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Abstract. We compared habitat characteristics of nest sites (female-selected sites) and 
song perch sites (male-selected sites) with those of sites unused by Willow Flycatchers 
(Empidonax traillii) at three different scales of vegetation measurement: (1) microplot (cen- 
tral willow [Salix spp.] bush and four adjacent bushes); (2) mesoplot (0.07 ha); and, (3) 
macroplot (flycatcher territory size). Willow Flycatchers exhibited vegetation preferences at 
all three scales. Nest sites were distinguished by high willow density and low variability in 
willow patch size and bush height. Song perch sites were characterized by large central 
shrubs, low central shrub vigor, and high variability in shrub size. Unused sites were char- 
acterized by greater distances between willows and willow patches, less willow coverage, 
and a smaller riparian zone width than either nest or song perch sites. At all scales, nest 
sites were situated farther from unused sites in multivariate habitat space than were song 
perch sites, suggesting (1) a correspondence among scales in their ability to describe Willow 
Flycatcher habitat, and (2) females are more discriminating in habitat selection than males. 
Microhabitat differences between male-selected (song perch) and female-selected (nest) sites 
were evident at the two smaller scales; at the finest scale, the segregation in habitat space 
between male-selected and female-selected sites was greater than that between male-selected 
and unused sites. Differences between song perch and nest sites were not apparent at the 
scale of flycatcher territory size, possibly due to inclusion of (1) both nest and song perch 
sites, (2) defended, but unused habitat, and/or (3) habitat outside of the territory, in larger 
scale analyses. The differences between nest and song perch sites at the finer scales reflect 
their different functions (e.g., nest concealment and microclimatic requirements vs. adver- 
tising and territorial defense, respectively), and suggest that the exclusive use of either nest 
or song perch sites in vegetation analyses can result in misleading, or at least incomplete, 
descriptions of a species’ habitat. Habitat interpretations for Willow Flycatchers (and perhaps 
for many passerines) are a function of the gender-specific behavior of the birds observed 
and the scale of vegetation measurement. 

Kev words: Willow Flvcatcher: Emvidonax traillii; habitat selection; scale: gender dz@r- 
encei; riparian; Colorado: 

INTRODUCTION 

Features of vegetation influence the manner in 
which habitats are occupied by birds (Hilden 
1965). Structural characteristics, spatial disper- 
sion, and floristics all play a role in avian habitat 
selection (e.g., Holmes and Robinson 198 1, Ro- 
tenberry 1985, Wiens et. al. 1987, Knopf et al. 
1990). The characteristic habitat dimensions of 
a species’ niche constitute its niche-gestalt (sen- 
su, James 197 1) and this fundamental configu- 
ration of vegetational structure reflects environ- 
mental suitability in terms of song perches, 
roosting sites, foraging areas, and nesting sites. 

Many recent studies of avian passerine habitat 
selection have examined habitat characteristics 
based on the vegetation surrounding song perch 

1 Received 12 December 199 1. Accepted 11 March 
1992. 

sites of singing males (James 1971; Whitmore 
1975, 1977; Smith 1977; Morrison 1981; Kahl 
et al. 1985; Sedgwick 1987). It has generally been 
accepted that male song perch sites-especially 
those of forest-nesting species- may serve as nn- 
biased and representative locations from which 
to obtain a view of a species habitat (James 197 1, 
Collins 198 1). In open habitats, however, vege- 
tation characteristics at song perch sites may dif- 
fer from those at foraging or nesting sites (James 
197 1). Males often sing from the most conspic- 
uous, prominent sites and these locations may 
give a different view of a species habitat than 
those used for foraging or nesting. Even for some 
forest-nesting species, nest and song perch site 
vegetation structure may differ (Collins 198 1). 
Recent studies of avian habitat selection have 
been based on the use of either nest sites exclu- 
sively (e.g., Holway 199 1, Sakai and Noon 199 1); 
or a combination of activity areas such as singing 
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and nesting (Morrison and Meslow 1983); or 
singing, nesting, and foraging sites (Knopf et al. 
1990), suggesting that there is at least a tacit rec- 
ognition of the potential differences between song 
perch sites and other activity centers. Despite the 
implied differences in habitat attributes at spe- 
cific activity areas (e.g., song perch sites vs. nest 
sites), such differences have been explicitly tested 
only once (Collins 198 1). 

The predominant scale of vegetation mea- 
surement, at least in forested communities, is 
often quite small, incorporating only a small por- 
tion of an individual territory. The 0.04-ha cir- 
cular plot technique is perhaps most frequently 
used, and a modification of this method has been 
recommended as a standard methodology for 
sampling avian habitats (Noon 198 1). With this 
method, various attributes of vegetation struc- 
ture are measured within a 0.04-ha circle around 
a central point (e.g., song perch site or nest site). 
This method is widely accepted, due in part to 
its ease of application and efficiency. Its ecolog- 
ical validity stems from the fact that plot size 
(0.04 ha) is smaller than the average territory 
size for virtually all passerines and thus should 
include vegetation typical of the species in ques- 
tion without including areas outside of the ter- 
ritory. Moreover, the 0.04-ha scale “should in- 
clude an adequate sample of the vegetation” 
(James 197 1:2 15). If the habitat structure within 
the territory is heterogeneous, however, this scale 
of measurement could give a biased view of hab- 
itat selection, whether song perch sites or nest 
sites are used as the central point for vegetation 
sampling. This shortcoming can be overcome by 
sampling at several points within an individual’s 
territory, but this is seldom done (cf. Collins 
1981). 

We examined habitat selection in Willow Fly- 
catchers (Empidonax traillii) with the foregoing 
in mind and asked: (1) What is the effect of the 
choice of site (i.e., nest or song perch) on the final 
description of the niche-gestalt? and (2) How do 
different scales of measurement affect the inter- 
pretation of a species’ habitat characteristics? We 
described habitat selection of Willow Flycatchers 
based on analyses at both nest and song perch 
sites and compared this information to the veg- 
etation structure at sites that were not used by 
Willow Flycatchers for two consecutive years. 
We also examined habitat selection based on three 
scales of measurement-microplot, mesoplot, 
and macroplot. Our objectives, then, were to de- 

scribe and interpret habitat selection attributes 
of Willow Flycatchers based on nest, song perch, 
and unused site information collected at three 
different scales of measurement. 

STUDY AREA 

We studied habitat selection of Willow Flycatch- 
ers at Arapaho National Wildlife Refuge (NWR), 
located approximately 10 km south of Walden 
(Jackson County), north central Colorado. Arap- 
aho NWR lies in an intermountain glacial basin 
where the dominant native vegetation type is 
sagebrush-steppe (Kuchler 1964). Willow Fly- 
catchers occur there in the riparian floodplain 
along the Illinois River. Our study area encom- 
passed an g-km stretch of the floodplain where 
elevations range from 2,485 to 2,516 m. The 
woody community is dominated by coyote (Salk 
exigua), Geyer (S. geyeriana), Wolf (S. wolfii), 
planeleaf (S. planifolia), and Bebb (S. bebbiana) 
willows, and S. monticola, S. caudata, and S. 
pseudocordata (Cannon and Knopf 1984). Woods 
rose (Rosa woods@ and golden current (Ribes 
aureum) are minor components of the woody 
community. Common timothy (Phleum pra- 
tense), bluejoint reedgrass (Calamagrostis can- 
adensis), blue flag (Iris versicolor), and several 
species of sedges (Carex spp.) dominate the her- 
baceous layer. 

METHODS 

We located song perch, nest, and unused sites of 
Willow Flycatchers from early June through late 
July, in 1985 and 1986. We located nests by 
following females to suspected nest bushes and 
by searching individual bushes within territories. 
Based on the number of singing males on our 
study area, we found nests in >80% of the ter- 
ritories in both years. We marked nest sites and 
frequently used song perch sites (one per terri- 
torial male) with plastic flagging, and then iden- 
tified areas unused by flycatchers. Areas along 
the Illinois River and > 100 m from song perch 
sites and nest sites were defined as unused (but 
potentially suitable) habitat. These areas were 
unused in both 1985 and 1986. Unused sites 
were then selected by pacing random distances 
along, and then perpendicular to, the riverbank 
within these areas. We returned after fledging of 
nestlings to measure vegetation structure. Sam- 
ple sizes for the three groups were 32 nest sites, 
26 song perch sites, and 30 unused sites. 

We believe that all song perch sites sampled 
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were selected by males rather than females. We 
base this conclusion on the following: (1) males 
arrive on the breeding grounds and begin singing 
from elevated perches before females arrive, and 
thus, before females can inthtence the selection 
process; (2) whereas females do occasionally sing 
(Seutin 1987, Sedgwick and Knopf 1989) they 
do so infrequently, for short intervals, and only 
early in the breeding season; and, (3) females 
nearly always sing from low perches within a 
bush (unpubl. data) whereas males characteris- 
tically sing from the most elevated perches and 
do so for long periods of time over much of the 
breeding season. We controlled for these char- 
acteristics by selecting perch sites only for birds 
that sang for prolonged periods and from ele- 
vated perches. Likewise, we are confident that 
females, rather than males, selected nest sites. 
Although birds were not marked in this study, 
our studies of a marked population of Willow 
Flycatchers at Malheur NWR, Oregon (unpubl. 
data) suggest that although the male may accom- 
pany the female to and from a proposed nest site 
or to one with a nest already under construction, 
the female appears to actually select the site. Stein 
(1963) also reported that females select the nest 
site in the superspecies (Traill’s Flycatcher). Thus, 
we use the terms song perch site and male-se- 
lected site interchangeably, as we do the terms 
nest site and female-selected site. 

We collected information on habitat attributes 
at three different scales of measurement-micro- 
plot, mesoplot, and macroplot. Vegetation mea- 
surements at the microplot scale followed the 
methodology of Knopf et al. (1988) and included 
measurements at the central bush and the four 
nearest adjacent bushes (Table 1). Central bush 
variables (i.e., the song perch, nest, or unused 
site bush) included height, radius, and volume, 
and an index of shrub decadence and stem den- 
sity (the number of 0.1 -m intervals hit by live 
and dead branches on horizontal intercept lines 
along north-south and east-west directions at half 
bush height). Adjacent bush variables included 
height, radius, and volume of the bush nearest 
the central bush in each of four quadrants delin- 
eated by cardinal directions. Two other micro- 
plot variables were the range in heights of the 
five (1 central + 4 adjacent) site bushes and the 
difference in heights among the central and each 
adjacent bush. Separation variables (measuring 
horizontal dispersion) included mean, maxi- 
mum, and minimum measured distances from 

the outer edge of the central bush to the outer 
edge of the nearest bush in the four quadrants. 
We obtained an index to herbaceous biomass by 
placing a visual obstruction pole (Robe1 et al. 
1970) at a distance midway between the central 
bush and nearest bush in each quadrant and re- 
cording the number of decimeter intervals ob- 
scured by herbaceous vegetation. From these 
measurements we calculated estimates of central 
tendency, maximums, minimums, ranges, and 
heterogeneity (coefficient of variation). 

At the mesoplot scale, we measured vegetation 
within a 0.07-ha circle around nest, song perch, 
and unused site bushes. We extended transect 
lines 15 m along the four cardinal directions from 
the central bush and recorded the distance along 
lines intercepted by willow and non-willow veg- 
etation to the nearest decimeter. From these 
measures we derived estimates of willow cov- 
erage or “patch” size, “gap” coverage (i.e., dis- 
tances along transect lines not intercepted by 
willows), and measures of heterogeneity: (max- 
imum-minimum)/mean (after Rotenberry and 
Wiens 1980), and coefficients of variation of both 
willow and gap distances. 

Macroplot variables were measured at the scale 
of flycatcher territory size. Territory size of Wil- 
low Flycatchers varies both geographically and 
within habitats, ranging from 0.32 to 2.47 ha 
(Stein 1958, Walkinshaw 1966, Eckhardt 1979). 
Based on a small sample of territories, average 
territory size of Willow Flycatchers at Arapaho 
NWR falls near the lower end of this range (Sedg- 
wick and Knopf, tmpubl. data). We used a uni- 
form measure of territory size for macroplot 
analyses and selected the smallest reported size 
(0.32 ha) to minimize sampling outside of ter- 
ritories. We measured attributes of the vegeta- 
tion at this scale from aerial photographs. To 
enable us to identify nest and song perch sites in 
photographs, we placed 1 x 5 m strips ofbutcher 
paper on the ground adjacent to sites just prior 
to photography. We randomly located unused 
sites on photos using the same criteria described 
earlier to locate unused sites on the ground. Color 
infrared aerial photographs of the study area were 
taken prior to leaf drop in September 1986 at a 
scale of 1:3300 (Fig. 1). We measured features 
ofthe habitat within 0.32-ha circular plots drawn 
on the photos and centered on nest, song perch, 
and unused sites. We used the dot grid technique 
to determine coverage of shrub, herbaceous, wa- 
ter, and upland cover types. A dot grid intensity 
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TABLE 1. Definitions of habitat features measured, or calculated from measured variables, at nest, song perch, 
and unused sites of Willow Flycatchers at Arapaho National Wildlife Refuge, Jackson County, Colorado, 1985- 
1986. 

Variable De6nition 

Microplot features 
Central bush 

CHT 
CRAD 
CVOL 

Height (dm) of the central bush. 
Radius (dm) of the central bush. 
Volume (mP) of the central bush (calculated as the volume of a spherical segment 

plus the frustum of a cone). 
PSTEML Percent live stems in central bush (% live hits along 2 intercept lines at % bush 

height). 
STEMDEN 

Adjacent bushes 
ABHT 
CVABHT 
ABRAD 
CVABRAD 
ABVOL 
CVABVOL 
RANGHT 
HTDIF 

Separation 
MEANSEP 
CVSEP 
MAXSEP 
MINSEP 
PLNTDEN 

Herbaceous 
MNHERB 

Stem density of central bush (no. hits/m along 2 intercept lines at 1/2 bush height). 

Height (dm) of adjacent bushes. 
Coefficient of variation (%) of height of adjacent bushes. 
Radius (dm) of adjacent bushes. 
Coefficient of variation (%) of radius of adjacent bushes. 
Mean volume (m3) of adjacent bushes. 
Coefficient of variation (%) of volume of adjacent bushes. 
Range of heights (dm) of the central and 4 adjacent bushes. 
Mean difference (dm) of heights of central and each adjacent bush. 

Mean distance (dm) to the 4 adjacent bushes. 
Coefficient of variation (%) of distance to adjacent bushes. 
Maximum distance (dm) to adjacent bushes. 
Minimum distance (dm) to adjacent bushes. 
Bush density (no./ha). 

Mean index for herbaceous biomass (no. dm increments of 2-cm wide pole ob- 

CVHERB 

Mesoplot features 
Willows 

SUMWILL 

MEANWILL 
RANGWILL 
MAXWILL 
CVWILL 

WILHETIN 

Gaps 
SUMGAP 
MEANGAP 
RANGGAP 
MAXGAP 
CVGAP 

GAPHETIN 

scured by vegetation at a distance of 4 m). 
Coefficient of variation (%) of herbaceous biomass. 

Total willow distance (dm) intercepted along 4, 15-m transects originating at the 
site bush in each of the 4 cardinal directions. 

Mean distance (dm) intercepted by willows along 4, 15-m transects. 
Range of distances (dm) intercepted by willows along 4, 15-m transects. 
Maximum distance (dm) intercepted by willows along 4, 15-m transects. 
Coefficient of variation (%) of distances intercepted by willows along 4, 15-m tran- 

sects. 

Willow heterogeneity index (calculated as [maximum - minimum distance]/mean). 

Total non-willow distance intercepted along 4, 15-m transects. 
Mean non-willow distance (dm) intercepted along 4, 15-m transects. 
Range of non-willow distances (dm) intercepted along 4, 15-m transects. 
Maximum non-willow distance (dm) intercepted along 4, 15-m transects. 
Coefficient of variation (%) of non-willow distances intercepted along 4, 15-m tran- 

sects. 
Gap heterogeneity index (calculated as [maximum - minimum distance]/mean). 

Macroplot features (from aerial photographs) 
PCTWILL Percentage willow coverage/territory (0.32 ha). 
PCTHERB Percentage herbaceous coverage/territory (0.32 ha). 
PCTHOH Percentage water coverage/territory (0.32 ha). 
PCTNOTWIL Percentage non-willow coverage/territory (0.32 ha). 
STREAMWID Stream width (m); mean of 5 measures per territory. 
DISTHOH Distance (m) to open water. 
WIDRIP Riparian zone width (based on an index [l = narrowest, 5 = widest]). 
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FIGURE 1. Aerial photograph of a portion of the study area on the Arapaho NWR, Colorado. The circled 
area, equivalent to 0.32 ha on the ground, is centered on a nest site (linear marker). A perch site (“T”-shaped 
marker) is situated in the lower left portion of the circle. 

of 40 dots/cm2 ensured a 95% probability of be- 
ing within 8% of the true coverage for any given 
type (Avery 1978). We also recorded distance 
from sites to the stream, the width of the riparian 
zone, and average stream width (X of 5 mea- 
surements). 

For the three scales, we measured or calculated 
39 variables to describe habitats selected by Wil- 
low Flycatchers (Table 1). Variables not nor- 
mally distributed were transformed using either 
log(x), log (x + l), or arcsin transformations which 
either corrected or improved heteroscedasticity 
and deviations from normality (Sokal and Rohlf 
198 1). We compared means of continuous vari- 
ables (one-way ANOVA) and used Bonferroni’s 
multiple comparison test to determine specific 
differences among population means. We per- 
formed stepwise, canonical discriminant analy- 
ses (SAS Institute, Inc. 1987) for each scale of 
measurement to separate nest, song perch, and 
unused sites along axes of habitat structure. Vari- 
ables considered in the stepwise procedures were 
those significant (P < 0.05) in univariate AN- 

OVAs. Significance levels for entry and elimi- 
nation of variables in the stepwise procedures 
were set at the default (P = 0.15), with variables 
contributing most or least to the discriminatory 
power of the model (as measured by Wilk’s lamb- 
da) being entered or removed, respectively. Ca- 
nonical discriminant analyses were then used to 
generate scores on canonical variables, plots and 
histograms of scores, and squared distances be- 
tween class means (Mahalanobis distances) in 
discriminant habitat space. All statistical pro- 
cedures were conducted on the Statistical Anal- 
ysis System, Version 6 (SAS Institute, Inc. 1987). 

RESULTS 

MICROPLOT SCALE 

Univariate analysis. Of 20 measured or calcu- 
lated descriptors of habitat at the microplot scale, 
16 differed among the three site types (P < 0.05). 
All central bush variables differed among sites 
(Table 2). Central bushes at song perch sites were 
taller (CHT), of greater radius (CRAD), and of 
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TABLE 3. Summary of three discriminant analyses of micro-, meso-, and macro-variable habitat features at 
nest, song perch, and unused sites of Willow Flycatchers at Arapaho NWR, Colorado, 1985-1986. 

MICRO MFSO MACRO 

DFl DF2 DFI DF2 DFI 

Canonical correlation 
Wilks’ lambda 
Eigenvalue 
Significance (p) 

Micro variables entered 
MNHERB 
MINSEP 
MAXSEP 
CVSEP 
STEMDEN 
HTDIF 
CHT 

Meso variables entered 
SUMGAP 
MAXGAP 

Macro variables entered 
PCTWILL 
WIDRIP 

0.7313 
0.3005 
1.1495 
0.000 1 

0.3143 
0.3240 
0.7611 
0.0265 
0.1956 
0.1044 
0.0308 

0.595 1 0.5687 0.2485 
0.6459 0.6348 0.9382 
0.5483 0.4780 0.0658 
0.000 1 0.0001 0.0203 

Correlation with function 
-0.1662 
-0.338 1 
-0.0723 

0.3676 
-0.2901 

0.5934 
0.7084 

0.7601 
0.4193 
1.3681 
0.0001 

0.9927 0.1209 
0.6533 0.7571 

0.5392 
0.7269 

greater volume (CVOL) than those at either nest 
or unused sites. Central bushes at song perch sites 
also were less vigorous, having a lower percent- 
age of live stems (PSTEML) than those at nest 
or unused sites, and stem density (STEMDEN) 
was less at song perch than at unused sites. 

There were no differences among song perch, 
nest, and unused sites in three measures of bush 
size (ABHT, ABRAD, an ABVOL) for the four 
adjacent bushes around the central bush (Table 
2). Habitat heterogeneity as measured by these 
variables did differ, however. Vegetation struc- 
ture was most homogeneous at nest sites for all 
three variables: the coefficient of variation (CV) 
of bush height (CVABHT) was less at nest than 
at either song perch or unused sites; the CV of 
bush radius (CVABRAD) was less at nest than 
at song perch sites; and the CV of bush volume 
(CVABVOL) was less at nest than at unused sites. 
The mean difference in heights between the cen- 
tral bush and four surrounding bushes (HTDIF) 
was greatest at song perch sites and the range in 
bush heights of all five bushes (RANGHT) was 
less at nest than at either song perch or unused 
sites. 

All five measures of separation between bushes 
differed among the three site types. Mean dis- 
tance (MEANSEP) and maximum distance 
(MAXSEP) between the central bush and four 
adjacent bushes were least at nest and greatest at 

unused sites. The minimum distance between 
bushes (MINSEP) was greater at unused than at 
song perch or nest sites, and the CV of distances 
between bushes (CVSEP) was less at nest than at 
song perch sites. Similarly, shrub density 
(PLNTDEN) was greater at nest than at either 
unused or song perch sites. Herbaceous biomass 
(MNHERB) differed among site types (P = 0.007), 
and was greatest at unused sites (Table 2). Het- 
erogeneity of herbaceous cover (CVHERB) was 
similar among types (P = 0.082). 

Thus, song perch sites were characterized by 
larger, less vigorous central bushes, and nest sites 
by higher bush densities and more uniform-sized, 
evenly spaced bushes. Unused sites had the most 
widely spaced bushes and greater herbaceous 
cover than nest sites. 

Multivariate analysis. Seven of 16 microplot 
variables were selected for inclusion in the ca- 
nonical discriminant analysis (Table 3). Two dis- 
criminant functions (DF) were significant (P < 
0.000 1): DFl was largely a measure of MAXSEP 
(r = 0.76 11) and DF2 was most highly correlated 
with CHT and HTDIF. Nest sites were situated 
to the left along DFl, having low values of 
MAXSEP; unused sites were situated to the right 
along DFl; and, song perch sites were located 
near the top of DF2, being associated with central 
bush height and differences in height between the 
central and adjacent bushes (Fig. 2). Multivariate 
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FIGURE 2. Ordination of discriminant scores of nest, song perch, and unused sites of Willow Flycatchers on 
two axes (DFl and DF21 derived from an analvsis of the microplot habitat data, Arapaho NWR, Colorado, 
1985-198k. Site means are designated by arrows. 

habitat (= Mabalanobis) distances between site 
means were greatest for nest vs. unused sites (M 
= 6.43) and were greater for nest vs. song perch 
(M = 4.28) than for song perch vs. unused sites 
(M= 3.88). Thus, (1) habitat segregation between 
the genders was greater than that between song 
perch sites and unused sites, and (2) females were 
more selective than males in their choice of hab- 
itats since their multivariate habitat mean was 
further from the unused site mean than was that 
of males. All three site types (nest, song perch, 
and unused) were significantly segregated from 
each other in multivariate habitat space (multi- 
variate F tests, 7, 74 df, P < 0.0001). 

MESOPLOT SCALE 

Univariate analysis. All 12 measured or calcu- 
lated habitat descriptors at the mesoplot scale of 
measurement differed among site types (Table 
4). The sum of willow intercept distances (SUM- 
WILL), mean willow intercept distance (MEAN- 
WILL), the range of willow intercept distances 
(RANGWILL), and maximum willow intercept 
distance (MAXWILL) were all significantly less 
(P x 0.05) at unused than at either song perch 
or nest sites. Variability in willow coverage 

(CVWILL) was less at nest than at either song 
perch or unused sites. 

Measures of openings between willows, or 
“gaps” mirrored measures of willow intercept 
distances. The sum of gap distances (SUMGAP), 
mean gap intercept distance (MEANGAP), the 
range of gap distances (RANGGAP), and max- 
imum gap distance (MAXGAP) were all less at 
nest than at either song perch or unused sites. 
The variability in gap distances (CVGAP) was 
less at unused than at either song perch or nest 
sites. 

In summary, song perch and nest sites were 
characterized by greater total willow intercept 
distance, greater average and maximum willow 
patch size, and a greater range of patch sizes than 
unused sites. Nest sites were the most homoge- 
nous for total willow coverage (CVWILL). As 
defined by gap distances, nest sites had less total 
distance, smaller average and maximum dis- 
tances, and less range in gap distances than at 
either song perch or unused sites. Both song perch 
and nest sites were more heterogenous for total 
gap coverage than unused sites. 

Multivariate analysis. Of the 12 mesoplot hab- 
itat features, two were selected by the stepwise 
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TABLE 4. Mesoplot habitat features (x k SE) at nest (N), song perch (P), and unused (U) sites of Willow 
Flycatchers at Arapaho NWR, Colorado, 1985-1986. 

Variable 

Willows 
SUMWILL (dm) 
MEANWILL (dm) 
RANGWILL (dm) 
MAXWILL (dm) 
CVWILL (%) 
WILHETIN (index) 

Nest Song Perch Unused 
(n = 32) (n = 26) (n = 30) 

R SE x SE R SE P 

361.69 20.90 299.23 18.46 208.20 16.24 0.0001 
41.48 3.52 38.90 2.95 26.93 1.51 0.0008 

101.53 5.26 86.04 6.59 62.20 5.02 0.0001 
107.75 5.36 94.04 6.55 67.97 5.16 0.0001 
43.26 4.31 60.85 5.09 76.32 6.87 0.0008 

0.95 0.09 1.30 0.11 1.63 0.14 0.0002 

U<P=N 
U<P=N 
U<P=N 
U<P=N 
N<P=U 
N < U; P = U; 

P=N 

Gaps 
SUMGAP (dm) 
MEANGAP (dm) 

234.38 19.54 301.12 18.34 393.33 16.45 0.0001 N< P < U 
37.70 5.18 50.77 4.67 66.33 5.63 0.0001 N < P < U 

RANGGAP (dmj 79.28 6.35 107.50 6.11 109.33 5.84 0.0007 N < P < U 
MAXGAP (dm) 88.66 6.98 115.96 5.71 124.60 4.88 0.0001 N < P < U 
CVGAP (%) 65.52 6.01 59.06 4.86 36.50 3.16 0.0001 U <P= N 
GAPHETIN (index) 1.44 0.13 1.30 0.11 0.79 0.07 0.0001 U < P = N 

discriminant analysis- SUMGAP and MAX- diate. Mahalanobis distances between nest and 
GAP (Table 3). DFl explained 87.9% ofthe vari- unused site means were greater (M = 2.59; F = 
ability and was highly correlated with both vari- 19.85, df = 2,84, P < 0.0001) than between song 
ables. Unused sites, lying to the right along DFl , perch and unused site means (A4 = 1.27; F = 
were associated with large gaps (Fig. 3). Nest sites 8.71, df = 2, 84, P = 0.0004), and were smallest 
had smaller gaps and were situated to the left between nest and song perch site means (M = 
along DFl, and song perch sites were interme- 0.71;F= 5.03,df=2, 84, P=O.O09).Asatthe 

T 
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FIGURE 3. Ordination of discriminant scores of nest, song perch, and unused sites of Willow Flycatchers on 
two axes (DFl and DF2) derived from an analysis of the mesoplot habitat data, Arapaho NWR, Colorado, 
1985-1986. Site means are designated by arrows. 
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TABLE 5. Macroplot habitat features (X + SE) at nest (N), song perch (P), and unused (U) sites of Willow 
Flycatchers at Arapaho NWR, Colorado, 1985-1986. 

Nest yEP;gh unused 
(n = 32) n (n = 30) 

Variable + SE K SE R SE P Bonferroni 

PCTWILL (%) 49.29 2.34 43.75 2.06 30.84 2.64 0.0001 U < P = N 
PCTHERB (%) 31.41 2.36 41.62 1.94 53.57 2.32 0.0001 U > P = N 
PCTHOH (%) 9.97 1.34 11.13 0.72 13.37 1.07 0.0780 U=P=N 
PCTNOTWIL (%) 50.71 12.39 56.25 2.06 69.16 2.64 0.0001 U > P= N 
STREAMWID (index) 5.31 0.21 5.17 0.24 4.19 0.23 0.2456 U=P=N 
DISTHOH (index 10.71 2.04 5.96 0.99 4.13 0.80 0.0033 N > U; P =N; 

P=U 
WIDRIP (index) 4.16 0.21 3.88 0.27 1.97 0.18 0.0001 U<N=P 

microplot scale, this suggests that females (nest 
sites) were more selective of habitats than males 
(song perch sites). 

MACROPLOT SCALE 

Univariate analysis. Of seven habitat descriptors 
at the macroplot scale of analysis, five differed 
(P < 0.05) among site types (Table 5). Both nest 
and song perch sites had a greater percentage 
cover of willow (PCTWILL) and a smaller per- 
centage cover of non-willow (PCTNOTWIL) than 
did unused sites. Similarly, nest and song perch 
sites had less herbaceous coverage (PCTHERB) 
than unused sites. Width of the riparian zone 
(WIDRIP) was less at unused than at either song 
perch or nest sites and, surprisingly, nest sites 
were located farther from the stream (DIS- 
THOH) than unused sites. This results from un- 
used site locations in narrow riparian zones and 
nest site locations in wider riparian zones. Hence, 
unused sites were generally located closer to the 
stream than were nest sites. Song perch, nest, and 
unused sites were similar for percentage water 
cover (PCTHOH) and width of the stream 
(STREAMWID). At this scale, song perch and 
nest sites were similar to one another for willow, 
non-willow, herbaceous, and water coverage and 
width of the riparian zone; both differed from 
unused sites. 

Multivariate analysis. Two of the five variables 
significant in univariate ANOVAS were selected 
by the stepwise discriminant procedure- 
PCTWILL and WIDRIP (Table 3). One DF was 
significant (P < 0.0001). Nest sites, associated 
with wide riparian zones and high percentage 
willow cover, were situated to the right along 
DFl, unused sites were to the left, and song perch 
sites were intermediate (Fig. 4). As was the case 
for the two smaller scales of analysis, the Ma- 
halanobis distance between nest and unused site 

means (M = 6.76; F = 48.33, df = 2, 80, P -c 
0.000 1) was greater than that between song perch 
and unused site means (M = 4.45; F = 30.62, df 
= 2, 80, P < 0.0001). This suggests that at this 
scale as well, females (nest sites) were more se- 
lective than males in their choice of habitats. The 
Mahalanobis distance was smallest between nest 
and song perch sites and the difference between 
nest and song perch sites and the difference be- 
tween these two groups in multivariate habitat 
space was not significant (M = 0.28; F = 1.89, 
df = 2, 80, P = 0.16). 

DISCUSSION 

FLYCATCHER HABITAT IN COLORADO 

Throughout their range, Willow Flycatchers use 

a variety of open, brushy habitats (Kahl et al. 

1985). They require the presence of small tree 
and/or shrub thickets (Bent 1942, Berger and 
Parmalee 1952, Ring 1955, Stein 1958, Graber 
et al. 1974). Willow Flycatchers occur under both 
xeric and mesic conditions, although they seem 
to reach their highest densities in mesic sites. 
They are commonly associated with willow 
thickets (Grinnell and Miller 1944, Graber et al. 
1974) and the presence of surface water (Bent 
1942, Walkinshaw 1966). They use areas of 
moderate (Whitmore 1977) to abundant (Salt 
1957) ground vegetative cover. In Utah, they 
occurred in areas having high shrub densities 
(Whitmore 1975), and flycatcher occurrence and 
abundance were correlated with shrub volume 
and height classes in Oregon (Taylor 1984). Kahl 
et al. (1985) identified intermediate to tall ground 
vegetation and a low, open canopy as the most 
consistent descriptors of flycatcher habitat. 

In our study, regardless of the scale of mea- 
surement, Willow Flycatchers were consistently 
associated with the abundance, density, and cov- 
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Mahalanobis distances: 

0 Nest 

n Song perch 
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Nest to perch = 0.28 
Nest to unused = 8.76 
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I I 

-2.5 -1.5 -0.5 0.5 1.5 2.5 3.5 

DFI midpoints 
Percent willow coverage, width of riparian b 

FIGURE 4. Frequency distribution of discriminant scores of nest, song perch, and unused sites of Willow 
Flycatchers for the first discriminant function (DFl) derived from an analysis of the macroplot habitat data, 
Arapaho NWR, Colorado, 1985-1986. 

erage of willows. Smaller distances between wil- for song perch sites and by females for nest sites. 
lows and greater willow densities (microplot Collins (198 1) found differences between song 
variables); larger willow patches and smaller gaps perch and nest site vegetation structure for sev- 
(mesoplot variables); and, greater percentage wil- eral (mostly open-area nesting) warbler species, 
low coverage and less non-willow coverage (mac- but only 29% of the nest sites in his sample dif- 
roplot variables) all distinguished nest sites and/ fered from corresponding perch sites. Apparently 
or nest and song perch sites from unused sites. such differences do not occur in all habitats for 
We found no specific association between fly- all species. Whereas Collins cautioned that use 
catchers and stream width, and contrary to our of song perch sites may overestimate the tree 
expectations, we found that nest sites were far- component of the habitat, nest sites and song 
ther from open water than unused sites. We at- perch sites of Willow Flycatchers at Arapaho 
tribute the lack of correspondence between fly- NWR-where there are few trees-differed in 
catchers and water to the “mesic” nature of all other ways. Song perch and nest sites differed in 
sites in our study area and to an analysis at the measures of gap distances and variability in wil- 
“individual” spatial scale (sensu Wiens et al. low patch size (mesoplot variables), and for 12 
1987). Arapaho NWR contains mesic habitats of 20 microplot variables, including those as- 
in a xeric region, and at a regional scale of anal- sessing central bush size and vigor, variability in 
ysis, we would expect a positive correlation be- bush dimensions, and separation and density of 
tween flycatchers and mesic habitats. willows. 

GENDER DIFFERENCES IN HABITAT 
SELECTION 

The vegetation structure at song perch sites of 
Willow Flycatchers is substantially different from 
that at nest sites. We conclude that this dissim- 
ilarity reflects independent selections by males 

Such differences may occur in many other pas- 
serines, as well, since males of most species arrive 
on the breeding grounds before females, select 
habitats and set up territories, and subsequently 
attempt to attract arriving females. Males may, 
in fact, choose territories based in large part on 
song perch site availability and quality and only 
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partially and secondarily on the basis of suitable 
nest sites. Females arrive later and are presum- 
ably responsible for selection of the nest site. 
Natural selection theory suggests that territories 
selected by males should include suitable nest 
site habitat, but there is no a priori reason to 
believe that song perch site microhabitat should 
be similar to nest site microhabitat. The very 
different functions of nest site habitat (nest con- 
cealment, appropriate microenvironment for eggs 
and nestlings) vs. song perch site habitat (expo- 
sure and visibility, and perhaps high foraging 
resource quality as well) suggest different niche- 
gestalts at nest and song perch sites. However, 
in very homogenous, non-patchy environments, 
such differences may not occur. 

be at a premium relative to song perch site hab- 
itat (cf. Anderson and Shugart 1974). 

SCALE PERSPECTIVES ON HABITAT 
DESCRIPTION 

The relevance of differences in vegetation 
structure at nest and song perch sites is under- 
scored if one examines how the interpretations 
of a species’ niche-gestalt would differ had only 
either nest or song perch site microhabitats been 
measured. For example, had we measured only 
song perch and not nest site habitat, the uni- 
variate analyses would not have detected differ- 
ences between bird and unused sites for plant 
density, variability in distances between bushes, 
variability of bush size, and willow patch size 
variability. Had we measured vegetation only at 
nest and not at song perch sites, the univariate 
analyses would not have detected bird/unused 
site differences for central bush size and vigor, 
and HTDIF, CVABRAD, and CVSEP. Thus, 
conclusions from habitat studies based upon nest 
or song perch sites alone are limited within pop- 
ulation or species contexts and should be inter- 
preted as sex specific analyses. 

Significant differences between nest and song 
perch sites occurred only at the two smaller scales 
of measurement. Differences did not occur at the 
larger scale either because the scale was large 
enough to include both nest and song perch hab- 
itat within the area sampled, or because the types 
of variables measured (area1 coverage and long- 
range distances) did not, in fact, differ. Because 
similar measures of vegetation at the two finer 
scales did differ between nest and song perch sites 
(e.g., MEANSEP, MEANGAP), the lack of dif- 
ferences at the largest scale are likely due to scale 
size. 

Given that microhabitat differences between 
sexes occur, and that sites based on behavioral 
attributes (e.g., foraging or roosting sites) may 
have equally distinctive habitat features, authors 
need to acknowledge the limitations of habitat 
descriptions based on only one type of site. Veg- 
etation measurements based on only one sex or 
behavior at a very fine scale may result in a dif- 
ferent interpretation of the niche-gestalt than 
those based on another sex or behavior. Accord- 
ingly, studies describing the general habitat re- 
quirements for a species should use a territory- 
based (large scale) measure of vegetation analysis 
or should sample randomly at several locations 
within each territory. This would assure that each 
of the sexually and behaviorally different micro- 
habitats is included in the analvsis. However. 
habitat differences at a larger scale may be par: 
tially obscured if sizable areas of defended, but 
unused, habitat are included in the analysis (cf. 
Odum and Kuenzler 1955). The presence of song 
perch sites at the periphery of territories might 
also bias a macro-scale analysis since large areas 
of habitat outside of territories could be included 
in the sample. Studies examining differences in 
behavioral or sexual microhabitat attributes 
should analyze vegetation at finer scales of mea- 

Similarly, the multivariate analyses indicate 
differences between song perch and nest sites, 
although the differences become less pronounced 
as the measurement scale increases. At the finest 
scale, differences between sites selected by males 
and females were, in fact, greater than those be- 
tween song perch and unused sites. At all three 
scales of measurement, habitat selection of fe- 
males was more discriminating than that of males. 
This suggests that nest site selection, associated 
with offspring production, may be more closely 
tied to fitness (Martin and Roper 1988) than song 
perch site selection. The greater distances be- 
tween nest and unused sites than between song 
perch and unused sites, further suggests that nest 
site habitat is more distinctive, and in fact may 

surement. 
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