1529 cm and hard logs were used less than expected.
Among the four diameter/decay classes, soft logs in both diameter
categories were used more than predicted, and the highest preference
index value was for soft logs >30 cm. These results suggested that
soft legs, particularly those 230 cm, were preferred feeding

gubstrates.

1
b
.

i

!‘
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Teble 19. Proportions of down logs with foraging evidence and available
by diameter and decay classes, :

Foraging Use Availability Preference

() (A) Index2
Log Diameter Classb
15 - 29 em 52 70 ~0.18%
230 em 48 30 0.18%
Log Decay Class
Hard 26 59 ~0.33%
Soft 74 41 0.33%
Diameter/Decay Class
Bard 15 - 29 cm 15 ‘ 45 ‘ -0.30%
Hard »30 cm 10 13 ~-0.03
Soft 15 =~ 29 cm 37 26 0.11%
S50ft 230 em 38 17 0.21%

a) (U - A) + 100 (Strauss 1879).
b} Measured approximately 1 m from largest end.
* Use sipnificantly differs from availability (p <.05, binomial test).
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Cavity-Nesting Bird Populations

The relatiﬁe abundance of cavity-nesting birds observed during
Point Count censuses was compared (l)among unmanaged, partial cut, and
shelterwood cut management types, (2)among sites that differed in
management direction concerning snag retention, and (3}with variables
describing snag density, snag size diversity, and live tree habitat

characteristics on all study sites.

Bird Abupdance Among Management Types. I observed a total of 15

cavity-nesting bird species in management types sampled on the east and
west sides of the Tonasket RD (Table 20); nine of these species were
excavators and six were nonexcavators. Species composition and the
relative number of excavator and nonexcavator species varied among
types, but the total number of species was similar in each type. The
shelterwvood cuts contained both the highest number of excavator species
(p=9) and feweet nonexcavators (n=3), while partial cuts had fewest
excavators {n=7) snd the largest oumber of nonexcavators (n=6).
Cavity-mesting bird species diversity (H") was slightly higher in
shelterwood than partial cuts, and lowest in the ummanaged type.

Mean deteetion rates of excavators, nonexcavators, and sll
cavity-nesting birds were significantly higher in the unmanaged type
then in either shelterwood or partial cuts, but rates in the two
managed types did mot significantly differ (Table 20). Interspecific

detection rates, however, varied conpiderably among types.
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The red-breasted nuthatch was the most common excavator 6pecies in
all mahagement types, and the three-toed woodpecker was rarely observed
(Table 20). Tﬁe pileated woodpecker and red-breasted nuthatch were
detected most frequently in unmsnaged sites, while mean detection rates
of the hairy end black-backed woodpeckers, northern flicker, and
wvhite-breasted nuthatch were highest in shelterwood cuts. Detection
rates of the Williamson”s sapsucker were similar in unmanaged and
partial cut types, snd lowest in shelterwood cut sites; many detections
‘of this species in both partial and shelterwood cuts, however, were of
birds that appeared or were kmown to be nesting in areas beyond site
boundzries. Yellow-bellied sapsucker detections were exclusively in
west side sites that were in close proximity to aspen stands.

The mountain chickadee was the most abundant nonexcsvator epecies,
and the brown creeper was the only other nomexcavator observed
tegularly in all management types (Tgble 20). Mean detection rates of
both these species were highest in the unmansged type. The flammulated
owl was observed only on the east side of the district, sund the boreal

chickadee cnly on the west side.

Bird Abundance Among Sites Differing in Snapg Management Directiom.

To examine potential differences in cavity-nesting bird abundance among
gites differing in management direction concerning snags, I formed four
groups of sites based on the classification presented in Table 1l:

{1)unmanaged, with snage unaffected by logging activity (Roggow, Muck,
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Burge, Oriole), (2)most snags retained when sites were logged in single
entries (Bailey, Strike, Frost}, {3)most snags cut during initial
logging entriéé and retained in the most recent entry (Spike, HcCay),
and (4)most spags cut in all logging entries (Turmer, Strip, Rainy).
Each site was classified only by the management direction affecting
snags in relation to logging activity, regardless of the policy
concerning snag removal for firewood.

Mean snag densities found in each of these four groups are
presented and compared in Table 21, Ummanaged sites had significantly
higher densities of snags in all diameter classes than each of the
ofher groups. The second group, where snags were retained when logging
occurred, had significantly higher densities of all snags >15 cm dbh
and in the >33 em dbh clase than sitee where snags were retained only
in the last entry, or sites where most snags were cut in all entries;
the latter two groups differed only in the density of snags >38-53 em
dbh. The most significant difference in smag densities among the four
groups, indicated by the F ratio for the comparison, was in the density
of snags >53 cm dbh.

Excavator, nonexcavator, and all cavity*pesting bird mean detection
rates significantly differed among the four groups of sites (Table
22). Results of each multiple range test indicated that mean detection
rates for unmeanaged sites and gites where.snags were retained when
logging occurred were significantly higher than for sites where most

snags were cut in early entries but retained in the last entry, or
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snags were cut in all entries. These tests also showed that detection
rates did not differ between uvnmanaged sites and those where snags were
retained when idgging occurred, or between sites where snags were
retsined in only the most recent entry and those where most snags were
cut in &ll entries.

Mean detection rates for 10 of the 15 cavity-nesting bird species
were highest in unmanaged sites, sites where snags were retained when
logging occurred, or in both of these groups (Table 22). Hairy and
black-backed woodpeckers were observed most'frEQuently irn sites where
Bnags were rétained when logging occurred or were retained in the most

recent entry.

Relationships Between Cavity-Kesting Bird Detection Rates and

Habitat Variableg. Mean detection rates of both excavators and

nonexcavators were most strongly correlated with the density of snags
>15 cm dbh/ha and snag bassl area/ha (Table 23). Among the four
diameter classes of snags, both groups were more highly correlated with
snags >38-53 cm dbh and >53 cm dbh than smaller smags. I used partial
correlation to test the relation of combined excavator and nonexcavator
detection rates to total snag density (>15 cm dbh}, controlling for
each of the dismeter classes separately. The partial correlation
coefficient was low (r= 0.51, p >.05) when the effect of snags >53 cm
dbh was removed statistically, but remained significant when the effect
of snags >38-53 ecm dbh (r= 0.59, p <.05), snags >23-38 cm dbh (xr= 0.71,

p <.05), or smags »15-23 cm dbh (r= 0.8%, p <.05) was removed. These



68

*60°> d 3¢ Jueayypudis i
Tpauwlolsueay SUTSIIY (P
*pus 3sovBiey woiaj wm | A7adewyxordde painswouw IBJoMBTq(D -
TEISSETD JABJBWETP 4 PUBR S9SSEBTO IYSBTIY ¢ JO UOTIBUTQUOD U0 PISE( (\H)} L31s3sata(g
*(1+%X)u7 Buysn peswiojsuell 9Ism eBIIE TESEq 8913 |ATI pue Eale
Teseq Beus ‘saylysusp Seus ‘sajer UOTID9EIa( *SJUSEDTIIB00 UOTILT31100 JUBWOW-IONPoxd uosieaj(e

BY°0 0%°0 6%°0 thvuwbcu Ldouen
%0 9y "0 g8E"0 (wyayday Adouwn
12°0 , 61°0 0z°0 {(ey/swa3s)L3ysuap 2813 2ATT
620 %Z°0 ZE°0 Am:\NEvmmum 1BSEBQ 381] 2AT1
9070 61°0 [ St e mx\osu 0£< s30T 1308
£Z°0 9e° o €00 m;\uau §1< s3og
#19°0 ¥[GO #8570 @hu«muu>ﬁv azTs Zeug
¥16°0 x(8°0 | *8L°0 (ey/ w)wole Teseq 3eug
¥$8°0 ¥78°0 ¥7L°0 BY/UqQp wd gg< sdeug
%80 ¥$L°0 ¥Lt0 BY/Uqp wd gg-ge< s8eug
#9470 ¥69°0 ¥89°0 BY/Uqp w3 gr-pz< s3eug
6%7°0 LE°0 . ¥29°0 : By /Uqp wo ¢7-¢1< s3eug
¥88°0 %80 ¥08°0 S BY/Yqp wo gy< sdeug
(E+Y) (q) (v} STqETIRA IEBITQRYH
sis3sau-4£37AeD EX0IBARDNDUON S103RABIXY
TtV

89175 ApN3s 7| uo painseauw S9Iqeiea jelyqey
4iTa (sajel UOTIDVIRp URAW uo paseq) souepunge pitq Jupissu-LITAED JO SSUCTIBIR110) gz a1qel




69
results suggest thaﬁ, of the four snag diameter classes, cavity-nesting
bird abundance was most closely related to the density of snags >33 em
dbh. |

Both excavator and nonexcavator mean detection rates were also
pignificantly correlated with snag size diversity (B", calculated using

s combination of four dismeter and five height classes;, but not with

any of the log or live tree variables (Table 23},

Relationship Between Cavitv-Nestine Bird Detection Rates and Snap

Dengities. In previous amalyses I found that among sites differing in
gnag management direction,.c&vitywnesting bird detection rates were
highest inm the two groups of sites with greatest densities of all snags
>15 cm dbh, and snags >53 cm dbh (Tables 21 and 22). Furthermore,
cavity-nesting bird abundance was most closely associated with
densities of snags >53 cm dbh. To clarify the relationship between
bird and snag abundance, I compared cavity-mesting bird mean detection
rates firet with all snags >15 em dbh (Fig. 5), and then with smags >33
cm dbh (Fig. 6), on the 12 study sites.

Mean detection rates generally ipcressed in relation to increasing
densities of snags >15 cm dbh (Fig. 5). However, the Spike (letter
"F"} and Turder ("G") sites had lower detection rates, but higher snag
densities, than the Strike ("E"), Frost ("B"}, or Rainmy ("C") sites.
Also, the mean detection rates on sites with >20 snags/ha ("H" - "L')
were similar to that found on Strike (“E"), which had an average of

12 snaga/ha.
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Detection rates in relation to densities of snégs >53 cm dbh
increased in a more distinct, nonlinear (convex) manner (Fig. 6) than
in relation go all snags >15 em dbh, and the mites fell into two
different groups. The six sites with <l snag >53 cm dbh/ha clearly had
the lowest detection rates, and those with >3.5 ?uags/ha had the
highest rates. The Strike ("E") site, which had fewer snags >15 cm dbh
than either Spike ("F") or Turmer ("G"), had a greater demsity of large
enags which apparently contributed to the higher detection rate found
in this site.

Mean detection rates did not sigpificantly differ among the six
gites with >3.5 snags >53 cm dbh/ha (p >.05, F = 0.36, ANOVA), despite
the wide range in large snag density in these areas. However, the tree
species composition of snags >53 cm dbh may have influenced detection
rates more than the actuzl density of snags in this digmeter class, due
to excavator preferences for ponderosa pine and western larch as nest
and forage sites. Roggow had the greatest density of smags >33 cm dbh,
but 77% were Douglas-fir, which was a higher proportion than on any of
the other sites (Table 24). S8trike had the lowest density of large
gnags, but 93% were'pondercsa pine and western larch, and only 7% were
Douglas-fir. The common characteristic of all gix sites, however, was
that approximately three to four of the snags >53 cm dbh/ha were

ponderosa pine and/or western larch.
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Table 24. Tree species composition of snags >53 em dbh on study sites
with the highest mean detection rates of cavity-nesting birds.

Snags Deouglas Western Ponderosa
>33 cm dbh fir larch pine

Study site (total #/ha) (%) (#/ha) (%) (#i/na) (%) (#/na)
Roggow 13.5 77 10,4 23 3.1 o 0.0
Oriole 6.9 61 4,2 13 0.9 26 1.8
Burge 6.0 37 2.2 17 1.0 46 2.8
Bailey 6.0 50 3.0 46 2.8 4 0.2
Muck 5.0 25 1.2 75 3.8 0 0.0

Strike 3.5 7 0.2 43 1.5 50 1.B




DISCUSSION AWND MANAGEMENT IMPLICATIONS

Kest Tree Characteristics

Dismeter. Comparisons of nest and non-nest trees showed that pest
trees were larger in diameter (Table 9), and that diameter was one of
the most important characteristics distinguishing these two groups.
Excavators preferred dead and defective live trees >53 cw dbh for
nesting, and used diameters >15-38 cm dbh aignificantly less than
expected (Table 6). The mean diameter of all excavator nest trees was
65.2 cm, and the majority of individual species nested in trees >53 em
dbh (Table 5); only the hairy, three-toed, and biack-backed woédpeckers
appeared to prefer gmaller diameter trees.

Forest managers in the ONF currently follow snag management
guidelines recommended by Thomas et al. (1979), which suggest providing
snags equal to or greater than the minimum or.smallest diameter that can
be used by each excavator species. The minimum dismeters suggested for
th; seven excavators occurring in the ORF sre: 25.4 cm dbh for the hairy
woodpecker; 30.5 cm dbh for the northern flicker, black-backed and
three-toed woodpeckers, Williamson“s sapsucker, and red-breasted and
white-breasted nuthatches; and 50.8 cm dbh for the pileated woodpecker.
Hy results and those of numerous recent studies conducted in other parts

of the western United States, however, provide substantial evidemce that
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most excavators nest in larger than minimum-sized frees (Appendix II,
and also Mannan et al. 1980, Zarnowitz and Manuwal 1985).

The nest tree diameter must accommodéte cavity dimensions required
by each bird species, which vary according to species size. The average
width of.pileated woodpecker cavities is 20 cm (Bent 1939), and the
widths of cavities created by other excavators found in this study range
from B em to 16 cm (Bent 1939, Raphael and White 1984). Larger diameter
trees provide both additional space for cavity excavation and greéter
insulation around the nest, which may enhance reproductive success.
Studies examining the relationship between clutch size and cavity
diameter have shown that hole-nesting specier produce bigper ciutches in

larger than smaller diameter cavities (Karlsson and Nilsson 1477,

TrEE}@@EQWABQWQQ§§EML2§ﬁ}. Thicker insulation provided by large
diameter trees may protect eggs and nestlings from extreme temperatures
that occur during the breeding season; in the Tﬁnasket RDb, for example,
temperatures can fluctuate from below 4°C to over 30°C during May, June,
and July.

Conner (1979) sugpested that management strategies based on minimum
tree diemeters could cause a.gradual declipne in cavity-nesting bird
populations because of reduced reproductive success, and recommended
managing for mean diameters. He stressed that, since nest tree
diameters are normally distributed, natural selection should favor

individuals nesting in trees closest to the mean sres, rather than the

tails or extreme areas, of & diameter distributiom curve.
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I suggest that forest managers in the ONF adopt Comper”s (1979)
approach and provide mean rather than minimum tree diameters for primary
cavity—nestiﬁg species. In my study, mean diameters ranged from 44.2 cm
for the hairy woodpecker to 84.2 cm for the pileated woodpecker, and the
single nest trees of the three-toed and black-backed woodpeckers were
31.7 and 29.0 cm, respectively (Table 5). A higher number of trees

should be in larger size clagses since the mean nest tree diameter for

five of the eight excavator species was >33 cm.

Height. I found greater interspecific variation in nest tree height
than diameter (Table 5), and detection rates of 8ll cavity-nesting birds
wvere positively correlated with snag size diversity (Table 23). Raphsel
and White (1984) found similar relationships for cavity-nesting birds in
the Sisrra Nevada, and recommended management for & diversity of heights
among large diameter trees to meet species” requirements. Excavators;
as a group, preferred trees >24 m tall for mesting (Table 6) and used
heights < 6 m significantly less often than expected. Thue, because top
breakage decreases tree heights over time, and &lso contributes to

height diversity, management for taller trees should be emphasized.

Specigsi Condition, and Decay. Tree species, condition, &nd the
presence of decay are important, related characteristics that influence
a tree’s suitability for mesting. Although tree species preferences
vary among different forest types and geographic areas, excavators

appear to consistently select combinations of species and conditions
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with optimum decay characteristics. The presence 6f heartwood decay is
essential to most excavators (Shigo and Kilham 1968, Kilham 1971,
Jeckman 1974, Crockett and Badow 1973, Comner et al. 1976, HMcClelland
1677), and 2 sound outer sapwood provides protection for the cavity
nest. Miller et al. (1979) found that both cavity position and shape
closely followed decay patterns. Excavators probably distinguish the
presence of decayed or sound wood in potential nest trees by the
different resonance emitted by each substrate {(Comner et al. 1976).

Ponderosa pine snags and both defective and intact live western
larch trees were highly preferred for nesting‘in the ONF (Table 4), and
Douglas~fir was used significantly less than expected in all conditioms
relative to ite abundance on study sites. Although the proportionzl use
of dead western larch did not differ £rom expected use, it should be
noted that larger diameter larch snags were selected for mesting in
markedly higher proportion than corresponding availability; 71% of the
dead larch nmest trees were >70 cm dbh, but only 3% of the gampled larch
gnags were >70 em. Genmerally I observed that smaller diameter larch
goags had much lower evidence of heartwood decay, and fewer had broken
tops, than those of larger diameter, snd thus were probably not as
guitsble for nesting.

Relative to the low availability and patchy distribution of aspen on
the Topasket BD, this tree species appears to be important for nesting
wherever it occurs. HNearly half of the off-site exzcavator nests were in
live aspen (Appendix I), and most of these were in aspen stands located

in close proximity to etudy sites. I found eight cavity peste in a2 1 ha
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aspen stand near the Rainy site, which was equal tb the number found
within the entire adjascent 70 ha study area. I suspect that sspen may
be particularif important in forest areas where coniferous snag
densities are low.

Excavator tree species preferences in the OHF are relsted to the
different sapwood and heartwood decay patternse in ponderosa pine,
western larch, Douglae-fir, and aspen. In western larch, the thin
sapwood layer remains intact for long periods around heartwood that
decays very slowly (McClelland 1977), so that portioms of a large larch
may remain suitable for nest cavity excavation many years after the

invssion of decay organisms. Unlike western larch, the saPWbod of

T s i

Douglasmflr decays more rspld}y than the heartwood (Wright and Barvey

1967 Cline et al. 1980) by the time the beartwood becomes suff1c1ently

aoft for excavatlon, tbe sapwood may be too deterxorated‘to provige e

adequate support and protectlon for a mest cav1ty In ponderosa pine,

e s Rt

cavztlea may be‘excavated completely within de£;§éd portlona of the

extremely thlck sapwood (Mlller et al. 1979)__w1th1n heartwood decay

columns high 1n broken—topped trees'where sapwood zs thlnner (Bull

19807, or low in smaller diameter trees decayed by root rot fungi

(Miller et al. 1979, Bull 1980). Live aspen is highly susceptible to

heartwood decay, and like western larch, igmig partlcuiarly suitable for

nestlug because the thln sapwood remaing lntact and provldes a Pfotecnm”

t;ve outer shell (thgo and Kllham 1968 Kllham 1971)

B v

TR

Western larch snags and defective live trees were also highly pre-

ferred by excavator species studied by McClelland (1%77) in the northern
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Rocky Mountains, and Douglas-fir comprised only 3% of the 273 nest trees
he found; a high proportion of aspen and ponderosa pine were also used
for nesfing céﬁpared to their relatively low availability. In north-
eastern Oregon, Bull (1980) found that western larch was the preferred
live tree species, and among dead trees, ponderosa pine was preferred.
Although both of these authors reported slightly different tree species
use among the excavators I studied in the ONF, pileated woodpeckers pre-
ferred western larch and/or ponderosa pine snags in all three areas.

Among the six decay stages I defined, based on external character-
istice depicting tree deterioration, excavator species as a group uged
all except stages 5 and 6 in approximately the same proportion s&s
corresponding availability (Table 7). Stage 5 was preferred, and more
deteriorated snags in stage & were used for mesting less than expected.
Mannan et al. (1980) also found lower excavator use of trees in most
deteriorated decay stages.

Decay stage use varied among individual bird species, but generally
1 did not find a definite relatiopship between the decay stages used by
each species and its relative excavation sbility. For example, the
pileated woodpeckef is the strongest excavator, but this species located
nests in both hard and soft snags; the white-breasted nuthatch, a weaker
excavator, used only hard snags. I think that a tree’s suitability for
nesting in each decay stage can vary considerably regardless of the
externasl physical characteristics I defined, and that two important
features of trees in all stages are the top condition and the presence

or absence of heartwood decay.
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Forage Site Characteristics

Tree Diameter and Height. Similar to nest trees, excavators

preferred diameters >53 em and heights >24 m for foraging {(Table 16},
end diameter was the characteristic that best distingﬁished forage and
non-forage trees {Table 18). The diameter and height classes of forage
trees matched availability more closely than nest trees, however,
indicating excavators tend to be less selective in tree sizes used for
feeding than for nesting.

Raphael and White (1984) also found that diameter was the best
discriminator between trees with and without foraging evidence, and
reported that both live trees and snags >38-33 cm dbh were preferred.
Mannan et al. (1980) found that smags >60 cm dbh showed the most
foraging use. Generally larger diameter trees may be preferred because
they harbor higher insect densities {Parker and Stevens 1979), and also
prévide greater bark surface and internal area for feeding. Particular~‘
ly during fall and winter months, when food resources are more limited
and many substrates become snow-covered, large snags may become the omly
concentrated sources of excavator insect prey that reside below the bark
surface, such as bark and woodboring beetle larvae and carpenter ants.
Conner (1979) observed that pileated and hairy woodpeckers shifted their
foraging strategies during winter months, and used methods that
penetrated trees more deeply than in other seasomns. Similarly, Bull
(1980) found that the northern flicker shifted from ground foraging in

gummer to excavating in dead wood during the fall.
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Tree Species, Condition, spnd Decay. The'diacriminant analysis of
forage and non-forage trees showed that, in addition to diameter, the
proportions of trees that were western larch or ponderosga pine and tree
condition were characteristice that distinguished these two groups
{(Table 18). Western larch snags and ponderosa pine stubs were pre-
ferred foraging substrates (Table 15). Defective live trees were used
gignificantly less than expected relative to occurrence, but among
those with foraging evidence, western larch were preferred. Although
the same tree species were preferred for both foraging and nesting,
preference index values indicated that excavators used a wider range of
species as forage than as nest sites.

Proportions of forage trees in the six decay stages closely
corresponded to availability (Table 17), but the actual decay stage of
a tree at the time it was used is difficult to determine when only the
presence of feeding evidence is recorded. For example, the mosﬁ inten-
sive feeding activity may have occurred while the tree was alive but
weakeped and dying, or recently after death, but feediﬁg holes would
remain vieible in successive decsy stages. Extensive evidence on frees
in more deteriorated stages thus may reflect cumulative foraging use in
earlier stages, rather than use in the current stage.

Nonetheless, & wide variety of imsects, represented by many species
and families, are attracted to weakened, dying, or dead trees (Furniss
and Carolin 1977:38), and are found within the phloem, sapwood, or
heartwood regione of the bole throughount different stages of tree

deterioration (Kimmey and Furnise 1943, Wright and Harvey 1967)}. The
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gpecialized foraging methods and morphology of excavators maj allow
these birds to forage oﬁportunistically smong all decay stages. Within
the first six years after tree death, Cline et al. (1980) found exten-
give activity of woodboring beetles within the bark, cambium and
sapwood, and observed that the presence of these insects elicited wood-
pecker feeding. In more advanced stages of deterioration, heartwood
régions softened by wood-decaying fungi are pénetrated by woodboring
cerambycids and buprestids, and provide suitable substrate for termite

(Zootermopsis epp., Reticulitermes spp.) and carpenter ant colonies.

Forage trees had a lower incidence of conks, swollen knots, and
other outward signs of heartwood decsy compared to nest trees, and a
larger proportion had intact tops. The presence of heartwood decay
generally may not be as important in the suitability of trees as forage
substrates due to the availability of numerous insects in outer regions
of the bole. Taller trees with intact tops provide greater surface
area for feeding; also, Raphael and White (1984) sugpested that taller
trees may reduce interspecific conflicts by allowing vertical stratifi-
cation of foraging activity among excavators using similar foraging
methods and portions of the tree. Stallcup (1968) concluded that one
of the factors contributing to the segregation of foraging activity
among sympatric species of woodpeckers and nuthatches in Colorado was

the different zones of a tree used for feeding.
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Down logs. Soft.logs (Class 3~4) >30 cm in diameter were highly
preferred for feeding, and soft logs 15-29 cm were also used in
significantly éfeater proportion than expected (Table 13). Kumerous
excavator species forage on down logs during the breeding season
(Raphael and White 1984:34) to satisfy & portion of their food
requirements. The pileated woodpecker feeds extensively on this
substrate during the spring, summer, amnd fall (Bull 1975, McClelland
1977, Bull 1980, Mannan 1984), and appears to particularly prefer large
logs that are softened by decay and contain carpenter ant colonies.
Although I did not quantify foraping behavior, 1 observed pileated
woodpeckers excavating in Class 3~4 down logs (230 cm dbh) on numerous

pccasions during my study.



B4

Nest Stand Structure

.Live treelbasal ares, tree density, canopy cover, and the number of
snags >53 cm‘dbh accounted for ?he greatest vafi&tion in nest stand
structure among excavators (Table 11, Fig. &), and these characteris-
tice peparated the bird species into two groups. The pileated
woodpecker, Williamson“s sapsucker, and red-breasted nuthatch nested in
denser, higher basal area stands that contained 8 larger number of
snags »53 cm, and nest stande of these species were most similar to
unmanaged site plots tTables 12, 13 and 14). In contrast, nest trees
of the hairy woodpecker, northern flicker, and white-breasted nuthatch
were surrounded by open forest conditions characterizéd by fewer trees
and large snags, and lower canopy cover; nest stands of these three
species were more similar to partial and shelterwood cut than unmanaged
site plots. The lower success of the discriminant analysis comparing
all excavator nest sﬁands with all study site plots, compared to those
comparing individual species and management type plots, can probably be

attributed to contrasting nest stand preferences of these two groups.

Pileated Woodpecker. Of all the excavator species, the pileated
woodpecker appeared to have the most restrictive or narrowest
preferences for certain forest structural features. Nest stands of
this species had the highest live basal ares and tree density, and also
contained the largest mumbers of snags in all diameter classes; these

characteristics also consistently distinguished pileated nest stand
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from study site sample plots (Tables 12, 13 and 14).

Other studies of this species in western coniferous forests have
reported similar results. Bull (1980) found gignificantly higher large
tree densities and numbers of snags surrounding pilested nests than in
available forest habitat, and pileateds nested in denser stands than
the other species she studied. In the northern Rockies, pileated nests
were located primarily in high basal srea, old-growth stands, and
McClelland (1979) suggested that forests with an old~growth component
of western larch, ponderosa pine, or black cottonwood {Populus
trichocarpa) geem O be essential for the long-term support of this
species. Harris (1982) found that pileated woodpeckers nested in
distinet, structurally similar.stands typified by hiph demsities of
large trees and snage, and suggested that the presence of these
characteristics, rather than the actual productivity (high or low) or
age (old- or young-growth) classification, determined the suitability
of pileated mesting habitat.

Among the sites I studied in the Tonasket RD, pileated woodpecker
nests were found in {l)ummanaged sites dominated by ocld-growth
characteristics including large trees, snags, and down logs, {2)managed
sites where snags had been retsined when logging occurred, and (3)a
dense, unlogged riparian area within and extending beyond the
boundaries of & partial cut site. Apparently each of these aress, in
different ways, supported a suitable combination of habitat features
(particularly an old-growth component) that this species requires for

nesting snd feeding during the breeding season.
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Although I was.not able to evaluate pileated woodpecker territory
sizes within.the design of my study, other researchers have estimated
that this species uses aress approximately 130 ha (Bull and Meslow
1977) to from 200-400 ha (McClelland 1979) in size for nesting end
feeding during the breeding season. Mannan (1984) found pileateds
occupying areas from approximately 400-500 ha in size, primarily within

older forests (70+ years of age).

Williamson“s Sapsucker and Red-breasted Nuthatch. Nest Btands of
the Williamson“s sapsucker and red-breasted nuthatch were similar to
those of the pileated woodpecker, but these species nested in a wider
range of habitat conditions. Nests located in managed stands, however,
were ugually located in denser patches of forest containing higher snag
densities. In the northern Rockies, McClelland (1977) found only four
Williamson“s sapsucker nests, but the average live basal area of nest
stands was 34 mz/ha; red-breasted nuthatch nests were found inp a
broad range of habitats, but the live basal area surrounding nests did
not significantly differ from that of the pileated woodpecker. Raphael
end Wnite (1984) found that Williamson's sapsucker and red—breasped
nuthatch nest stands were distinguished from those of other EXcavators
on the basis of live basal ares and location in unburned forest; also,
live basal area and snag densities.were among characteristics that best
discriminated Williesmson“s sapsucker nest stands from random sample

plots.
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Hairy Woodpecker, Northern Flicker, and White-breasted Nuthatch.

Cf these three species, the northern flicker was the least selective in
relation to Btﬁnd structural features immediately surrounding the nest,
but generally nests were located either within or close to open forest
areas. Other studies have also noted the adaptiveness of this species
to varied habitat conditions; and preference for nesting near or in
open forest stands {Dennis 1969, Conner et al 1975, McClelland 1977,
Bull 1980).

The bairy woodpecker and whiﬁe—breasted nuthatch also appeared to
prefer open stand conditions, and nests located in more densely
forested sites were within open portions of the area. Average snag
densities in most diameter classes were lower in nest stands of these
species compared to other excavators, and were infrequently higher than
enag densities in site sample plots (Tables 12, 13 and 14). McClelland
(1977) found hairy woodpecker neste within old-growth forest as well as
in or near shelterwood cuts. In northeastern Oregon, open stands with
low basal aress, stem denmsities, and canopy cover characterized hairy
woodpecker nest stands {Bull 1980), but in contrast to best sites I
observed for this species, snag densities in 81l diameter clesses were
significantly higher in mest stsuds than in general forest conditions.

Raphael and White (1984) described the morthern flicker, hairy
woodpecker, and white-~breasted nuthatch as "habitat generalists™
relative to other cavity-nesting species, indicating uee of a wide
range of forest types. These suthors alsc found that the hairy

woodpecker and northern flicker nested in open forest comditions, and
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densities of snags >23 cm dbh and live basal area best distinguished

nest stand characteristics from those of random sample plots.

Black-backed and Three-toed Woodpeckers. I found too few nests to
adequately characterize nest stands for either éf these species in the
Tonasket RD. McClelland (1977) found two black-backed and four
three—toed woodpgcker nests, and considered both species uncommon in
areas of the northern Rockies he studied. The black-backed woodpecker
neste were in a recent burn and a shelterwood cut, and those of the
three-toed woodpecker were in both open and dense forest conditions.

He cited evidence that both of these woodpeckers were much more common
in the northern Rockies prior to 1940, when extensive fires occurred in
the region, and suggested their declined abundance may be related to
the lower incidence of large burns since that time. Each species
appears to be attracted to areas containing high densities of dead or
dying trees resulting from insect outbreaks or fire (Blackfofd 1955,
Yeager 1955, Koplin 1969, Bock and Lynch 1970).

Bull (1980) described three-toed woodpeckers as uncommon in forests
of northeastern Oregon, and found this species only in lodgepole pine
stands. Black-backed woodpeckers nested primarily in open, ponderosa
pine forests,. In the Sierra Nevada, Raphael and White (1984) found
highest proportions of black-backed woodpecker nests in burned red fir,
burned red fir edge, and lodgepole pine forest t&pes. and nest stands

were characterized by low basal area and canopy cover.
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Major Factors Influencing Populations of Cavity"Neéting Birds

Snag Densi£v3 Cavity-nesting bird abundance was most closely
correlatéd with densities of snags >53 cm dbh, and mean detection Tates
were highest in study sites containing > 3.5 snags'>53 cem dbh/ha. The
nonlinear relationship between detection rates and densities of EDAags
>53 c¢m dbh (Fig. 6) appeared to be a function of both the abundance and
tree species composition of snags in this diameter class. Detection
rates did not significantly differ among study sites with from 3.5 to
13.5 large enags/ha, but the variation im snag abundance smong these
areas was primarily due to differences in numbers of Douglas-fir S04 EE
(Table 24} . A comsistent featurg of snag dgnsitiesrin each of‘these
sites, however, was the presence of approximately three to four
ponderosa pine and/or western larch snaps >33 em dbh/ha, which were
tree species preferred by_excavators a8 nest and forage sites. These
results suggest that, in the ONF, both lhrge snag density and species
compoeition igfluenced the relative abundance of cavity-nesting birds.

Hany other researchers have also found positive relationships
between breeding cavity-nesting bird abundarvce and snag densities,
diameters, and/or species composition (Haapanen 1965, Balda 1975,
Mannan et a2l. 1980, Balda et al. 1983, Bfush et al. 1983, Zarnovitz and
Manuwal 1985). Raphael and White (1984:50) illustrated & nonlinear
relationship between bird and large snag (>3B cm dbh) densities that

was very similar to the ome I found in the ONF, showing that
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cavity-nésting bird density increased rapidly up t§ three snags >38 cm
dbh/ha, then increased very little up to & maximum &t 7.5 enags/ha.

Although studies conducted during the breeding season suggest that
certazin features of snag physiognomy may determine a maximum demsity of
cavity-nesting birds, many complex factore such as food availabilty,
térritoriai behavior, interspecific competition for nest sites, and
weather may also influence the population dynamics of these species
(McClelland 1977, Short 1979, Raphael and White 1984). For example,
effects of severe weather on insect abundance and bird mortality, and
the availability of roost holes and denser forest stands for thermal
protection during this season, may be particularly limiting for
~resident cavity-nesting birds (Haapanen 1965, McClelland 1977, Graber
and Graber 1979, Raphael and White 1984). Based on variaticn found in
cavity-nesting bird demsity in relation to weather variables, and the

role of winter carrying capacity in a hypotheﬁical model, Raphael and

White (1984) empﬁasized the importance of future research that examines

winter habitat requirements. These authors (1984:60) also suggested
that "the management of cavity-mesting birds should focus on winter

rather than breeding habitat, at least where winters are harsh."

Manspemernt Type and Snag Retention Policieg. Both excavators and

nonexcavators were more abundant in the unmanaged type than ip partial
or shelterwood cut types, but detection rates in the two managed types
did not differ. When sites were grouped and compared by management

direction concerning spag retention, however, it was apparent that
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differences in snag densities, particularly those 553 cm dbh, influ-
enced cavity-nesting bird abundance more than managed or unmanaged
status.

In managed sites where a large number of snags >53 cm dbh were
ret#ined during & first, single logging entry, bird abundance did not
differ from that found in unmanaged sites. Also, both cavity-nesting
bird detection rates and densities of snags »53 cm dbh in these two
groups were significantly higher than in sites where snags were
retained in the most recent logging entryy-and sites where most snage
were cut in all entries (Table 21, Table 22). Detection rates in the
latter two groups presumably did not differ because of the similar, low
abundance of snags >33 cm dbh in these sites resulting from routine
snag-felling in successive logging entries; also, large snag recruit-
ment through natural mortality was probably limited by the removal of
large live and defective live trees during timber harvesting.

Snag retention policies concerning firewood cutting may also have
influenced differences in snag densities smong managed sites, but
direct comparisons between sitee on the east side of the Tomasket RD
where snag cutting for firewood was prohibited after 1977, and west
gide sites where snég removal was permitted, were not possible due to
differences in the timing and number of logging entries in sites on
respective sides of the district.

Three of the four east side managed sites were logged for the first
time after 1977, and snags were retsined; opportunities for firewoed

cutting in these sreas prior to logging were limited by road access,
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and snag densities were not affected by routine feiling during previous
logging activity. It is likely, however, that the policy prohibiting
snag cutting for firewood in these sites furthered the protection of
retained snags after logging occurred. In contrast, snag densitieé in
west side sites were influenced by combined effécts of logging activity
and firewood cutting both before and after 1977.

Thus, in sreas where timber harvesting has not previously occurred,
it is possible to retain adequate large snag demsities to support an
abundance of cavity-nesting birds similar to that found ir uomanaged
areas. Also, restriction of snag cutting for firewood may play an
" important role in #rotecting retained snags. In managed sites where
large snag dens%ties have been reduced by combined effects of routine
felling and removal for firewood, measures to increase numbers of large
gnags should be emphasized in addition to retention of existing snags.

Attempts to retain snags in areas where timber harvesting occurs
represent a Vvery positive.trend in forest management. Recent studies
£hat document & greater abundance of cavity-nesting birds in logged
sreas where spags were retained include those by Dickson et &al. (1983),

Marcot (1983), and Scott and Oldemeyer (1983).
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Habitat Mansgement for Cavity-Resting Birds

Snag Density. Humerous suthors (e.g. Bull 1978, Evans end Conner
1979, Thomas et al. 1979, Raphael and White [984) have calculated the.
number (Y) of standing snags required to provide habitat for excavators

using components of the formula:
(¥) = (4) x (B) x (C}

where (A) = the maximum excavator species density, (B) = the number of
gnags used annually for nesting and roosting by each pair, and (C) = a
snag reserve to allow for & margin of available snags that may be
unsuitable for cavity excavation., The ONF currently uses values
supgested by Thomas et al. (1979) in this formula.

Thomas et al. (1979) calculated factor (A) using minimum excavator
territory sizes reported in the literature. Raphael and White (1984)
strongly discouraged calculstion of maximum density (A} on the basis of
minimum territory size, and recommended using census records published

in American Birds to determine maximum densities for each excavator

species. These suthors pointed out the lack of data demonstrating a
minimur territory size defended by any excavator, and also discussed
the considerable variation in territory sizes reported for individual
species. I suspect, however, that excavator demsity estimates based on
censug results may have similar inherent weaknesses as those based on

minimem territory size.
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Census techniques used to obtain bird density estimates, including
the spot-map method (International Bird Census Committee 1970) which is

used to derive densities published in Americap Birds, are beset by

numerous problems that limit confidence in the accuracy of resulting
values (well-summarized by Vermer 1981 and 1984). Particular problems
associated with the spot-map method as a source of reliable excavator
density estimates are (l)the use of plot sizes that are small, and
frequently less than 10 ha (Verner 1984}, relative to the large
territories and ranges of most excavator species, (2)the considerable
vafiation and bias in density estimates introduced by the routine
procedure of extrapolating densities found on small plots to a standard
of 40 ha (Engstrom and James 1981, James and Wamer 1982), and (3)the
difficulty in determining whether maximum densities obtained on certain
plots were related to plot size, sampling intensity, habitat features,
or many other factors that can influence census results (Verner 1984),
Similar to estimates of minimuﬁ territory size, these problems can
contribute to either a considerable over- or under-estimation of
maximum population densities.

Despite the potential limitations sssociated with estimation of
maximum excavator demsities using minimum territory size or published
census results, both methods represent useful attempts to form
management guidelines based on the beet available information. Until
additional studigs ere designed and conducted specifically to assess
questions concerning excavator territory sizes and maximum densities,

or researchers and managers can mutually agree upon the relative merits
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of one approach over the other, either method appeéré to be a
reasonable mansgement alternative. Furthermore, snag densities could
be provided ta support & varied percentage of theoretical maximum
population potential for individual species in different forest
habitats (Raphael and White 19B4), rather th&n.a.uniform 40%-607 for
all excavators (Thomas et al. 1979).

Recommended values for (B) in the formuls, the number of snags used
for nesting ;nd roosting by each pair, vary from ome to four (Evans and
Copner 1979, Thomas et al. 1979). Until further data are available
concerning roost tree reguirements for fledged young and predator
avoidance, and for winter habitat needs of resident species, these
values should be regarded a8 minimums.

To calculate the margin of available snags that may be unsuitable
for cavity excavation {C) for the ONYF, I used classification results
from the two-group discriminant‘analysia comparing snags with active
nests and non-nest snags (Table 9) and from an additional, identical
diseriminant an#iysis I performed comparing active nest snags and
sampled snags containing nest holee (p=l18). The classification
results from these analyses provided separate percentages of non-nast
snags and sampled snags with nest holes that were classified as nest
snags, indicating they were suitable for nesting based on characteris-
tics of varisables included in the analyses. I evaluated the suita-
bility of sampled snags with pest hecles because this group may have

included (1)0l1d nest trees whose characteristics (e.g. deterioration)
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had changed since the time of use, or {(2)snags with partially
excavated, unused cavities.

Based on the results of the two discriminant classification pro-
cedures, I found that one out of every eight sampled snags (including
non-nest snags and those with nest holes) was suitabie.for nesting.
Thus, for the OKF, the value of the snag reserve (C) could be set at

eight.

Snap Recruitment. Although snag retention on commercial forest
lands represents an importpnt menagement tool for maintéining snag
habitat for cavity-nestinglbirds, methods for the ephancement and
‘replacement of existing snag demsities are also necessary. Sources of
snag attrition that have contributed to and still creste enag
deficiencies in many areas include routine snag-felling, timber stand
improvement and thinning practices, prescribed burning, compliance with
aafegy standarde for the protectiom of forest workgrs and visitors, and
firewood cutting. Furthermore, in logged sites where snage have been
retezined, increased susceptibility to windthrow can cause considerable
snag losses (Styskel 1983). Snags also fall naturally over time. In
unmanaged stands, the number of trees dying usually exceeds the number
of enags failiﬁg, snd snags are continually produced; in managed
stands, however, where live tree densities are substantially reduced by
timber harvesting, natural tree mortality is generally too low to
provide sufficient snag numbere to meet cavity-nestimg bird require-

ments (Bull et al. 1980, Ffolliott 1983},
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Management techniques for snag recruitment include (1)allocating
specific numbers of live trees that will be left to die over the length
of & particular planning interval or silvieultural rotation (Bull
et al, 1980, Cimon 1983), (2)topping live trees with explosives (Bull
et al. 1981), and (3)inoculating live trees with heartwood decaying
fupgi (Conner et al. 1983). The objective of the first method is to
incresse the number of live trees left during timber harvesting so that
desired snag densities and dismeters are provided through natursl
mortality. Techniques {Z) and (3) enhance the potential nest site
suitability of recruited trees while they are alive and after death,
gince excavator species prefer both live trees and spags with broken
tops and heartwood decay. The economic implications of these
techniqueé must zlsc be considered, as each method entails costs that
muet be deducted from total timber yield revenmues (Bull et al. 1980,
Ffolliott 1983).

Opportunities for snag recruitment exist in either even-aged or
uneven-aged silvicultural systems (Bull et ai. 1980, Raphael and White
19B4). Live tree allocations in both systems should be distributed and
located in a manner that best patisfies cavity-nesting bird habitat
requirements and alsoc minimizes conflicte with timber mansgement
activities.' Leaving trees in dispersed c¢lumps or patches (McClelland
1977, Thomas et al. 1979, Raphael and White 1984), rather than as
evenly digtributed, individual trees, is one way of meeting both

objectives.
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Many excavator species appear to prefer nest locations within
patches of snags. For example, Raphael and White (1984) found that the
average number of snags >38 cm dbh surrounding excavator nests was four
times higher than on random plots, and snag depsity variables also
significantly discriminated nest site characteristics of most indi-
vidual excavator species from those of random plots. Average Bnag
densities surrounding nests of nearly all excavator species studied by
Bull (1980) were also higher than in general forest conditions. In my
study, the number of snags >53 cm dbh was significantly higher in
excavator nest stands than in site sample piots, and snag densities in
nest stands of the pileated woodpecker, Wiliiamson“s sapsucker, and
red-breasted nuthatch were cbnsistently higher than in plots repre-
senting enag densities in managed stands (Tables 13 and 14). Thus, a
clunped dispersion of live trees allocated to become enags appears to
be the best approach for meeting nest habitat needs of most excavator
species, Clump dispersion within each planning area should be based on
estimated excavator territory sizes so that the potential use of snags
by individual epecies is not limited by territoral behavior. |

From the standpoint of timber management planning, clumps 6f live
trees for.snag recruitment could be identified and recorded more
effectively than scattered individual trees. Initially, optimal ereas
for clump location could be delineated that avoid potential log
landings, existing or proposed roads, and other éreas where snags would

conflict with safety standards and timber harvesting activities.
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During timber sale layout, paﬁches of live trees méeting snag recruit-
ment specifiggtions could be recorded and mapped for future referencé
in subsequeﬁt silvicultural operatione, such as timbsr stand improve-
ment, prescribed burning, and sdditiomal logging entries. Rates of
tree mortality, use of allocated trees by cavity-nesting birds, and
patterns of snag fall over time, particularly relative to stand
conditions, could be monitored more efficiently, which would provide
valuable information concerning the success of snag recruitment
‘guidelines. Moreover, Styskel (1983) suggested clumping as a technique
for minimizing timber yield reductions associated with snag
recruitment.

Tree species and diameter specifications of snag recruitment
allocations should be guided primarily by excavator species nest tree
preferences. In the ONF, retention of ponderosa pine and western larch
(especially those with with broken or dead tops), and trees >33 cm dbh,
should be emphasized. Lengthened silvicultural rotations probably will
be neceesary, either in patches of trees allocated for smag recruitment

or entire units of managed stands, to produce smags >33 cm dbh.

Firewood Cutting. For many years, public firewood cutting was
encouraged on national forest lands to reduce levels of unsalvaged dead
standing and down wood, and few restriétions were imposed on ifs
removal. During the past decade, bowever, the lower cost of collecting
and burning wood for home heating, compared to the rising coste of

fossil fuels and electricity, hae contribauted to a significent increase
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in private and commercial firewood cutting on foreét lands (Raphael and
White 1978, Davis 1983, Baker 1983). Expanded road systems have made
more areas accessible to woodcutters, snd permit systems and fees have
become necessary to administer the intensifie& firewood demand and
harvesting activity. Furthermore, the recognized conflicts betwéen
uncontrolled snag removal for firewood, and management efforts to

retain and replace snag for wildlife habitat, are a source of

“increasing concern (Scott et al. 1980, Goodwin and Balda 1983, Styskel

\

1983).

In the ONF, snag deficiencies in several forest areas have been
attributed to intensive firewood gathering (ONF Draft EIS 1982:59), and
policies prohibiting smag cutting in these areas have represented an
attempt to conserve and enhance snag abundance. At the same time,
however, resource managers face considerable public pressure to
maximize firewood, and especially snag, availability.

The existirg firewood permit system can be ugsed to exert greater
control over smag removal in the ONF, and as & tool for furthering snag
habitat management objectives. Legally enforceable permit provisions
should restrict the snag diameters and species thﬁt can be cut, and
specify aress where snag cutting ie prohibited (such ae those where
snag recruitment and/or retention is critical). Active enforcement of
these provisions is essential. Furthermore, cutting of downed wood
should Be emphasized, and materiasls explaining the objectives of permit
provisions, as well as the importance of maintaining snags for wildlife

habitat, should accompany each permit.
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Mopitoring programs. The National Forest Hénagement Act (16 U.S8.C.
1600) regulations for forest plamming (36 CFR 219) require that each
Wational Forest develop & program for monitoring population trends of
mansgement indicator species, and determining potential relationships
between population changes and habitat effects of management activi-
ties. The monitoring process provides an essential framework for
collection of long-term data needed to evaluate and revise the many
guidelines, policies, and models designed to integrate wildlife habitat
and timber management (Carey 1983, Marcot et al. 1983, Salwasser et al.
1983, Vernmer 1983).

in the ONF, excavator species have been jdentified as indicators
for dead and defective tree habitat (ORF Final Plan, in prep.ﬁ, Forest
resource managers, to date, have indicated s strong commitment to
improving snag management, through both adoption of specific policies
and support of this study. A carefully designed monitoring program,
which measures both excavator population trends and habitat
availability, will be essential for interpreting the effectiveness of

existing and future guidelines.
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APPENDIX I. Characteristics of excavator nest trees found in locations
outside study site boundaries (off-site) in the Tonasket RD, 1983-84.

Table Ia. Mean nest tree diameter, height and nest hole height for
excavator species off-site nest trees. See Table 2 for bird species
codes.

Nest tree Nest tree Nest hole
dbh{cm) height{m) height (m)
Sample
Bird Species Mean 5D Mean sD Mean 5D size
PIVO 86.3 30C.1 27.0 3.7 11.6 3.8 &
WISA 75.6 26.9 33.1 8.2 | 20.8 9.2 L2
NOFL 53.2  27.0 21.6 9.7 14.2  11.0 7
YBSA 34.5 5.2 27.2 3.5 11.4 6.6 4
RENU 31.0 - 7.7 - 19.6 - 1
HAWO 30.1 1;8 23.2 3.2 3.8 . 5.4 4

All species 59.8 30.1 7.7 8.6 15.6 g.1 32
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