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ABSTRACT 

Schreiber, B. and decalesta, D.S., 1992. The relationship between cavity-nesting birds and snags on 
clearcuts in western Oregon. For. Ecol. Manage., 50: 299-3 16. 

Relationships between cavity-nesting birds (CNB) and density and characteristics of snags were 
investigated on 13 clearcuts in central coastal Oregon. Species richness and density of CNB were 
positively (PcO.05) related to snag density and were still increasing at the maximum snag density 
evaluated. Cavity-nesting birds selected (PC 0.05) snags taller than 6.4 m and greater than 78-102 
cm in diameter, and avoided (PeO.05) snags less than 28 cm in diameter. Snags of intermediate 
decay stages were used for nesting more (PC 0.05) than snags of early and advanced stages of decay. 
Cavity-nesting birds selected snags with more (P<O.O5) bark cover (greater than 11%) than the 
average cover found on available snags. Individual CNB species eL.ibi:id significantly different 
(PcO.05) selections for snag height, diameter, hardness and bark cover. To optimize density and 
richness of CNB, forest managers should provide 2 14 snags ha-’ between 28 and 128 cm diameter 
at breast height (dbh), between 6.4 and 25 m tall, with at least 10% bark cover, and with a majority 
in hardness stages 3 and 4. 

INTRODUCTION 

Snags provide nest sites and foraging and perching platforms for cavity- 
nesting birds (CNB ). Numerous studies have described individual bird spe- 
cies’ needs for snags and have suggested strategies and snag management 
techniques for maintaining populations of CNB on forest lands (Jackman, 
1974; McClelland and Frissell, 1975; Conner, 1978; McClelland et al., 1979; 
Thomas et al., 1979; Miller and Miller, 1980; Bull et al., 1980; Scott et al., 
1980; Nietro et al., 1985). 

Individual CNB species partition habitats within which they breed and feed: 
e;g. CNB species requiring snags in open habitat do not use snags in nearby 
mature forests because they obtain their food(s) by foraging in the open and 
they remain in these sites to nest (Miller and Miller, 1980), Therefore, snags 
must be maintained in all seral stages to optimize diversity and density of 
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birds (Jackman, 1974; Meslow, 1978; Thomas et al., 1979). Timber-cutting 
practices in the Siuslaw National Forest and other forest lands throughout the 
Oregon Coast Range created clearcuts with few remaining snags (Cline, 1977 ) 
and, consequently, low numbers of CNB (Mamlan et al., 1980; Morrison and 
Meslow, 1983 ). 

Research in other states demonstrated I-igher use by CNB of clearcuts with 
snags than without snags (Marcot, 1983; Dickson et al., 1983; Zarnowitz and 
Manuwal, 1984), but few guidelines are available to indicate the number of 
snags most beneficial to CNB species. 

Height, diameter and condition of snags used as nest sites by CNB in ma- 
ture forests have been described (McClelland et al., 1979; Scott, 1979; Bull, 
1983; Raphael and White, 1984). As the CNB guild and vertical structure of 
vegetation on clearcuts differ from those in mature forests, snags selected by 
CNB for nesting in clearcuts may have characteristics different from those of 
snags selected in mature forests. 

Recently, snags have been left standing after clearcut harvest on public lands 
in western Oregon, providing an opportunity for study of the relationships 
between CNB and snag density, and snag characteristics. The purpose of this 
study was to investigate the relationships between CNB and density, and 
characteristics of snags on clearcuts. 

STUDY AREA 

The study was conducted in the Oregon Coast Range on lands administered 
by the USDA Forest Service, Siuslaw National Forest, Alsea District. Study 
sites were located approximately 25 km south and west of the town of Alsea 
on 13 clearcuts (less than 4 years old). All had been clearcut-logged, slash- 
burned, grass-seeded, and planted with Douglas-fir (Pseudotsuga menziesii) 
seedlings. Snags were usually the only structural component taller than the 
shrub layer. 

As a result of wildfire in the late 18OOs, the climax plant association of 
western hemlock (Tsuga heterophylla) and western red cedar ( Thujaplicata) 
is rare; subclimax Douglas-fir dominates the area. Deep soils, abundant rain- 
fall, and relatively mild winters produce rapidly growing trees. Intensive tim- 
ber-cutting in the past 35 years led to a patchwork of young, managed stands 
and new clearcuts, which together comprise approximately 50% of the forest 
lands managed by the USDA Forest Service (Steve Smith, personal commu- 
nication, 1980). 

METHODS 

Design 

The nu!! hypotheses were: (a) neither species-richness nor density of CNB 
was related to snag density; and (b) CNB did not select for snag height, di- 
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ameter breast height (dbh ), or condition (hardness and amount of bark 
cover). Testing whether species-richness or density of CNB was related to 
snag density required comparing CNB species richness and density of CNB 
among sites with differing snag densities. Testing whether CNB selected for 
snag height, diameter or condition required comparing snags utilized by CNB 
as nest sites with all snags on clearcuts for height, dbh, hardness and bark 
cover. 

Species richness and density of non-CNB were recorded in 1985 as a check 
against confounding factors. We assumed that if CNB and non-CNB exhib- 
ited similar species-richness and density of CNB at different levels of snag 
density, it would indicate that differences in richness and density of CNB 
were influenced by some factor other than snag density. Conversely, different 
responses of the two bird categories would suggest that CNB were affected by 
snag density rather than by soLme unqualified confounding factor. 

Site layout 

In 1985, we established 3.6 ha study sites for censusing birds on each of 12 
clearcuts. Sites encompassed 4 predetermined snag densities: minimum (ap- 
proximately 0.4 ha-’ ), low (approximately 5.0 ha- ’ ), medium (approxi- 
mately 10.0 ha-’ ) and high (approximately 20.0 ha-’ ). Sites were estab- 
lished at least 30 m from clearcut boundaries and away from major 
topographic features such as ridges or draws. 

In 1986, 11 of the 12 clcarcuts censused in 1985 and two additional clear- 
cuts we:e censused in entirety (the entire clearcut, rather than a central 3.6- 
ha portion). One 29-ha clearcut with a low number of snags ( 3 ha- ’ ) from 
among the 1985 sites was replaced with two smaller clearcuts with medium- 
to-high snag density to provide a larger sample of small clearcuts. The reason 
for this change was to clarify a perceived effect of clearcut size: preliminary 
evaluation of 1985 data suggested that small size ( < 10 ha) of clearcuts might 
mask the influence of snag density on CNB species-richness and -density. 
Niemi and Hanowski ( 1984) found no relationship between snag density and 
density of birds on clearcuts less than 15 ha. 

Bird census - 1985 

In 1985, an adaptation of the sample count method (Anderson, 1972) was 
used to es:imate bird densities for each study site. Four stations, approxi- 
mately 100 m apart, were established on each site, and CNB and non-CNB 
bird numbers in the surrounding 0.9 ha* sub-site were recorded for 10 min at 
each station, providing a uniform 40-min census per site. Censuses began at 
sunrise and were completed within 3 h. Two and occasionally 3 sites were 
censused daily. All sites were censused six times from May 1 through the end 
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of July. Censuses were not conducted on days with heavy rain. The maximum 
number of male birds of a given species counted on any one of three or more 
censuses was considered to represent the number of breeding pairs. Species 
seen in fewer than three censuses or using a nest site located outside site 
boundaries were recorded as ‘using’ the site. 

Bird census - I986 

It became apparent in 1985 that CNB could be observed and recorded eas- 
ily over entire clearcuts. Therefore, an adaption of a spot map census ( Arbib, 
1970) was used in 1986. Entire clearcuts were surveyed from two to seven 
fixed points, the number varying with clearcut size, topography and number 
of snags requiring observation. Half an hour was spent at each census point, 
and snags surrounding each point were observed for CNB. Although census- 
ing time on clearcuts varied, each snag was under observation for approxi- 
mately the same amount of time. Only birds incubating or feeding young at 
these snag nest sites were counted as breeding pairs. Each clearcut was cen- 
sused five times from 1 May to 10 July at 2-week intervals. Censuses were not 
conducted during periods of heavy rain, Non-CNB were not censused in 1986 
because they apparently were not affected by the presence of snags (see 
Results ). 

The two census methods allow identification of many diurnal CNB, but it 
should be noted that early nesting (e.g. downy woodpecker (Picoides pubes- 
tens) ) or ‘nest-shy’ birds (e.g. American kestrel (F&o sparverius) ) are likely 
to be under-represented by these techniques. These species require a census 
period beginning earlier and ending later in the season and observations longer 
tha,n half an hour for detection of all nest sites 

Snag classification 

Height, dbh, hardness and percentage of bark cover were recorded for 1942 
snags located within the 13 clearcuts. Dbh was measured with a diameter tape 
and height with an Abney level. Dbh and height were divided into six size 
groups each, with intervals of 24 cm ( 10 in.) for dbh and 3 m ( 10 ft.) for 
height. Snag hardness was divided into the five stages described by Cline et 
al. ( 1980). Stages were arranged chronologically after the death of the tree 
(stage l , O-6 years; stage 2,7- 18 years; stage 3, 19-50 years; stage 4, 5 I - 125 
years; stage 5, 126 + years), and by degree of deterioration (stage 1, minimal 
deterioration-stage 5, maximum deterioration). Bark cover was estimated as 
a percentage of bole covered with bark. Presence or absence of potential nest- 
sites (woodpecker holes, natural cavities) was also noted. 
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Analysis 

Differences in densities of snags at the four snag levels used in i 985 were 
tested for significance using analysis of variance (Neter et al., 1985). Post- 
hoc tests were conducted to test for differences between individual snag lev- 
els. Differences in percent ground cover for grass/forb, shrub, and bare ground 
among sites with different snag levels were tested for significance using anal- 
ysis of variance. 

Responses to snag density for CNB and non-CNB for 1985 were evaluated 
by comparing mean species richness and density among four snag levels. 
Analysis of variance was used to detect significance of any differences. Re- 
sponses in 1986 were evaluated using regression analysis (Snedecor and 
Cochran, I 968 ) which tested for significance of the correlation between snag 
density (independent variable) and bird density (dependent variable). As 
clearcut size appeared to affect CNB density, additional regressions were con- 
ducted only with the ten clearcuts smaller than 10 ha, excluding three clear- 
cuts 5.3,6.9 and 8.5 ha in size. 

Comparison of CNB density and species-richness with density of snags 
containing identified nest rites was performed because it was anticipated that 
a stronger relationship between snag density and CNB species-richness and 
density could be determined, if density of snags only with nest sites was used 
as the independent variable. 

Differences between mean dbh, height and percent bark cover of snags used 
by 2NB (pooled ) and of all snags (pooled) were tested for significance using 
analysis of variance. Differences of mean dbh and height of snags used as nest 
sites among individual bird species (for species with more than 15 nest sites) 
and between individual bird species, and all snags were tested using analysis 
of variance. 

We anticipated considerable variation in snag dbh and height values which 
could mask selection or avoidance by CNB for snags exhibiting extreme dbh 
and height values. To circumvent this potential problem we compared avail- 
ability and CNB use of snags by dbh and height values within successive in- 
tervals. Proportions of: (a) snags used by CNB for nest sites; and (b) all 
available snags within clearcuts were compared using chi-square analysis 
(Huntsburger and Billingsley, 1973 ). This method was also used to evaluate 
selection of, or avoidance of, snag hardness by CNB species with more than 
15 nest sites. 

Generally, dbh and height are highly correlated, so testing for relationships 
between CNB density and species- richness and height might not yield infor- 
mation of additional value if the relationships between CNB species-richness 
and -density and dbh were already known. However, because of fire, rot and 
wind-break, many snags of larger dbh were quite short. Correlation between 
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height and dbh was conducted for all snags and for snags utilized by individ- 
ual bird species to test for independence of the two parameters. 

The 95% confidence level was used to evaluate significance of differences 
for all comparisons. 

RESULTS 

Study site snag density 

The four densities of snags (three sites each) had group means of 0.8, 6.4, 
11.1 and 23.3 snags ha-’ for minimum, low, medium and high groups respec- 
tively. These means were all significantly different from each other. 

Bird census - 1985 

Eighty-five pairs of CNB representing nine species were recorded more than 
twice on the 12-study sites. Fifty-five of these pairs, representing six species, 
were observed on three or more censuses and assumed to be nesting within 
site boundaries. Single observations of five additional CNB species were re- 
corded within sites. No nest sites (snags with cavities observed being used by 
CNB) of CNB were observed on the three sites with minimum number of 
snags. 

Six species (northern flicker (Coraptes aurutus), hairy woodpecker (Pi- 
coides villosus), house wren ( Troglodytes aedon), western bluebird (Sialia 
mexicana), tree swallow ( Tachycineta bicolor ), and violet-green swallow 
( Tachycineta thalussina) were common, nesting on or near 56-100% of the 
sites with snags. The American kestrel, starling (Sturnus vulgaris) and barn 
swallow (Hirundo rustica) used a few sites but were not recorded as nesting 
within the sites. The pileated woodpecker (Dryocopus pileatus), chesinut- 
backed chickadee (Purus rufescens), pygmy owl (Glaucidium gnoma ), downy 
woodpecker (Picoides pubescens) and purple martin (Progne subis) were re- 
corded only once each on sites. 

Two-hundred-and-fifty-one pairs of non-CNB birds, representing 20 spe- 
cies, were recorded repeatedly (more than twice) on study sites. Two-hundred- 
and-fourteen of these pairs ( 17 species) were observed three or more times 
and were assumed to be nesting within site boundaries. An additional ten 
species were observed only once. 

Non-CNB species assumed nesting on all 12 sites included the white- 
crowned sparrow (Zonotrichia leucophrys), song sparrow (Melospiza melo- 
dia), dark-eyed junco (Junco hyemalis) American robin (Turdus migrato- 
rius) and rufous hummingbird (Selasphorus r&s). Five additional species 
(Swainson’s thrush (Catharus ustulatus), American goldfinch (Carduelis 
tristis), orange-crowned warbler ( Vermivoru celata), McGillivray’s warbler 
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(Oporornis tolmiei) and Wilson’s warbler ( Wilsonia pusilla) ) were also com- 
mon nesters, present on 50% or more of the study sites. Snags were used fre- 
quently for perching and singing but not for nesting by non-CNB species. 

Bird census - 1986 

Nests of 188 pairs of thz same 9 CNB species repeatedly identified in 1985 
were located in 1986 in the 13 clearcuts surveyed. On any given clearcut, 3- 
36 pairs of birds representing 2-7 species nested on clearcuts. House wren 
nests, found on all clearcuts, accounted for 5 i % of all cavity nests; violet- 
green swallows, on 77% of the clearcuts, accounted for 18%; and the common 
flicker, western bluebird, hairy woodpecker and tree swallow, on 85%, 77%, 
39% and 46% of the clearcuts, respectively, accounted for a combined 22% of 
nests. Forty-eight CNS birds that included an additional seven species were 
observed on clearcuts, but their nests were not found. 

Response to snag density 

Mean species-richness of non-cavity nesting birds at the four snag levels 
ranged from 2.5 to 3.6 ha-‘, and mean density ranged from 4.4 to 5.6 ha-’ 
(Fig. I). Neither species richness nor density differed significantly with dif- 
ferent snag density 

2.5 
t--7 

,.rl / 

CKBD NCNBD CNBSR NCNBSR 

n Minimum No. Snags 

Low No. Snags 

Medium No. Snags 

a High No. Szgs 

Fig. 1. Comparisons of density of cavity-nesting birds (CNBD), density of non-cavity-nesting 
birds (NCNBD), species-richness of cavity-nesting birds (CNBSR). and species-richness of 
noi; cavity-nesting birds (NCNBSR) for four levels of snag density. 
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Mean species richness of CNB at the four snag levels ranged from 0.0 to I. 1 
birds ha-’ (Fig. I); differences among snag density levels were significant. 
Species-richness at the two highest sna, m* densities differed significantly from 
species-richness at the minimum snag density. In the three plots with highest 
snag density, CNB comprised 30% of bird species. 

Mean density of CNB ranged riom 0.0 to 1.8 birds ha-! (Fig. I ): differ- 
ences among snag density levels were almost significant (PC 0.06 ). Cavity- 
nesting birds’ densities on sites with minimum snag densities differed signif- 
icantly from those on sites with high snag density, The three plots with highest 
snag density accounted fcr 32% of all birds. 

For the 1986 census, regression of CNB density on snag densit;! yielded a 
significant correlation coefficient (0.41; (Fig. 2). Regression of species-rich- 
ness on snag density also yielded a significant correlation coefficient (0.56 > 
(Fig. 2 ). However: restricting these regressions to the 1 Q sites of more than 
10 ha resulted in smaller correlations (0.37 and 0.28 for CNB density vs. snag 
density, and CNB species-richness vs. snag density, respectively ), contrary to 
our expectations. 

As expected, the correlation coefficients for regression of CNB species-rich- 
ness (0.54) and -density (0.52) on density of snags with potential nest sites 
were as high or higher than when CNB density and species-richness were re- 
gressed on all snags. 

0f individual CNB identified in this study, 31% were secondary cavity- 
nesters (unable to create cavities j. Abandoned woodpecker holes accounted 

0.7 
r 

Snags per Ha 

CNB richness 

4 

!? 

2NB density 
- -0 -. 

Fig. 2. Regressions of cavity-nesting bird species-richness and breeding pair density on snags 
ha-‘. 
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for orost of nest sites (9 1 O/o), and natural cavities were only occasionally used 
(9%). 

The number of snags characterized as having potential nest sites (wood- 
pecker holes or natural cavities) was undoubtedly high because it included 
incomplete woodpecker cavities (round holes without cavities), and possibly 
unsuitable natural cavities (crevices, cracks, indentations). Number of snags 
with truly suitable cavities, and of nreferred size and condition may have been 
even more strongly correlated with bird nesting. 

Snag characteristics 

Diameter 
Mean dbh for snags pooled across all sites (77.1 cm) was not significantly 

different from that for snags used by CNB pooled across all sites (78.3 cm) 
(Table I). Mean dbh of snags pooled across all sites was significantly differ- 
ent from dbh of snags selected by violet-green swallows (97.2 cm) and tree 
swallows (60 cm). Violet-green swallows selected snags of significantly larger 
dbh than all other CNB, and tree swallows selected snags of significantly 

Mean dbh (cm), height (m), and bark cover (%) of snags available to, and used by, cavity-nesting 
birds. Silperscripts indicate significant (Pi 0.05) differences among mean values with similar letters 
within columns 

dbh 
(range) 

Height 
(range ) 

Bark LJ + er 
(range ) 

All snags 77.1a.h 5.7a-f 
(15.2-172.7) (0.9-45.5) 

All birds 78.3hJ 
(25.4-157.5) 

8,3&h 

(?.I-23.8) 

House wren 77.1c,d 
(30.5-149.9) 

7, 1 b.z.1.~ 
(2.1-21.3). 

Bluebird 71.3’ 
(25.4-137.2) 

9 2’.‘.L.’ 
(3:7-16.8) 

Flicker 75.3r 
(40.6-121.9) (K21.0) 

VC swallow 97.2”.‘@-h 
(43.2-i57.5) 

1 1 y.ki,k.m 
(3:7-23.8) 

Tree swallow @,.,Jb.d.B.‘J 

(33.0-l 19.4) 
7. j%n 

(3.7-15.5) 

22.8” 
(O-100) 

?4.6’= 
(0-iO0) 

16 Oc.h 
(a-100) 

23.3d 
(0-100) 

11.1e.g 
(O-100) 

41 1”h 
(o-loo) 
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Fig. 3. Comparison of diameters of available snags (%) with diameters of snags used by cavity- 
nesting birds (%) over six diameter intervals. 

smaller dbh than house wrens and violet-green swallows. Large ranges ofdbh 
for snags pooled across all sites and for snags selected by CNB demonstrate 
the large variety in dbh of available snags and of snags used by all CNB spe- 
cies (Table ! ). 

Snag diameters arrayed by intervals approximated a Poisson distribution 
(Fig. 3), 87% falling between 28 and 127 cm dbh. Snags used by CNB mir- 
rored availability, except for avoidance of snags with dbh !ess than 28 cm, 
and selection for snags of 78- 102 cm dbh. 

Height 
Mean height for snags pooled across all sites (5.7 m) was significantly lower 

than mean height of snags selected by CNB pooled across all sites (8.3 m), 
and for individual CNB species (Table 1 ). Mean heights of snags selected by 
CNB differed significantly among species (Table 1). Ranges of snag heights 
available and selected by individual CNB species were wide, demonstrating 
the breadth of variety of heights available to and selected by CNB. 

When snag heights were arrayed by intervals, their distribution was skewed 
to the shorter classes, as 71% were less than 6.4 m tall. Cavity-nesting birds 
selected snags taller than 6.4 m (Fig. 4), and avoided those in height intervals 
1.8-3.3 and 3.4-.6.3 m. 

Correlation between dbh and height 
Coefficients for correlation between dbh and height were not significant for 

four out of five CNB species, ranging from 0.004 for tree swallows to 0.168 
(P-=z 0.05) for the house wren. Correlation coefficient for snags pooled across 
all sites was 0.03. These results suggested that dbh and height were indepen- 
dent and could be evaluated separately as variables for snag selection by CNB. 
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SNAG HElGHT (m) 

Fig. 4. Comparison of heights of available snags (%) with heights of snags used by cavity-nest- 
ing birds (%) over six height intervals. 

TABLE 2 

Frequency of availability of and selection by cavity-nesting birds of snags of five hardness stages. All 
pair-wise comparisons of all rows yield significantly different (PcO.05) chi-square values 

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

All snags 0.015 0.059 0.233 0.412 0.283 
All CNB 0.0 0.028 0.437 0.425 0.111 
House wren 0.0 0.021 0.427 0.427 0.125 
Bluebird 0.0 0.0 0.50 0.444 0.056 
Flicker 0.0 0.062 0.438 0.50 0.0 
VG swallow 0.0 0.0 0.303 0.512 0.182 
Tree swallow 0.0 0.111 0.667 0.167 0.056 
-- .- 

Hardness 
Cavity-nesting birds as a group utilized snags of significantly different 

hardness than generally available (Table 2), selecting stage 3 snags and 
avoiding stage 1, 2 and 5 snags. Selection of snags for hardness was signifi- 
cantly different for all paired comparisons of CNB species. 

Bark cover 
Cavity-nesting birds as a group se!ected snags of significantly higher per- 

cent bark cover than available (Table 1). Selection of snags for bark cover 
were sienificantly different for 4 of 10 paired comparisons of CNB species. 
All species used the full range (0- 100%) of bark cover. 

DISCUSSION 

Bird response to presence of snags 

The common observation of CNB on clearcuts with snags and the high level 
of associated nesting is in striking contrast with previous evaluations of CNB 
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use ofclearcuts without snags on the Siuslaw National Forest. Mannan et al. 
( 1980) and Morrison and Meslow ( 1983 ) reported CNB to be rare: (occa- 
sionally using the few remnant snags available) or totally absent from 
clearcuts. 

The large and positive numerical response of the house wren and western 
bluebird to snag density was especially important, as these two species were 
previously classified as “rare to uncommon” in the Siuslaw National Forest 
(all successional stages) (Phillips, 198 I). 

The increase by over 30% of species-richness and densities of birds by ad- 
dition of CNB on sites with high snag density is similar to the proportion 
predicted by Harmon er al. ( 1985). The proportion of the total bird com- 
munity represented by CNB birds on clearcut sites may be higher than that of 
any subsequent seral stage except old-growth, and emphasizes the need for 
snag management in this earliest seral stage. 

Previous studies demonstrated that non-cavity nesting birds are not signif- 
icantly affected by the presence or absence of snags. Raphael and White 
( 1984) reported a 6% decrease in non-cavity nesting species after snag re- 
moval on a brush site. Dickson et al. ( 1983) reported that density of non- 
CNB species was higher for some species and lower for others, and that over- 
all densities were similar for clearcut sites with or without snags. 

Although non-cavity nesting species were frequently observed perching on 
and singing from snags in this study, presence of snags apparently did not 
affect their population density, as similar numbers of non-cavity nesting birds 
were observed on clearcuts with few snags. Cavity-nesting birds ostensibly 
did not displace non-cavity nesting birds from clearcuts: densities of non-cav- 
ity nesting birds were similar on sites with differing snag and CNB densities. 

Effe of snag density 

The clearly increasing trend of CNB species-richness and -density associ- 
ated with increasing snag density levels did not exist for non-cavity nesting 
birds. This observation suggested that differences in density of CNB birds 
among sites were most likely a function of snag density. 

Most studies have indicated a positive correlation between snag density 
and CNB density (Balda, 1975; Mannan, 1977; Scott, 1979; Raphael and 
White, 1984; Zarnowitz and Manuwal, 1984). However, a few studies (Cun- 
ningham et al., 1979; Niemi and Hanowski, 1984) did not report this corre- 
lation. In our study, a significant positive correlation between CNB and snag 
density was observed. 

Niemi and Hanows’.t ( 1984), who reported a lack of correlation between 
bird density and snag density, suggested that small size of logged areas ( 5- 15 
ha) influenced CNB use. Factors affecting bird density on small clearruts may 
include use of surrounding habitats for nesting, edge effects or insufficient 
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open ground for foraging and heightened intraspecific competition. However, 
we obtained better correlations between snag density and CNB density and 
species-richness when small clearcuts were included rather than excluded from 
our sample. This result suggests that the relationships between snag density 
and CNB density and species-richness hold for clearcuts of more than 5 ha. 

Effect of snag density 

A strong selection by CNB in mature forests for snags with diameters larger 
than 50 cm has beer, reported by many researchers (McClelland et al., 1979; 
Bull et al., 1980; Mannan et al., 1980). Densities of CNB were positively cor- 
related with densities of large-diameter snags ( > 52 cm) but not with densi- 
ties of small-diameter snags in studies of forests oi mixed set-al stages (Ra- 
phael and White, 1984; Zarnowitz and Manuwal, i ‘184:. 

In our study, selection for large diameter snags w is observed only for snags 
in one (78-102 cm) interval. Snags with diameter-j less than 23 cm were not 
used as nest sites, and snags falling within larger diameter intervals ( !03- 127 
cm, 128 + cm) were neither selected nor avoidd. Miany large-diameter snags 
were short, decayed remnants and may not hav:: had all the beneficial aspects 
of large-diameter snags suggested by other stucbe 5. 

The lack of use of small-diameter snags h3s been noted in studies other than 
ours. In a description of nest sites of primary C’NB, Mannan et al. ( 1980) 
reported a minimum dbh of 36 cm. Raphael ard White ( 1984) and Zarnow- 
itz and Manuwal ( 1984) reported virtual?y no nests in trees of less than 23 
cm dbh, the diameter of the smallest snag contaicing a nest in our study. Scott 
( 1979) found virtually no use of snags smaller than 38 cm diameter. 

Larger bird species require larger snags, whe,?eas smaller species can use 
large and small snags (Thomas et al., 1979). &re importantly, large-diam- 
eter snags remain standing significantly longer than smaller snags, providing 
nest sites for a longer period of time (V;righ? and Harvey, 1968; Lyon, 1977; 
Cline et al., 1980; Graham, 1982; Bull. 1983; Raphael and White, 1984). The 
potential standing time of newly created snags, which must provide nest sites 
for decades to come, becomes a crucia, factor. Snags with the largest diame- 
ters possible should be retained or created, as they will stand longer. Cline et 
al. ( 1980) recommended retaining suags of more than 50 cm dbh. 

Effect of snag height 

Previous studies have not documer&zd the importance of snag height. Ra- 
phael and White ( 1984) reported no height preference except reduced use of 
snags less than 6 m tall. Mannan ( 197 7 ) also reported no correlation between 
height and use by CNB but found a preference for snags more than 15 m tall. 
Scott ( 1979) reported higher use of snzgs taller than 24 m but no preferences 
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among shorter classes. Snags in our study were considerably shorter (7 1% less 
than 6.4 m) than those of other studies, which may have increased the attrac- 
tiveness of the few taller snags available. The benefits of tall snags include 
greater protection from ground-dwelling predators (Kilham, 197 1) and a po- 
tentially larger substrate for nesting and foraging (Raphael and White, 1984). 

Snags less than 6.4 m tall comprised 37% of the nest sites in this study, 
However, as the canopy develops, short snags may not provide suitable nest 
sites for CNB of subsequent seral stages. In mature habitats, snags taller than 
15 m are selected as nest sites (McClelland and Frissel, 1975; Mannan et al., 
1980), but Cline et al. ( 1980) reported that snags shorter than 15 m are best 
for safety and timber-harvest reasons. We recommend retaining snags 6.4 m 
tall or taller with consideration of lower heights for safety reasons (e.g. sites 
fertilized via helicopter). 

Effect of snag condition 

Cavity-nesting birds avoided newer, harder snags and snags of advanced 
deterioration, selecting snags with decayed sapwood which had been dead for 
20-50 years. As reported by others, (Conner et al., 1975; Scott, 1979; Man- 
nan et al., 1980), newly dead trees were not used for nesting. Apparently, t.he 
wood is too hard for excavation by woodpeckers. More than 5 years must 
elapse before decay is sufficient to allow excavation (Cline et al., 1980). 
Therefore, the retention of newly-created snags alone will not meet CNB nest- 
ing requirements for some time. 

Woodpecker species vary in their ability to excavate (Spring, 1965 ), and 
researchers have reported species-specilic woodpecker preferences for snag 
condition (Raphael and White, 1984; Zarnowitz and Manuwal, 1984 ) . Man- 
nan et al. ( 1980) reported that flickers used hard and soft snags and hairy 
woodpeckers only hard snags. As with woodpeckers, individual non-excavat- 
ing CNB species utilized snags of different hardness at different rates, which 
suggests that a full range of snag hardness should be available for CNB. Cav- 
ity-nesting birds selected snags with significantly greater bark cover than found 
on available snags, but also exhibited significant differences among species, 
suggesting that a full range of bark cover should be available for CNB. 

Selection of snags by CNB 

Cavity-resting birds selected snags based on dbh, height, hardness and bark 
cover. As 9 1 O/u of nest sites utilized by secondary CNB (those unable to exca- 
vate cavities) were cavities created by woodpeckers, sapsuckers and flickers, 
it is these, the primary CNB, that actually select for snag attributes; secondary 
CNB merely use what has been created by the excavators. In this study, only 
two species, the tree swallow and violet-green swallow appeared to partition 



CAVITY-NESTING EItRDS AND SNAGS ON C’LEARCUTS 313 

the nesting resource between themselves consistently, selecting siies of signif- 
icantly different dbh, height, hardness and bark cover. 

MANAGEMENT IMPI,IC4TIONS 

The high proportion of CNB observed in this study emphasizes the need 
for retaining snags with cavities on clearcut sites. When enough snags (nest 
sites) are provided, CNB numbers should increase until food resources or 
other site factors limit populations. 

Fixing a precise snag density that maximizes bird response is difficult be- 
cause of the confounding effects of unit size, bird territoriality, snag distri- 
bution and snag quality. When fewer than 10 snags ha- * were present, CNB 
density was no higher than 0.3 birds ha-- ’ and was probably constrained by 
lack of nest sites. Neither species-richness nor -density appeared asymptotic 
at the highest snag densities: possibly even higher species-richness and -den- 
sity values would accrue from snag densities greater than tne 25 ha- ’ for all 
snags incorporated in our study, especially if the snags possessed preferred 
attributes. 

The high degree of correlation between CNB species-richness and -density 
with density of sn?gs with nest sites suggests that density of snags with nest 
sites may provide a more realistic number of snags to leave on clearcuts ( 14 
snags ha- ’ ), if only snags of dbh, height, hardness and bark cover selected by 
CNB are retained. 

To provide acceptable nesting conditions for CNB in central coastal Ore- 
gon, we recommend leaving 14 snags ha-‘, between 28 and 128 + cm dbh, 
between 6.4 and 25 m tall, with at least 1 O-40% bark cover, and with most in 
hardness stages 3 and 4. The above recommendations concern only provision 
of snags for CNB on the clearcut phase of a site’s development. Provision of 
adequate numbers of trees that will become snags for CNB that will populate 
succeeding sera will require leaving additional trees of characteristics and 
density recommended by other studies. 

In western Oregon, 70 years are required to produce the larger snags to 
provide for the full spectrum of CNB birds (Cline, 1977). Therefore, retain- 
ing existing snags (for immediate use) and green trees (for future use as snags) 
on clearcuts will provide CNB habitat for the earliest seral stage (grass-forb 
habitat) and subsequent successional stages. Selecting snags with the most 
likelihood of use by CNB may reduce the number of snags required. There- 
fore time and effort should be spent in selecting and retaining those snags 
with the desired attributes. As newly created snags are not suitable as nest 
sites for at least 5 years, and snags with a wide range of diameters are used as 
nest sites by CNB, we recommend providing for new and existing snags with 
a mix of sizes and condition. 



314 B. SCHREIBER AND D.S. DECALESTA 

ACKNOWLEDGEMENTS 

We thank J.A. Lattin, E.C. Meslow and W. McComb for reviewing drafts 
of this manuscript and C. Phillips, R. Gale, L. Norris and S. Smith for support 
and encouragement, Funding was supplied by the USDA Forest Service and 
the Forest Science Department, Oregon Stage University. This is paper 2395, 
Forest Research Laboratory, Oregon State University. 

REFERENCES 

Anderson, S.H., 1972. Seasonal variations in forest birds of western Oregon. Northwest Sci., 4: 
194-206. 

Arbib, Jr., R.S., 1970. Recommendations for an international standard for a mapping method 
in bird census work. Audubon Field Notes, 2: 722-726. 

Balda, R.P., 1975. The relationship of secondary cavity-nesters to snag densities in western 
coniferous forests. Wildlife Habitzt Tech. Bull. I., US Dept. Agric. For Serv., Southwest Reg. 
Albuquerque. NM, 37 pp. 

Bull, E.L., 1983. Longevity of snags and their use by woodpeckers. In: J.W. Davis, G.A. Good- 
win and R.A. Ockenfels (Editors), Symposium Proceedings, Snag Habitat Management. US 
Dept. Agric. For. Serv. Gen. Tech. Rep. 99, Rocky Mountain Forest and Range Experimen- 
tal Station, Fort Collins, CO, pp. 64-68. 

Bull, E.L., Twombly, A.D. and Quigley, T.M.: 1980. Perpetuation of snags in managed mixed 
conifer forest of the Blue Mountains, Oregon. In: R.M. DeGraaf (Technical Coordinator), 
Workshop Proceedings, Management of Western Forests and Grasslands for Non-Game Birds. 
US Dept. Agric. For. Serv. Gen. Tech. Rep. INT-86, Imermountain Forest and Range Ex- 
perimental Station, Ogden, UT, pp. 325-336. 

Cline, S.P., 1977. The Characteristics and Dynamics of Snags in Douglas-Fir Forests of the 
Oregon Coast Range. M.S. Thesis. Oregon State University, Corvallis, 106 pp. 

Cline, S.P., Berg, A.B. and Wight, H.M., 1980. Snag characteristics and dynamics in Douglas- 
fir forests, western Oregon. J. Wildl. Manage., 44: 773-786. 

Conner, R.N., 1978. Snag management for cavity-nesting birds. In: R.M. DeGraaf (Editor), 
Workshop Proceedings, Management of Southern Forests for Nongame Birds. US Dept. Agric. 
For. Serv. Gen. Tech. Rep. SE- 2 4, Southeastern Forest Experimental Station, Asheville, NC, 
pp. 120-128. 

Conner, R.N., Hooper, R.G. and Crawford, H.S.. 1975. Woodpecker nesting habitat in cut and 
uncut woodlands in Virginia. J. Wild]. Manage., 39: 144-l 50. 

Cunningham, J.B., Balda, R.P. and Gaud, W.S., 1979. Selection and use of snags by secondary 
cavity-nesting birds of the ponderosa ?ine forest. US Dept. Agric. For. Serv. Res. Pap. Rm- 
222,15 pp. 

Dickson, J.G., Conner, R.N. and Williamson, J.H., 1983. Snag retention increases bird use of a 
clearcut. J. Wildl. Manage., 47: 799-804. 

Graham, R.L., 1982. Biomass Dynamics of Dead Douglas-Fir and Western Hemlock Boles in 
Mid-Elevation Forests of the Cascade Range. Ph.D. Thesis, Oregon State University, Cor- 
vallis, 152 pp. 

Harmon, M.E., Franklin, J.F., Swanson, F.J., Sollins, P., Gregory, S.V. et al., 1985. Ecology of 
coarse woody debris in temperate ecosystems. Adv. Ecol. Res., 15: 133-302. 

Huntsburger, D.V. and Billingsley. P., 1973. Elements of Statistical Inference. Allyn and Bacon. 
Boston, pp. 199-202. 

Jackman, S.M., 1974. Woodpeckers of the Pacific Northwest: Their Characteristics and Their 
Role in the Forests. M.S. Thesis, Oregon State University, Corvallis, 147 pa. 

Kilham, L., 1971. Reproductive behavior o”yellow-bellied sapsuckers: 1 ) Preference for nesting 



CVITY-NESTING BIRDS AND SN.4GS ON CLEARCUTS 315 

in Fames-infected aspens and nest hole interrelations with flying squirrels, raccoons, and 
other animals. Wilson Bull., 83: 159-l 71. 

Lyon, J., 1977. Attrition of lodgepole pine snags on the Sleeping Child Burn, Montana. US 
Dept. Agric. For. Serv. Res. Note INTRN-2 I9-FR 12, Intermountain Forest and Range Ex- 
perimental Station, Ogden, UT, 4 pp. 

Mannan, R.W., 1977. Use of Snags by Birds, Douglas-Fir Region, Western Oregon. M.S. thesis. 
Oregon State University, Corvallis, 114 pp. 

Mannan, R.W., Meslow, E.C. and Wight, H.M., 1980. Use of snags by birds in Douglas-fir for- 
ests, western Oregon. J. Wildl. Manage., 44: 787-797. 

Marcot, B.G., 1983. Snag use by birds in Douglas-fir clearcuts. In: J.W. Davis, S.A. Goodwin 
and R.A. Ockenfels (Editors), Symposium Proceedings, Snag Habitat Management. US Dept. 
Agric. For. Serv. Gen. Tech. Rep. RM-99, Rocky Mou Lain Forest and Range Experimental 
Station, Fort Collins, CO, pp. 132-140. 

McClelland, B.R. and Frissell, S.S., 1975. Identifying forest snags useful for hole-nesting birds 
in forests of western larch and Douglas-fir. J. For., 73: 4 i 4-4 17. 

McClelland, B.R., Frirsell, S.S., Fischer, WC. and Halvorson, C.H.. 1979. Habitat management 
for hole-nesting birds in forests of western larch and Douglas-fir. J. For., 77: 480-483. 

Meslow, E.C., 1978. The relationship of birds to habitat structure-plant communities and 
successional stages. In: R.M. DeGraaf (Editor), Workshop Proceedings, Nongame Bird 
Habitat Management in the Coniferous Forests of the Western US. US Dept. Agric. For. 
Serv. Gen. Tech. Rep. PNW-64, Pacific Northwest Forest and Range Experimenta! Station, 
Portland, OR, pp. 12-l 8. 

Miller, E. and Miller, D.R., 1980. Snag use by birds. In: R.M. DeGraaf, (Editor), Workshop 
Proceedings, Management of Western Forests and Grasslands for Nongame Birds. US Dept. 
Agric. For. Serv. Gen. Tech. Rep. Int ..86, Intermountain Forest and Range Experimental 
Station, Ogden, UT, pp. 337-356. 

Morrison, M.L. and Meslow, E.C., 1983. Avifauna Associated with Early Growth Vegetation on 
Clearcuts in the Oregon Coast Ranges. US Dept. Agric. For. Serv. Res. Pap. PNW-305., 
Pacific Northwest Forest and Range Experimental Station, Portland, OR, 12 pp. 

Neter, J., Wasserman, W. and Kutner, M., 198.5. Applied Linear Statistical Models. Richard E. 
Irwin, Homewood, IL. 

Niemi, G.J. and Hanowski, J.M., 1984. Relationships of breeding birds to habitat characteris- 
tics in logged areas. J. Wildl. Manage., 48: 438-443. 

Nietro, W.A., Binkley, V.P., Cline, S.P., Mannan, R.W., Marcot, B.G., Taylor, D. and Wagner, 
F.F., 1985. Snags. In: E.R. Brown, (Technical Editor) Management of Wi!dlife and Fish 
Habitats in Forests of Western Oregon and Washington. US Dept. Agric. For. Serv. PNW 
R6-Fand WL-192, pp. 129-169. 

Peterson, R.G., 1985. Design and Analysis of Experiments. Marcel Dekker, New York. 
Phillips, C.A., (Editor), 198 1. Wildlife Habitats and Species Management Program - Birds. US 

Dept. Agric. For. Serv., Siuslaw National Forest, Corvallis. OR, 581 pp. 
Raphael, M.G. and White, M., 1984. Use of snags by cavity-nesting birds in the Sierra Nevada. 

Wildl. Monogr., 86,66 pp. 
Scott, V.E., 1979. Bird responses to snag removal in ponderosa pine. J. For., 77: 26-28. 
Scoti, V.E., Whelan, J.A. and Suoboda, P.L., 1980. Cavity-nesting birds and forest manage- 

ment. In: R.M. DeGraaf (Technical Coordinator ), Workshop Proceedings, Management of 
Western Forests and Grasslands for Nongame Birds. US Dept. Agric. For. Serv. Gen. Tech. 
Rep. INT-86, Intermountain Forest and Range Experimental Station, Ogden, UT, pp. 3 1 O- 
324. 

Snedecor, G.W. and Cochran, W.G., 1968. Statistical Methods. Iowa State University Press. 
Ames, 593 pp. 



316 B. SCHREIBER AND D.S. DECALESTA 

Spring, L., 1965. Climbing and pecking adaptations in some North American woodpeckers. 
Condor, 67: 457-488. 

Thomas, J.W., Anderson, R.C., Maser, C. and Bull, E.L., 1979. Snags. In: J.W. Thomas (Edi- 
tor), Wildlife Habitats in Managed Forests; the Blue Mountains of Oregon and Washington. 
IIS Dept. Agric. For. Serv. Agric. Handbook 553. Washington DC, pp. 60-77. 

Wright, K.M. and Harvey, G.M., 1968. The deterioration of beetle-killed Douglas-fir in western 
Oregon and Washington. US Dept. Agric. For. Serv. Res. Paper PNW-50, Pacif: Northwest 
Forest and Range Experimental Station, Portland, OR, 20 pp. 

Zamowitz, J.E. and Manuwal, D.A., 1984. The effects of forest management on cavity-nesting 
birds in northwestern Washington. J. Wildl. Manage., 49: 255-263. 


