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ABSTRACT, We srudied Wilsons Warbler { Wilania pusills) and Yellow Warbler {Dendroica petechia) habitar
use in alloparric and sympatric populations in the Rocky Mountins of northern Colorado and southeastern Wy-
aming in order o berter understand the different habitar needs and interacrions of these rwo species. Foraging
Wilson's Warblers and Yellow Warhlers used very similar habirar, both selecting larger, more open shrubs. In spite
of similar foraging habirar, comparisons of habirar use by the two species at the sympatric sites yielded no evidence
of foraging habitat partitioning or exclusion. There was evidence of nesting habirar parritioning. Wilson's Warblers
nested on the ground, with some evidence that they used smaller, more densely stemmed shrubs under which o
nest. Yellow Warblers are shrub nesters and selecred larger, more open shrubs in which 1o nest. Resules provide no
evidence thar Yellow Warhlers can be blamed for population declines in Wilson'’s Warblers.

SIMOTSIS.  Habitates reproductivos usados por las poblaciones de la Wilsonda pusilla v Ia Dendroica
Ppeteckia en sitvaciones sympédtricas v alopdtricas

Esrudiamos el habitar de las Wikonia pusills y la Demdroica petechia en las Montafias Rocosas del nore de
Colorado y sudeste de Wyoming con el fin de entender las diferentes necesidades en su habitar y interacciones de
estos dos especies. La Wilionia pusills y la Dendroica petechria usaron habitatrs muy similares para alimenrarse,
seleccionando arbustos mas grandes y mas abicrros. A pesar de sus selecciones similares de habirars para alimentarse,
las comparaciones sobre el uso de habirars por las dos especies en los sitos sympdrricos no da evidencia de parricidn
o exclusién de los habitats para su alimentacién. 5i hube evidencia de particion del habitat para anidar, La Wilienia
pusilla anidaba en el suelo, con evidencias de que usaban arbustos mas pequefios y densos debajo de los cuales
hacian el nido. La Dendroica petechia anidaba en los arbustos y seleccionaba arbustos mas grandes y mas abiersos
en los que anidar, Las resultas no proveen evidencia que la Dendrodea petechia puede estar culpado para el decline
de la poblacidn de la Wilienta prsiila.

Key word:  Colorado, Dendroica petechia, habitar use, montane willow habitat, resource partitioning, Wilsnia
pusifla, Wyoming

In the Rocky Mounrains, Wilson's Warblers  health of the ecosystem and an interest in caus-

(Wikania pusilla) and Yellow Warblers (Den-
droica petechia) are among the most common
species in the riparian bird communicy (Knopf
1985; Krueger 1985). In Colorade, Yellow
Warblers breed in deciduous habirars across the
state, while Wilson's Warblers breed primarily
in montane riparian areas (Andrews and Right-
er 1992; Kingery 1998). Over relatively small
areas and changes in elevation onc can find ri-
parian sites where breeding Yellow Warblers and
Wilson's Warblers are symparric (Knopf 1985).

As two of the most common species in mon-
tane riparian communities, cvidence of their
population declines raises concern abour the
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ative factors. Based on the Breeding Bird Survey
{Sauer er al. 2000), Wilsons Warbler popula-
tions show a significant survey-wide decline
(2% per year) from 1980-1999, while Yellow
Warblers show a 5i.giﬁﬁ::a.nt increase (<<1% per
year). Due to declining populations, the Wil-
son’s Warbler is identified as a priority high-
elevation riparian species for the Southern
Rocky Mountain physiographic area, while Yel-
low Warbler is listed as an “associated species,”
indicating that it may respond in similar ways
to changes in these habitars (Colorado Pareners
in Flight 2000).

Declines in Wilsons Warbler populations,
which contrast with population increases in Yel-
low Warblers, suggest the possibility that the
two species may have different habitat needs or
may use resources differently where popularions
are sympatric. A better understanding of differ-
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ences and similarides in habitat use may hclp
explain dlﬁermg pﬂpulatmn trends and assist
resource agencics in managing ripatian habitars.
We have taken advantage of the occurrence of
sitcs where the two specics are either sympatric
or allopatric to address these issues. Our study
focuses on microhabitat characreristics within
one type of relatively homogeneous habitat
(monrane willow riparian habitar), Because we
have sampled only one allopatric site for each
species and only two sympatric sites, the scope
of inference for our smdy is limited o these
sites,

The objectives of this study were to charac-
terize and compare the habirar use and rerritory
selection of these two species in montane ti-
parian habirats where they are alloparric and
sympatric and determine whether they partition
the habirtar at sites where they are symparric.

METHODS

Study areas, We studied warblers in mon-
tane riparian sites in the Rocky Mounrains of
northern Colorado and southeastern Wyoming,
We used previous dara where available, or pre-
liminary visits where no informarion existed, o
document the status of breeding sites (i.e., as
alloparric or sympatric) for each species. Here-
after, for simplicity, these sites will be referred
to as W (for alloparric Wilson's Warbler), S (for
sympatric), and Y {for allopatric Yellow War-
bler} sites, The W site was located in Pingree
Park on Colorade State University land sur-
tounded by the Roosevelt National Forest in
Larimer County, Colorado. This site is along
the Sourh Fark of the Cache La Poudre River
(elevation 2750 m). From 1981-1982, and
again from 1987-1991, only breeding Wilson's
Warblers were recorded ar this site (Knopf
1985; K. Bereson, pers. comm.). Two 5 sites
were sampled: the Colorado State Forest just
north of Gould, Colorado, along the North
Fork of the Michigan River (elevation 2616 m)
inn Jackson County; and the Medicine Bow Na-
tional Forest near Mounmin Home, Wyoming
along Pelton Creek (elevation 2480-2550 m).
During preliminary reconnaissance visits by one
of us in 1996, both Wilson's and Yellow War-
blers were observed during the breeding season
at the Michigan River site. From 1982-1984,
both Wilsons and Yellow “Warblers were found
breeding at the Pelton Creek site (Krueger
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1985). For the Y site, we used the substantial
data of Knopf and Sedgwick (1992). These data
were collected from breeding scasons during
1981-1984 on the Illinois River (elevation
2504 m) ar Arapaho Nadional Wildlife Refuge
{(NWR) in Jackson County, Colorado. A MAPS
{(Monitoring Avian Productivity and Survivor-
ship) station was located ar the Arapaho NWR,
and from 1995-2000 a rotal of 392 Yellow
Watblers were banded (range of 73-123 per
year). By comparison, a total of 18 Wilson's
Warblers were banded (range of 1-6 per year).
Of the Wilson’s Warblers banded, 50% were
immarture, and all but two were caprured after
15 July (B Bilbeisi, pers. comm.), a date by
which young have fledged and mose have de-
parted from breeding sites in the mountains
(JMR, unpubl. data; R. Bereson, pers. comm.).

Ar all sites, willow shrubs were the primary
woody vegetation. The Y site was a habirar mo-
saic with coverage of 18% woody species. 13%
warter, and 69% native grasses and forbs.
Woody species included covote willow (Safix
exigua), Geyer willow (5. geyeriana), Wolf wil-
low (5 wwolfid), planeleal willow (5 planifolia),
Bebb willow (5. bebliana), 5. montcola, 5 can-
darz, and 8. psendocordata (Knopf et al. 1988).
The 5 site in Wyoming was dominared by Ge-
ver willow, along with Wolf willow and 8. faae-
Aif and was interspersed with meadows of sedg-
es [ Carex spp.), recdgrass ( Calamagrostis spp.).
and hairgrass { Deschampsia caespitoss; Raley and
Anderson 1990). The W site was also domi-
nated by willow species (3afix spp.), with other
common woody species being bog birch (Bersela
nand) and shrubby cinquetoil (Porenslla frue-
cesa), Dominant herbs included beaked sedge
{Carex wtriculatal, wire rush (functs balticns),
Kentucky bluegrass {(Poa pratensis), slender
wheal:gra_qq (Agrapyron eristattan), and Porentilla
spp- (W. Leininger, pers. comm.). The vegera-
tion at the 5 site in Colorado was similar o
that at the other sites and was at least superfi-
cially more similar o the 5 site in Wyoming
than to the Y or W site,

Field protocols. “We used a “bird-cen-
tered” perspective to define habitar use (Wiens
1985). In order to define the range of habitats
used, both foraging and nest sites were sampled.
Searches for foraging birds were conducted
from sunrise undl approximarely 10:00. We
identified foraging-centered shrubs (hereafter
simply foraging) by following warblers uneil the
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initiation of the fArst new fo:agjng bour, ar
which time that shrub was marked for later
measurement. MNest-centered shrubs (hereafter
simply nests) were identified as the shrubs in
which, or under which, nests were found;
marks were placed near shrubs to identify them
for later measurement. Substantial effort was
made to avoid collecting multiple observarions
from the same individual so as to ensure inde-
pendence. For example, the observer flagged
shrubs where foraging males had been ob-
served, and subsequenty sampled those terri-
tories only for foraging females or nests, The
goal was to collect data from 30 foraging males,
30 foraging females, and 30 nests for each spe-
cies. The foraging or nest shrub was considered
the “focal shrub” for veperation measurements
and analysis. To define available habitar at cach
site, “random shrubs” were sampled throughour
each study site (N = 30 for che W site and N
= 59 for the owo S sites). At the S and W sites,
these random shrubs were located by pacing
random distances and directions and selecting
the closest shrub. Ar the Y site, random shrubs
(N = 292) were located ar 100-m intervals
along and random distances perpendicular to
the stream bank (Knopf and Sedgwick 1992},

The W site was sampled from 11 June-17
July 1996, the two 5 sites were sampled from
10 June—24 July 1997, and the Y site was sam-
pled in the summers of 1981-1984 (Knopf and
Sedgwick 1992). Horizontal and vertical vege-
tation structure was quantified using previously
developed protocols (Knopf and Sedgwick
1992). For each focal and random shoub, we
measured shrub heighe, maximum radius, and
height of maximum radius measurement, We
recorded the number of hits by live and dead
stems along the north-south and cast-west axes
through this shrub ar the height of maximum
radius. The distance from the outer edge of the
focal or random shrub to the nearest shrub was
measured in each quadrant described by the
cardinal directions, as well as the heighr, max-
imum radius, and height of radius of thar near
est shrub.

Statistical analyses. Darta for foraging in-
dividuals were pooled across sexes in order w
focus on interspecific habitat use comparisons.
There is evidence of sexual differences in for-
aging locarion for some warbler species (Morse
1968; Busby and Sealy 1979; Franzreb 1983;
Perit et al. 1990). This could produce biased
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estimates if males and females differ in cheir
behavior (Hutto 1981; Hanowski and Niemi
1990}, However, as Hutto (1981) points our in
justifying pooling across sexcs for foraging ob-
scrvations, when working in willow habitats
with a canopy substantially lower than the hab-
itats in which sexual differences were docu-
mented, the magnitude of intersexual differenc-
es is unlikely to be greater than thar of incer-
specific differences in foraging heights.

In 1996, at the W site, observations were
recorded for 30 foraging male Wilson's War-
blers, 30 foraging females, and 32 nests, In
1997, two locations were necessary to obrain
adequare sample sizes for 5 sites, and these data
were pooled for analysis. Observations were re-
corded for 33 foraging male Wilson's Warblers,
27 foraging females, and 9 nests, and for 26
foraging male Yellow Warblers, 25 foraging fe-
males, and 19 nests. The existing dara set ar the
Y site contained observations for 62 foraging
male Yellow Warblers, 36 foraging females, and
538 nests.

A correlation analysis of the 23 variables
measured at cach random or focal shrub led o
the retention of twelve vegetation structure var-
iables for analysis (Table 1), Vegetation data for
random, foraging, and nest shrubs were ana-
lyzed following the principal components anal-
ysis (PCA) procedure described by Rotenberry
and Wiens (1981, 1998). Firsr, to characrerize
available wvegeration habitar and to create a
framework for scoring all raw dara, dawa for
random shrubs from all sites were pooled o
form a daca ser (& = 381) subjecred o a PCA
(Pielou 1977, 1984). Principal components
with eigenvalues >1.0 were rerained for furcher
analysis (Guttman 1954), and were rescaled
and transformed to vield a varimax rorared fac-
tor pattern martrix (Manly 1986). This matrix
was used to interpret and label the facrors re-
tained for analysis. It was also used to score the
raw vegeration dara for random, foraging, and
nest shrubs so as to create a new dara ser con-
sisting of the factor scores for each shrub (Man-
ly 1986). The scored data we present are a pro-
jection of the raw dara into a smaller dimen-
sional factor space and, for purposes of staris-
tical analysis, were treated as if they were
obtained by direct measurement on the sample
LINILE.

A one-way ANOVA, followed by the SNK
multiple comparison procedure (o = 0.05), was
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Vegeration variables measured ar random shrubs, as used in the principal components facror anal-

ysis, and varimax-rotated factor loadings for principal components (with eigenvalues =1.0). Coefficients with
an ahsolure value =0.5 (denoted by *) represent factor loadings used ro interprec and apply labels to facrors.
Facror labels: Facror I = Random shrub size/density; Factor I = Size of surrounding shrubs; Factor II1 =
Random shrub vigor,

Vegetation
Wariables Dlescription Facror I  Factor IT  Facror 111
HT1 Height of random shrub {dm) 0.89* 0,29 0.12
DIAMI Diameter of random shrub (dm) 85" .38 (0,00
SHRBVOL1 Volume! of random shrub (dm®) 078" .39 (3,00
PLIVE Percent live stems in random shrub (%) — (0,00 —0.01 0.96*
DEMSLIVE MNumber of live stems in random shrub — 0,48 —-0.21 077
DENSDEAD Mumber of dead srems in random surub —(142 —0,16 —0,76*
DEMNSSTEM Mean stem density in random shrub (hits/dm) —(.72* —0.30 0,21
MHT4 Mean h.:ight of 4 surrounding shrubs (dm) (1,30 .88* 0.11
MDIAMA Mean diameter of 4 surrounding shrubs (dm) 0.25 0.92* 0,05
MVOL4 Mean volume of 4 surrounding shrubs' (dm®) .24 0.90* .05
MDHT Mean difference in height berween random (h.84* —(142 0.05
shrub and 4 surrounding shrubs (dm)
MSEP Mean distance berween random shrub and 4 .01 0,38 012
surrounding shrubs (dm)
% Toral variance 44 18 16
Cumularive variance 44 (2 78

" 'Wolume is calculared as volume of a spherical segment plus the frustum of a cone,

used to idenrify site differences in available hab-
itat {i.e., random shrubs). Two-tailed #rests for
independent samples (o = 0.05) were used to
test for differences in the means between twa
classes of observations (c.g., foraging vs. ran-
dom shrubs). In cases where variances were not
homogeneous, the Satterthwaire (1946) approx-
imation of the degrecs of freedom for the ap-
proximate ¢ statistic was used. All analyses were
carried out using 5AS (SAS Instture, Inc

1989).

RESULTS

Habitat characterization. Principal com-
ponents analysis of the vegetation data from
random shrubs, pooled across all sites, led w
the retention of three components explaining a
total of 78% of the variance (Table 1). High
positive or negative loadings indicatc important
variables for that component. Facror [ can be
interpreted as a “size-stem density” variable for
the random or focal shrub, Low values for Fac-
tor [ indicate a small, densely stemmed shrub
and high values a large, open shrub. Facror 11
is a “size” variable for the shrubs surrounding
the random or fucal shrub, where low and high
values indicate small and large shrubs respec-

tively, Factor 11 is interpreed as a “vigor” var-
iable for the random or focal shrub, where low
and high wvalues indicate low and high vigor
respectively.

Site vegetation comparisons, ANOWAs
testing for site differences in available habicac
were significant for all factors (Factor It F, .o =
7.0, F <= 0.01; Factor 1I: £, = 36.0, P <
0.001; Factor IIT: F,,,, = 3.3, P < 0.04). The
SMNEK test indicares that random shrub size (Fac-
tor I} at the Y sitc was grearer than ar the §
and W sites (Fig. 1}, with the same pattern seen
for surrounding shrub size (Factor II). Al-
though random shrub vigor (Factor III) varied
by site, and it appears that it was greater ar the
5 sites than ar the Y and W sites (Fig. 1), the
mean values could not be scparated using the
SNK procedure, Because of possible confound-
ing effects of annual and between-site differ-
ences, we will focus our discussions on within-
site habirat use comparisons. Table 2 provides
means (+5D) for the raw data from seleceed
variables used in the PCA to give a general idea
of the acrual vegeration measurements at ran-
dom, foraging and nest shrubs.

Bird-habitat associations. At the Y site,
tests for differences between random shrubs (N
= 292) and Yellow Warbler foraging shrubs (N
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Means (£ SI¥ of raw daca for selected variables used in PCA analyses to characrerize available

habitat {random measurements) and habirar used by foraging and nesting warblers.

Yellow Warbler

Wilson's Warhler

Random

Sire Variahle shruhbs Faraging Mest Foraging Mest

Y Sire HT1 (m} 27 (=13 406 1.2) 34 (£ 1.1) - —
DIAMI {m} 3.6 (£ 2.3 51 (£ 1.6) 43 (*+ 1.4) e —
PLIVE (%) 61 (£29) 65 (21} 70 (*15) £ -
MDHT (m) 02(+1.1) 13(+12) 0.6 (* 09 - o

5 Sires HT1 {m} 20(%x07) 26 (£ 06) 26 (£ 03) 2.5 (£ 0.53) 1.8 (£ 0.7}
DIAMI (m) 21{(x1.0) 29(x09) 31(£0.8 30(=L00 15z 06
PLIVE(%) 69 (=15 68 (12 70 (£12) 69 (£12) 82 (= 16)
MDHT (m) 01(*06 05(x07 06(x05 07(x06) 0.l (* 0.6

W Site  HTI (m) 23 (+ 1.0) sty i 28 (06  12(* 1.0)
DIAMI (m) 2.1 (* 1.2) 5 £ 27(+1.0) 10(* 09
PLIVE (%) 60 (£ 14) — — 56 [+ 14) 6l (x 23)
MDHT (m) 0.5 (+ 1.0) s == 1.0{*07) —0.3 (+0.7)

= 98} were significant for all chree factors (Fac-  Factor II: 7, = —2.8, P < 0.01), indicating

tor I £, = 9.0, P < 0.001; Factor II; &, =
=3.0, P =< 0.01; Facror III: ¢, = 2.0, P =<
0.05). This indicates thar foraging Yellow War-
blers used larger, more open and vigorous
shrubs surrounded by smaller shrubs (Fig. 1).
Tests for differences berween nest (I = 58} and
random shrubs were significant for two factors
(Factor I} 7, = 2.9, P < 0.01; Facror III: r,
= 4.2, < 0.001), indicaring thar nesting Yel-
low Warblers also used larger, more open and
vigorous shrubs (Fig, 1),

Ar the S sires, rests for differences between
random shrubs (& = 59) and both Yellow War-
bler foraging (N = 51} and nest shrubs (N =
19) were significant for Factor 1 (foraging: £,
= 4.4, P=<0.001; nests: £, = 4.3, P < 0.001),
indicating that both foraging and nesting Yel-
low Warblers used larger, more open shrubs
(Fig. 1).

Ar the YW site, the test for differences be-
tween random shrubs (V = 30) and Wilson's
Warbler foraging shrubs (N = 60) was signifi-
cant for Factor I (£, = 2.8, P < 0.01), indi-
cating that foraging Wilsons Warblers used
larger, more open shrubs (Fig. 1). The test for
differences between random shrubs and nest
shrubs (V = 32) was significant for Factor I (g,
= —3.5, P < 0.001), indicating that nesting
Wilson's Warblers used smaller, more densely
sternmed shrubs (Fig. 1).

Ar the S sites, tests for differences berween
random shrubs (W = 59) and Wilsons Warbler
foraging shrubs (N = 60) were significant for
two factors (Factor [: &, = 5.6, P < 0.001;

that foraging Wilson's Warblers used larger,
more open shrubs surrounded by smaller
shrubs. Tests found no significant differences
berween random and Wilsons Warbler nest
shrubs (& = 9],

Interspecific bird-habitat comparisons,
Ar the S sites, resules of tests for differences in
both foraging and nest shrubs berween the rwo
species indicate that foraging Yellow Warblers
used sites with larger surrounding shrubs (Fac-
tor II) than foraging Wilson's Warblers (4, =
2.6, P < 0.01). There was no evidence of dif-
ferences in the size and density (Factor 1) or
vigor (Facror I11) of foraging shrubs used by the
two species. Comparisons indicate that nesting
Wilsons Warblers used smaller, more densely
stemmed (Factor I: &, = 3.7, P < 0.01) and
mare vigorous (Factor 1I1: ¢, = 2.1, P = 0.04)
shrubs than nesting Yellow Warblers.

DISCUSSION

The results presented here allow us to reject
the hypothesis that Yellow Warblers situare ter-
ritorics randomly within willow habirars. Yellow
Warblers clearly use larger, more open shrubs
in which to forage and nest, a parrern demon-
strated at both the Y and S sires.

For Wilson’s Warblers we also rejected the
hypothesis thac territory site selection is ran-
dom. In a partern quite similar o Yellow War-
blers, Wilson’s Warblers use larger, more open
shrubs in which to forage at both the W and §
sires. Becanse insectivorous birds are often re-
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sponsive to insect abundance and density, our
observations on foraging shrub selection in
both species arc consistent with a strategy of
selecting foraging substrates that support larger
prey popularions (Cody 1981: Hutro 1985; Ro-
tenberry and Wicns 1998}, or a strategy of se-
lecting sites that provide higher perches and
more open structure for viewing approaching
predators (Pulliam and Mills 1977; Mardn
1992; Rotenberry and Wiens 1998).

Differences in food habits, foraging scrate-
gies, or microhabitat selection are potenrial
means of partitioning limiting resources (Mac-
Archur 1958; Cﬂ:ld}-' 1978). However, for chis
resource (larger, more open shrubs for foraging)
there was neither cvidence of resource parti-
tioning (i.e., no evidence of significancly differ-
cne foraging shrub sizes for the two species
where they are sympatric), nor exclusion (i.e.,
no clear evidence thar either specics changed its
habitat use at the sympatric sites). We conclude
that foraging Wilson's and Yellow Warblers use
habitar in a very similar way, but do not appear
to partition these resources as defined in our
study. This is consistent with other studies
comparing foraging behavior in these two spe-
cies (Whitmore 1977; Eckhardr 1979 Hutto
1981}, although foraging heights within shrubs
seem to differ {(Hutto 1981).

When resources are limiting, competition,
habitat partitioning, or displacement may oc-
cur. However, when resources arc plenciful,
these factors may be reduced or absent, and dif-
ferences berween coexisting species may not be
obvious (Wiens 1977; Frakes and Johnson
1982). Insect resources and foraging substrares
may be available in such grear quantities in
these willow habitats thar Wilson's and Yellow
Warblers do not partition the habitar for access
o resources, It is also possible that these rwo
species are partitioning food resources in a dif-
ferent way, perhaps through use of different
prey types or sizes (Eckhardr 1979; Raley and
Anderson 1990) or through different locations
within shrubs (Hurto 1981},

Wilsons Warbler nesting straregy is distinet
from that of Yellow Warblers, mast obwiously
in the Wilson's Warbler’s placement of nests on
the ground rather than in shrubs. Wilson's War-
blers clearly nested under smaller, more densely
stemmed shrubs (Factor [) ar the W site. This
finding is consistent with previous research con-
ducted at this site (R. Bereson, pers. comm.).
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Although there is no similar staristical evidence
for the same nesting preference ar the S site
when comparing nests with available habirar,
we did observe thar Wilson's Warblers used
smaller, more densely stemmed shrubs for nest-
ing when compared with Yellow Warbler nests.

In light of our results, montane riparian re-
source managers should carefully consider any
management practices, such as grazing, thar
might have negative impacts on shrub size, den-
sity, and vigor (Knopf and Cannon 1982). Al-
though we found no cvidence of interspecific
habitat partitioning or exclusion, additional
studies and analyses would be helpful in deter-
mining whether habirat is partitioned in other
ways {e.g. interspecific territorialicy, dier, or
foraging height) and exploring whether the
pooling of foraging observations across sexes is
indeed warranted. At a larger scale (a broader
continuum of habitat types) than the focus of
our study, there is evidence of differences in
habitar preferences between these two species
related to gradients in clevation, moisture, veg-
etation height, and composition (Hurto 1981;
Finch 198%). This may help explain the exis-
tence of sympatric populations, particularly if
out sympatric sites represent “intermediare”
sites along these gradients. Our results provide
no evidence thar Yellow Warblers can be
blamed for the negative trends in Wilson's War-
bler populations. This supports the strategy of
managing high elevation riparian habirats for
priority species like Wilson's Warklers, with the
assumption thar this will also benefit associated
species like Yellow Warblers (Colorade Parcners
in Flight 2000).
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