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Abstract. We examined nest-site and nest-cavity characteristics for six species of cavity- 
nesting birds in montane riparian and snowpocket aspen (Populus tremuloides) woodlan& 
in the northwestern Great Basin. Live trees and snags with DBH >24 cm were favored as 
nest sites by all species. Red-naped Sapsuckers (Sphy;apicus nuchalis) and Northern Flickers 
(Colaptes auratus) provided different sizes ofnest cavities for a suite of nonexcavator species. 
Flickers preferentially nested in snags; sapsuckers nested primarily in live trees, but used 
live trees and snags in proportion to their availabilities. Relative abundances of excavators 
and nonexcavators were associated positively with numbers of cavities. Nest-site variables 
overlapped extensively among species; Tree Swallows (Tachycineta bicolor) relied heavily 
on sapsuckers for provision of nest cavities, European Starlings (Sturnus vulgaris) and 
Mountain Bluebirds (Sialia currucoides) primarily used flicker-excavated cavities, and House 
Wrens (Troglodytes aedon) used nest cavities across the broadest range of nest-site char- 
acteristics. Compass orientation of nest-cavity entrances was strongly bimodal, with most 
facing east or southwest. Cavity entrances of species that foraged largely outside of riparian 
woodlands were oriented toward woodland edge, in contrast to nest cavities used by species 
that foraged largely within riparian woodlands. Snowpocket woodlands were much more 
extensive than riparian aspen, but birds strongly preferred riparian aspen stands as nesting 
habitats, presumably due to the scarcity of large aspen in snowpockets. Nest cavities appear 
to be a limiting resource with high potential for interspecific nest-site competition in these 
woodlands. Decades of livestock overuse and fire suppression have greatly diminished the 
availability of large aspen in riparian habitats throughout the region. 

Key words: Aspen woodland; cavity nesters; cavity orientation; Great Basin; nest-site 
characteristics; Northern Flicker; Red-naped Sapsucker: riparian woodland. 

INTRODUCTION 

Riparian forests and woodlands harbor the most 
species-rich avifaunas in the arid and semi-arid 
portions of the western United States (Knopf et 
al. 1988; Dobkin 1994; Saab et al., in press). 
Unfortunately, these habitats are focal points of 
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conflict among competing uses for livestock graz- 
ing, timber harvest, recreation, and water diver- 
sion for agriculture and domestic consumption 
(Thomas et al. 1979, Johnson et al. 1985). 

Decades of livestock overuse and exclusion of 
fire by land managers have resulted in extensive 
loss of woody riparian habitats and ecologically 
degraded conditions for much of what remains 
in the Intermountain West (Dobkin 1994, 
Fleischner 1994). Disruption of ecosystem func- 
tioning and alteration of both fauna1 and floral 
community composition are the legacy of these 
long-term impacts in western tiparian systems 
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(Gruel1 1985; Platts et al. 1987; Fleischner 1994; 
Saab et al., in press). 

Cavity-nesting birds are key components of 
riparian avifaunas in Great Basin aspen (Populus 
tremuloides) woodlands, the only broad-leaved 
woodlands in montane areas of this vast region 
(Billings 1990) that can provide significant nest- 
ing habitat for cavity-excavating species. In the 
mountains of central Nevada, Red-naped Sap- 
suckers (Sphyrapicus nuchalis) are the primary 
providers of cavity nest sites in riparian aspen 
woodlands, and their presence is associated with 
increased abundances of native, secondary cav- 
ity-nesting species (Dobkin and Wilcox 1986). 
At Hart Mountain National Antelope Refuge in 
southeastern Oregon, cavity-nesting birds con- 
stitute nearly 50% of all breeding individuals in 
montane aspen woodlands (Dobkin et al., in 
prep.). 

The conservation importance of rangeland ri- 
parian habitats and the paucity of information 
on riparian avifaunas in the Great Basin prompt- 
ed us to undertake a long-term study of riparian 
avifaunas in the northern Great Basin. The pur- 
pose of the research reported here was to gain a 
better understanding of the interrelationships 
among primary and secondary cavity nesters in 
montane riparian and snowpocket aspen wood- 
lands by: (1) comparing use to availability of nest 
sites, (2) evaluating the potential for nest site 
competition among species based on quantita- 
tive assessment of nest site characteristics, and 
(3) examining the relative dependence of sec- 
ondary cavity-nesting species on specific cavity 
excavators. 

STUDY AREA 

This study was conducted in the northwestern 
Great Basin on the 115,000 ha Hart Mountain 
National Antelope Refuge (42”25’N, 119”4O’W) 
in southeastern Oregon. The refuge encompasses 
the entire fault block escarpment of Hart Moun- 
tain. Aspen woodlands ranged in elevation from 
1,725 m to 2,300 m, and occurred as narrow 
ribbons of riparian habitat surrounded by sage- 
brush steppe, or as dense stands of smaller-stat- 
ure trees on sideslopes and snowpocket areas in 
the higher reaches of riparian drainages. Ripar- 
ian aspen woodlands typically were < 100 m in 
width, and areas of snowpocket aspen generally 
ranged from 100 m to 300 m in width. As else- 
where in the Great Basin, woody riparian habitat 
was extremely limited within these landscapes, 

and totaled only 3 17 ha (< 0.003%) of the entire 
refuge, including snowpocket aspen stands. As- 
pen woodland accounted for 262 ha, of which 
85% (223 ha) consisted of snowpocket stands, 
with the remaining woody riparian habitat com- 
posed of willows and other deciduous shrubs. 

METHODS 

NEST SITE AVAILABILITY 

In 199 1 we estimated densities of tree cavities 
in aspen woodlands on 25 plots distributed among 
the five major drainages of the refuge in pro- 
portion to total aspen area in each drainage. Be- 
cause our studies indicated much greater cavity- 
nester use and higher abundances of cavity nest- 
ers in riparian aspen compared with snowpocket 
stands, we placed two-thirds of our plots in ri- 
parian woodland. Plots were 100 m x 150 m 
(1.5 ha) and were surveyed in October-Novem- 
ber so that cavities were not obscured by foliage. 
For all trees with cavities, we recorded tree spe- 
cies, status (live or dead), height, diameter at 
breast height (DBH = 1.4 m), presence of visible 
shelf fungi (Fomes spp.), number of cavities per 
tree, cavity height, and compass orientation of 
cavity entrances. Trees were not climbed in this 
survey, hence a small but probably significant 
overestimation of actual cavity availabilities for 
nonexcavators was caused by inclusion of cavi- 
ties that were not fully excavated but had suffi- 
cient entrance diameters to be counted from 
ground level. 

In 199 1 and 1992 we estimated total aspen 
densities for dead trees (snags) and live trees on 
the 25 plots surveyed for cavities. In each plot, 
we established twelve 100 m strip transects at 
12.5 m intervals perpendicular to each of the 
main transects, and recorded all woody stems 
within 1 m of each transect line. We calculated 
availabilities of live and dead trees for all trees 
with DBH 2 12 cm, based on the range of DBH 
measurements found in the cavity survey. 

AVIAN RELATIVE ABUNDANCES 

We sampled birds during the 199 l-l 993 breed- 
ing seasons in the 25 plots using modified fixed- 
width line transects (Emlen 197 1,1977). Six times 
each year, in three pairs of consecutive morning 
samples (each pair of samples was separated by 
three weeks), we walked 150 m transects for an 
average of 20 min each and recorded all birds 
seen or heard. Statistical analyses of avian rela- 



696 DAVID S. DOBKIN ET AL. 

tive abundances were based on the maximum ers (S. ruber) accounted for single nests and were 
estimated number of breeding pairs recorded excluded from our analyses. Virtually all sap- 
within each plot during the breeding season. For suckers were Red-naped, but data are included 
each plot, we calculated the maximum number from four pairs in which one member of each 
of breeding pairs for each pair of samples as: pair appeared to be a Red-naped x Red-breasted 
maximum number of individual males plus total hybrid. Hybrids of these two species are known 
number of females in excess of maximum num- from other sites in the region (Johnson and Zink 
ber of males plus one half of the maximum num- 1983, Johnson and Johnson 1985). 
ber of adults of unknown sex. For the breeding We climbed all nest trees and measured cavity 
season as a whole, our estimated number of height above ground, tree diameter at cavity 
breeding pairs per plot for each species was the height (DCH), compass orientation of cavity en- 
highest number obtained by the preceding for- trance, and maximum horizontal and vertical 
mula from among the three pairs of samples. diameters of cavity entrance. We also measured 
This metric was developed (Dobkin et al., un- nest tree DBH, and used a clinometer to estimate 
publ. data) to compensate for the high proportion tree height. Each nest tree was noted as live or 
of unknown-sex detections in monochromatic, dead and characterized as acute, vertical or ob- 
relatively nonvocal species (95% of European tuse depending on tree angle relative to cavity 
Starling, Sturnus vulgaris, detections; 7 1% of Tree entrance (acute if entrance was on the underside 
Swallow, Tachycineta bicolor, detections), rela- of a leaning tree, obtuse if on the upper side, and 
tive to dichromatic or highly vocal species with vertical if the entrance was on a straight bole). 
low proportions of unknown-sex detections (10% We estimated percent canopy cover above the 
of Mountain Bluebird, Sialia currucoides, detec- nest cavity by modifying the formula of Platts et 
tions; 31% of House Wren, Troglodytes aedon, al. (1987) to use three readings recorded with a 
detections). Our estimate is ofpotential breeding spherical densiometer. 
numbers-clearly, not all territorial males suc- We also measured distance from each nest tree 
cessfully attract mates and breed, and not all to woodland edge, with edge defined as the near- 
species are characterized by breeding “pairs.” est treeline adjacent to an open area devoid of 
The configuration of highly linear, narrow wood- woody riparian vegetation, and which extended 
lands surrounded by very open habitat created for at least 100 m from the woodland edge. 
conditions for high detectabihty of birds in these 
habitats. DATA ANALYSIS 

NEST-SITE METRICS 

We recorded nest-site metrics in June and July 
of 1992 and 1993 for active nests of cavity-nest- 
ing birds in the five drainages. Nests were located 
by following adult birds to tree cavities. The pres- 
ence of nestlings or a pattern of frequent adult 
visitation defined active nests. After positive 
identification of an active nest, the tree was 
marked and the bird species, tree species, and 
tree location noted. We collected cavity mea- 

Univariate analysis of variance (ANOVA) was 
used to analyze differences in nest-site metrics 
among species, and multivariate methods were 
employed to compare overall relationships (No- 
rusis 1993). Assumptions of normality and ho- 
moscedasticity were tested with normal proba- 
bility plots and F_- tests, and data were trans- 
formed (log,,; arcsine for percentages) where nec- 
essary. We used nonparametric tests where 
transformations failed to meet parametric as- 
sumptions. All metrics with significant ANOVA 

surements and other vegetation characteristics results were examined further with pair-wise mul- 
after nesting was completed. Reoccupation of a tiple comparisons using Tukey’s-b test (Day and 
nest cavity by the same species in the subsequent Quinn 1989). 
breeding season occurred only twice, once by a We used nonparametric Watson one-sample 
Northern Flicker (Colaptes aura&s) and once by Uz tests for circular distributions (Zar 1984) to 
a European Starling, but each cavity was mea- test for uniform distributions of nest entrance 
sured only once to maintain statistical indepen- orientations for each excavator species. We test- 
dence. ed whether observed nest entrance orientations 

American Kestrels (Falco sparverius), Downy differed from expected for nonexcavators by gen- 
Woodpeckers (Picoidespubescens), Hairy Wood- erating expected values from the 199 1 cavity sur- 
peckers (P. villosus), and Red-breasted Sapsuck- vey. 
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FIGURE 1. Relative availabilities of (A) all live trees and snags with DBH 2 12 cm, and (B) of live trees and 
snags with cavities in riparian and snowpocket aspen woodlands of Hart Mountain National Antelope Refuge 
in southeastern Oregon. 

Significant variables from univariate tests were 
subjected to cluster analysis using average link- 
age distances (UPGMA) between groups to gen- 
erate a dendrogram of species relationships. All 
significant variables were weighted equally using 
squared Euclidean distances, and variables with 
similar means among species were eliminated 
automatically. The resulting procedure utilized 
the five most critical variables (horizontal and 
vertical cavity-entrance diameters, nest cavity 
height, distance from woodland edge, and nest 
cavity-entrance orientation). 

RESULTS 

NEST SITE AVAILABILITY AND 
AVIAN ABUNDANCES 

We found 287 cavities in 170 cavity-bearing trees 
(168 were aspen). Nearly all cavities showed 
characteristics of excavation or substantial mod- 
ification by woodpeckers. DBH ranged from 12 
cm to 60 cm (X f SE = 31.8 -t 0.6) for trees 
with cavities, but trees with DBH I 12 cm ac- 
counted for only 4% of all woody stems in ri- 
parian aspen and 3% of all woody stems in snow- 
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FIGURE 2. Relative use of live and dead trees for nest sites by Red-naped Sapsucker (SASP), Northern Flicker 
(NOFL), Tree Swallow (TRES), House Wren (HOWR), Mountain Bluebird (MOBL), and European Starling 
(EUST) in aspen woodlands of Hart Mountain National Antelope Refuge, Oregon, 1992-1993. Observed versus 
expected use of live trees and snags was tested against availabilities of all trees with DBH 2 12 cm (Fig. 1A) for 
excavator species, and tested against availabilities of all trees with cavities (Fig. 1B) for secondary cavity nesters 
(chi-square-or binomial test, *;P < 0.0 1). 
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pockets. Live trees > 12 cm DBH in ripatian 
woodlands were nearly evenly represented across 
several size classes, in contrast to snowpockets 
where trees and snags >24 cm DBH were rela- 
tively uncommon (Fig. 1A). Snags accounted for 
13% of all trees sampled. Most cavities were in 
live trees (Fig. lB), and visible shelf fungi were 
present on 72% of all live aspen trunks that had 
cavities. 

Cavity-nesting birds disproportionately used 
live trees >30 cm DBH and seldom used live 
trees ~24 cm DBH for nest sites in riparian 
woodlands (x2 = 115.7, df = 3, P < 0.001; Fig. 
1 B). Snags with DBH > 24 cm in riparian wood- 
lands were favored disproportionately for nest 
sites, and snags < 18 cm DBH were avoided al- 
most entirely (x2 = 24.2, df = 3, P -c 0.001). In 
snowpockets, birds preferred live trees >24 cm 
DBH as nest sites, and made little use of live 
trees 12-18 cm DBH (x2 = 23.8, df = 1, P < 
0.00 l), which made up nearly half of all live trees 
2 12 cm DBH in snowpocket stands. Too few 
cavities (n = 7) were found in snowpocket snags 
to evaluate statistically. 

Northern Flickers nested in snags more often 
than expected from snag availability (P < O.Ol), 
but sapsuckers used live and dead trees in pro- 
portion to tree availability (Fig. 2, P = 1 .O). Live 
trees and snags were used in proportion to avail- 
ability by all secondary cavity nesters except Eu- 

ropean Starlings, which nested disproportionate- 
ly in live trees (P < 0.01). 

Relative abundances of excavators and nonex- 
cavators in 1991 correlated significantly with 
number of cavities (Spearman correlation coef- 
ficient, r, = 0.50, P = 0.01, and r, = 0.77, P < 
0.0001, for excavators and nonexcavators, re- 
spectively), and with number of cavity trees per 
plot (rs = 0.47, P = 0.02, and r, = 0.76, P < 
0.0001, for excavators and nonexcavators, re- 
spectively; Fig. 3). 

Estimated relative abundances of the six spe- 
cies occupying portions of the plots in 199 1 to- 
taled 18 1 breeding pairs, indicating the potential 
for very high utilization of available cavity-bear- 
ing trees in the study plots. Although relative 
abundances increased in 1992 and 1993, both 
excavator and nonexcavator relative abundances 
still correlated significantly (all P < 0.005) with 
the 199 1 estimates of cavities and cavity trees 
per plot. Correlations for nonexcavators (rs = 
0.73 to 0.82) were stronger than correlations for 
excavators (rs = 0.50 to 0.59) in all three years. 

NEST-SITE METRICS 

We identified and measured 146 cavity nests (all 
in aspen) during the 1992 and 1993 nesting sea- 
sons. Nests occurred disproportionately between 
riparian and snowpocket plots (x2 = 29.7, df = 
1, P < 0.00 1) with 89% in riparian woodlands. 
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FIGURE 3. Relative abundance of cavity-nesting birds in relation to number of cavities (excavators r, = 0.50, 
P = 0.01; nonexcavators r, = 0.77, P < 0.0001) and number of cavity trees (excavators r, = 0.47, P = 0.02; 
nonexcavators r, = 0.76, P < 0.0001) on 1.5 ha plots in aspen woodlands of Hart Mountain National Antelope 
Refuge, Oregon, in the 199 1 breeding season. 

Entrance diameters of nest cavities exhibited 
a complicated pattern of overlap among species 
(Table 1). The two excavators, sapsuckers and 
flickers, exhibited the most extreme difference in 
mean horizontal and vertical entrance diameters. 
House Wren nests had the greatest range of cav- 
ity entrance diameters (3.3 to 9.4 cm). 

There were no detectable differences among 
species in nest tree DBH, DCH, or percent can- 
opy cover, and few discernable differences in nest 

tree height (Table 1). Nest height contrasted most 
strongly between flickers, which nested relatively 
low, and sapsuckers, Tree Swallows, and star- 
lings, which nested relatively high (Table 1). 
House Wrens exhibited the largest range (11.5 
m) in nest heights. Sapsuckers and Tree Swallows 
nested at greater distances from woodland edge 
than did starlings (Table 1). Starlings and flickers 
exhibited the greatest propensity to nest along 
riparian woodland edge (38% of each species’ 
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FIGURE 4. Cumulative frequency of nest-cavity entrance orientations for Red-naped Sapsucker (SASP), 
Northern Flicker (NOFL), Tree Swallow (TRES), House Wren (HOWR), Mountain Bluebird (MOBL), and 
European Starling (EUST) in aspen woodlands of Hart Mountain National Antelope Refuge, Oregon, 1992- 
1993. 
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FIGURE 5. Distribution of nests on trees with acute, vertical, and obtuse bole angles (relative to nest-cavity 
entrances) for Red-naped Sapsucker (SASP), Northern Flicker (NOPL), Tree Swallow (TRES), House Wren 
(HOWR), Mountain Bluebird (MOBL), and European Starling (EUST) in aspen woodlands of Hart Mountain 
National Antelope Refuge, Oregon, 1992-1993. 

cavities were found not to be oriented toward 
woodland edge (binomial test, P = 0.60). 

For most species, nest-tree bole angles relative 
to nest-cavity entrances were predominantly ver- 
tical (Fig. 5). House Wrens differed from all other 
nonexcavators (x2 = 8.3, P = 0.02) by using most- 
ly trees with acute angles, and proportionately 
more trees with obtuse angles (Fig. 5). Deviation 
of actual nest-tree bole angles from available an- 
gles could not be tested because cavity survey 
data were inadequate for computation of ex- 
pected values. 

Cluster analysis based on variables exhibiting 
significance in univariate analyses produced three 
species-pairs with decreasing degrees of nest site 
similarity (Fig. 6). Sapsuckers and Tree Swallows 
showed both the greatest similarity among spe- 
cies and the greatest separation from the other 
four species. Mountain Bluebirds and House 
Wrens exhibited a relatively high degree of sim- 
ilarity, but clustered much more closely with 
flickers and starlings than with sapsuckers and 
Tree Swallows. 

DISCUSSION 

NESTING HABITAT 

Although they accounted for ~4% of all trees, 
aspen > 10 m in height and > 24 cm DBH clearly 

were favored as nest sites by cavity-nesting birds 
in montane aspen habitats. In spite of the much 
greater area occupied by snowpocket aspen 
woodlands, birds strongly preferred riparian as- 
pen stands as nesting habitats, presumably due 
to the scarcity of large aspen in snowpockets. The 
widespread degradation of aspen and other ri- 
parian woodlands over the past 130 years in many 
parts ofthe Intermountain West (Kauffman 1990, 
U.S. Fish and Wildlife Service 1994) doubtlessly 
has reduced suitable nesting habitat and avail- 
ability of nest sites for cavity-nesting species de- 
pendent upon large aspen trees. 

Recruitment of young trees in these woodlands 
continues to be sporadic or entirely lacking as a 
result of intensive livestock grazing and fire sup- 
pression. This situation is analogous to cotton- 
wood- (Populus spp.) dominated riparian areas 

described by Sedgwick and Knopf (1990) in which 
the absence of tree regeneration within aging 
woodlands leads inexorably to the loss of large 
live trees and snags without replacement, which 
in turn will result in significant declines of cavity- 
nesting species. Structural restoration of these 
woodlands can be achieved through the use of 
fire to rejuvenate decadent aspen stands (Schier 
1975, Jones and DeByle 1985, Bartos et al. 1991), 
although it is unclear how long it will take to 
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FIGURE 6. Cluster analysis dendrogram of nest-site relationships among cavity-nesting species based on nest- 
site characteristics in aspen woodlands of Hart Mountain National Antelope Refuge, Oregon, 1992-1993. 

produce the amount and type of structure fa- 
vored by cavity-nesting birds. The impact of pre- 
scribed fire on cavity-nesting birds remains un- 
clear (Horton and Mannan 1988), however, and 
has not been examined in aspen woodlands. 

Studies in other forest types have emphasized 
the importance of snag densities to cavity-nest- 
ing birds (Mannan et al. 1980, Raphael and White 
1984, Zarnowitz and Manuwal 1985). In addi- 
tion to the importance of snags for flickers, our 
findings underscore the importance of live trees 
with heartwood decay for cavity-nesting birds in 
aspen woodlands. Most cavity-bearing trees on 
Hart Mountain were live trees rather than snags, 
and nearly 75% of these trees supported visible 
shelf fungi. Other studies also note the impor- 
tance of heartwood decay in live trees (especially 
aspen) for excavation of nest and roost cavities 
(Kilham 197 1, Crockett and Hadow 1975, Con- 
ner et al. 1976, Harestad and Keisker 1989, Bull 
et al. 1992, Daily 1993). 

CAVITY ORIENTATION 

There is little agreement among studies of cavity- 
nesting birds concerning the importance of cav- 
ity-entrance orientation. Several studies found 
significant directional orientation for cavity en- 
trances (Lawrence 1967, Inouye 1976, Pinkows- 
ki 1976, Lumsden 1986, Rendell and Robertson 
1994), which has been interpreted as microcli- 
matically beneficial. Other studies failed to find 
significant differences from randomly distributed 
orientations, or viewed differences as incidental 
by-products of tree angle (Conner 1975). There 
is little agreement among studies even for species 
examined repeatedly in the same geographic re- 

gion, such as Gila Woodpeckers (Melanerpes 
uropygialis) nesting in saguaro cacti in Arizona 
(Inouye et al. 198 1, Korol and Hutto 1984, Ker- 
pez and Smith 1990b). 

Nest-entrance orientations in our study were 
predominantly east and secondarily southwest, 
which may have conferred thermal advantages 
for reducing heat loss and enhancing develop- 
ment rates of eggs and nestlings in cool montane 
climates. Although the microclimatic conse- 
quences of differing nest orientations are reason- 
ably well known for non-cavity nests (reviewed 
by Walsberg 1985), microclimates of enclosed 
tree cavities are largely a matter of conjecture. 
Within woodland or forest, canopy cover, time 
of day, and convective environment interact to 
produce microclimates (e.g., Rosenberg et al. 
1983, Dobkin 1985, Stoutjesdijk and Barkman 
1992) that greatly complicate any assumed re- 
lationship based simply on compass orientation 
or aspect. Thorough quantitative studies of the 
microclimatic consequences of cavity orienta- 
tion in natural nest cavities have yet to be con- 
ducted (McComb and Noble 198 1). 

We found that the overall distribution of nest- 
entrance orientations in these linear riparian 
woodlands also was consistent statistically with 
orientation toward woodland edges, which has 
not been considered in other studies. Species in 
our study that foraged outside of riparian wood- 
land were more likely to use cavities oriented 
toward woodland edge compared with species 
that foraged within riparian woodlands. We agree 
with other investigators (Korol and Hutto 1984, 
Rendell and Robertson 1994) that it is unlikely 
for any single factor to account fully for the ori- 
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entation of nest cavity entrances. We view mi- 
croclimatic consequences of compass orienta- 
tion, behavioral or microclimatic considerations 
favoring orientation toward woodland edge, and 
competition for preferred nest sites as likely in- 
teracting to produce the results seen in our study. 
We speculate that in contrast to other species, 
Mountain Bluebirds either preferentially selected 
southern exposures or were relegated to poten- 
tially less favorable nest microclimates by more 
aggressive species (European Starling, House 
Wren). 

INTERSPECIFIC RELATIONSHIPS 

Cavity-nesting birds can be limited in abundance 
by the availability of nest sites and resulting in- 
terspecific and intraspecific competition (Von 
Haartman 1957; Brush 1983; Brawn and Balda 
1988; Kerpez and Smith 1990a, 1990b; Bock et 
al. 1992). Nest sites are not always limiting, how- 
ever, and some studies document an excess of 
apparently suitable nest sites and the apparent 
absence of significant competitive interactions 
among cavity-nesting species (e.g., Waters et al. 
1990). 

At Hart Mountain, the paucity of large aspen 
favored for nest sites and the general absence of 
alternative woodlands in the vicinity of aspen 
groves provided conditions of potential nest-site 
limitation for cavity-nesting species. Although it 
is unlikely that our cavity survey located every 
available cavity on the study plots, we believe 
that our estimate of cavity availabilities was un- 
biased across plots and provided an accurate in- 
dex to total cavity availability. Our estimates of 
avian relative abundances were based on birds 
assumed to be territorial, each of which presum- 
ably defended at least one cavity. Many cavity- 
bearing trees harbored two or more cavities, and 
trees with cavities often-occurred in close enough 
proximity to fall within individual cavity-nester 
territories. Hence, the close congruence between 
our relative abundance data for cavity-nesting 
species and the number of available cavity-bear- 
ing trees found in our cavity survey indicates the 
likelihood that few trees bearing cavities went 
unsequestered. 

Although we have no direct evidence of inter- 
specific competition for nest sites in our system, 
we infer from our data and from other studies 
that the potential for such competition in aspen 
woodlands of Hart Mountain is high, and may 
have been responsible in part for the observed 

distribution of nest sites occupied by Tree Swal- 
lows and Mountain Bluebirds. 

Given the presence of open areas for foraging, 
Tree Swallows exhibit little specificity in nest site 
and habitat characteristics (Munro and Rounds 
1985, Lumsden 1986, Parren 1991), andusenest 
cavities over a broad range of sizes. We found 
that although Tree Swallows used both flicker- 
and sapsucker-excavated cavities, they relied 
heavily on the latter species with more than two- 
thirds of their nests in sapsucker-excavated cav- 
ities. Our results are strikingly similar to other 
studies in which Tree Swallows disproportion- 
ately used nest cavities with the smallest diam- 
eters as a consequence of inferred competition 
with European Starlings (Peterson and Gauthier 
1985, Rendell and Robertson 1989) which ex- 
clusively used flicker-excavated cavities in our 
study. Starlings compete aggressively for nest sites 
and can limit the abundance of native species 
(Short 1979; van Balen et al. 1982; Brush 1983; 
Ingold 1989, 1990; Kerpez and Smith 1990a). 
Gutzwiller and Anderson (1987) found that ri- 
parian areas in Colorado with high edge-to-in- 
terior ratios can be dominated overwhelmingly 
by starlings. In spite of their recent establishment 
in the Great Basin, starlings are now widespread 
throughout the region (Ryser 1985). 

Tree Swallows also appeared to be limited to 
nest sites farther from woodland edges, possibly 
because starlings nested more frequently at grove 
edge sites. The only flicker-excavated cavities oc- 
cupied by Tree Swallows were > 15 m from 
woodland edge, sites that presumably would be 
less attractive to starlings. In aspen parkland, 
starlings preferred nest sites on the edge of dense 
aspen stands (Peterson and Gauthier 1985), and 
other studies found starling nest locations to be 
inversely related to distance from grassy areas 
(e.g., Kerpez and Smith 1990a). Perhaps wood- 
land edge nests decrease commute time and en- 
ergy costs for cavity nesters that forage above or 
in open habitats, which should lead both Euro- 
pean Starlings and Tree Swallows (Rendell and 
Robertson 1990) to prefer woodland edge sites. 

Pinkowski (1976) found that Eastern Blue- 
birds (S. siulis) nested in natural cavities with 
significantly smaller average entrance diameters 
in areas with starlings than in areas without star- 
lings (4.6 cm and 6.9 cm, respectively). In our 
study, Mountain Bluebirds consistently nested 
in flicker-excavated cavities, which resulted in 
significant overlap in size of nest entrances used 
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by bluebirds and starlings. The lack of use of 
sapsucker-excavated holes is surprising given that 
Mountain Bluebirds are smaller in length, wing- 
span, and mass than Red-naped Sapsuckers (Li 
and Martin 199 1, Dobkin, unpubl. data). Cavity 
depth, however, may be a more important se- 
lection criterion for Mountain Bluebirds than en- 
trance diameter (Munro and Rounds 1985, Pe- 
terson and Gauthier 1985), which could result 
in relegation of bluebirds to flicker-excavated 
cavities that were less preferred by starlings. 
Competition between Tree Swallows and blue- 
birds for “starling-free” nest space also may have 
been a factor (Meek and Robertson 1994). 

native snecies from usina their cavities and could 

House Wrens were more abundant in aspen 
stands on Hart Mountain than all other species 
of cavity nesters combined (Dobkin et al., in 
prep.). Numerical dominance of cavity-nesting 
avifaunas in montane riparian woodlands (Finch 
1990, Li and Martin 199 l), broad plasticity in 
nest-site requirements (see also Munro and 
Rounds 1985), and well-known propensity to de- 
stroy both conspecific and allospecific eggs (Belles- 
Isles and Picman 1986, Finch 1990), indicate the 
potential for House Wrens to exert a significant 
negative influence on populations of other cav- 
ity-nesting species in these habitats. Moreover, 
the House Wren’s habit of filling nest cavities 
with sticks (Ehrlich et al. 1988) will deter other 
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