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GRASSLAND SONGBIRD OCCURRENCE IN NATIVE AND
CRESTED WHEATGRASS PASTURES OF SOUTHERN
SASKATCHEWAN

STEPHEN K. DAVIS AND DAVID C. DUNCAN

Abstract. We examined grassland songbird occurrence in native pasture and in seeded pastures com-
prising pure crested wheatgrass (Agropyron cristatum), crested wheatgrass/grass mix, and crested
wheatgrass/legume mix in southern Saskatchewan, Canada, to determine (1) if grassland songbirds are
equally attracted to native and crested wheatgrass pastures; (2) if grassland songbirds are equally
attracted to different types of crested wheatgrass pastures; and (3) what habitat variables are important
in predicting the occurrence of grassland songbirds. Bird occurrence was quantified using 100-meter
fixed-radius point counts. Sprague’s Pipit (Anthus spragueii), Chestnut-collared Longspur (Calcarius
ornatus), and Clay-colored Sparrow (Spizella pallida) occurred more frequently in native pasture than
in any of the crested wheatgrass pastures. Baird’s Sparrow (Ammodramus bairdii), Savannah Sparrow
(Passerculus sandwichensis), Vesper Sparrow (Pooecetes gramineus), Horned Lark (Eremophila al-
pestris), and Western Meadowlark (Sturnella neglecta) were recorded as frequently in each of the
crested wheatgrass pasture types as in native pasture. Grasshopper Sparrow (Ammodramus savanna-
rum) was the only species detected more often in one or more of the crested wheatgrass pasture types
than in native pasture. Among the various types of crested wheatgrass pasture examined, Sprague’s
Pipit and Grasshopper Sparrow were recorded more often in pure crested wheatgrass than in crested
wheatgrass/legume-mix pastures. Habitat variables associated with songbird occurrence differed among
species and generally supported findings in other studies. Our results show that vegetative structure is
more important than plant-species composition in grassland bird habitat selection, as crested wheat-
grass pastures were as attractive as native pastures to many of the species studied. Because previous
studies have shown that most grassland songbirds rarely inhabit cropland, the conversion of cropland
to pure crested wheatgrass pastures in southern Saskatchewan would likely benefit this avian com-
munity.

LA INCIDENCIA DE AVES PASERIFORMES DE PASTIZAL EN LOS PASTOS
NATIVOS Y EN LOS PASTOS DE AGROPYRON CRISTATUM DEL SUR DE
SASKATCHEWAN

Sinopsis. Examinamos la incidencia de aves paseriformes de pastizal en pasto nativo y en pastos
sembrados que comprenden Agropyron cristatum puro, una mezcla de Agropyron cristatum y hierba,
y una mezcla de Agropyron cristatum y legumbres en el sur de Saskatchewan, Canad4, para determinar
(1) si los pastos nativos y los pastos de Agropyron cristatum atraen en igual medida a las aves
paseriformes de pastizal; (2) si los diferentes tipos de pastos de Agropyron cristatum atraen en igual
medida a las aves paseriformes de pastizal; y (3) cudles son las variables importantes de habitat para
predecir la incidencia de aves paseriformes de pastizal. Se cuantificé la incidencia de aves aplicando
conteos desde un punto y por un radio fijo de 100 metros. La Bisbita de Sprague (Anthus spragueii),
el Escribano Cuellicastafio (Calcarius ornatus) y el Gorrién Pélido (Spizella pallida) se encontraron
maés frecuentemente en el pasto nativo que en ninguno de los pastos de Agropyron cristatum. El
Gorrién de Baird (Ammodramus bairdii), el Gorrién Sabanero (Passerculus sandwichensis), el Gorrién
Coliblanco (Pooecetes gramineus), la Alondra Cornuda (Eremophila alpestris) y el Pradero Occidental
(Sturnella neglecta) se registraron en cada uno de los tipos de pasto de Agropyron cristatum con la
misma frecuencia que en los pastos nativos. El Gorrién Chapulin (Ammodramus savannarum) fue la
unica especie detectada con mds frecuencia en uno o mds de los tipos de pasto de Agropyron cristatum
que en pasto nativo. Entre los distintos tipos de pasto de Agropyron cristatum que examinamos, se
registraron la Bisbita de Sprague y el Gorrién Chapulin con mds frecuencia en Agropyron cristatum
puro que en pastos de una mezcla de Agropyron cristatum y legumbres. Las variables de hibitat
asociadas con la incidencia de aves paseriformes difirieron entre especies y generalmente ratificaron
las conclusiones de otros estudios. Nuestros resultados revelan que la estructura vegetativa es mds
importante que la composicién de plantas y especies en la seleccién de hébitat de las aves de pastizal,
ya que los pastos de Agropyron cristatum fueron tan atrayentes como los pastos nativos para muchas
de las especies estudiadas. Dado que estudios anteriores han comprobado que la mayoria de las aves
paseriformes de pastizal habita raramente en terreno cultivado, la conversién de terreno cultivado a
pastos de Agropyron cristatum puro en el sur de Saskatchewan probablemente beneficiaria a esta
comunidad de aves.
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The loss and degradation of native prairie in
North America have been cited as primary fac-
tors in the decline of many grassland songbird
species (Peterjohn and Sauer 1993, Herkert
1994, Knopf 1994). In Saskatchewan only 23%
of the original 16.3 million ha of native grass-
land remains (Samson and Knopf 1994). Recent
changes to Canadian agricultural policies have
eliminated the major subsidies that previously
encouraged the conversion of native prairie to
cropland (Reimer 1994). As a result of these
changes, agricultural economists predict that up
to 4 million ha of cropland in prairie Canada
may be converted to permanent forages (i.e.,
seeded grassland or hayland). A large proportion
of the land is expected to be seeded to crested
wheatgrass (Agropyron cristatum) because it is
inexpensive, easy to establish, and hardy (Holt
1994). More than 1 million ha of crested wheat-
grass presently exist in prairie Canada (Dormaar
et al. 1995).

Although bird response to crested wheatgrass
in sagebrush (Artemisia tridentata) communities
has been examined (Reynolds and Trost 1980,
McAdoo et al. 1989), information on grassland
songbird use of crested wheatgrass pastures in
mixed-grass prairie is almost nonexistent. The
purpose of this study was to compare grassland
songbird occurrence on native and crested
wheatgrass pastures in southern Saskatchewan.
We also compared three types of seeded pastures
(pure crested wheatgrass, crested wheatgrass/
grass mix, and crested wheatgrass/legume mix)
to determine if grassland songbirds are more at-
tracted to a particular type of crested wheatgrass
pasture. Lastly, we examined physiognomic and
plant-species variables to gain additional insight
into habitat selection by grassland songbirds.

STUDY AREA

The study was conducted in the Missouri Coteau
region of southern Saskatchewan, Canada, from 24
May to 17 June 1995. This area was selected because
a large portion of it consists of native and crested
wheatgrass pasture. Classification of the type of crest-
ed wheatgrass pasture was initially made by subjective
observation and subsequently checked following quan-
tification of plant-species cover (see below).

Native pastures comprised primarily Stipa species,
June grass (Koeleria gracilis), northern wheatgrass
(Agropyron dasystachyum), blue grama grass (Boute-
loua gracilis), upland sedges (Carex spp.), club moss
(Selaginella densa), and pasture sage (Artemisia fri-
gida). Pastures classified as pure crested wheatgrass
had no other plant species with more than 5% cover.
Crested wheatgrass/grass-mix pastures were character-
ized by crested wheatgrass, smooth brome (Bromus
inermis), and bluegrass (Poa spp.), whereas crested
wheatgrass/legume-mix pastures consisted of crested
wheatgrass and alfalfa (Medicago sativa). All other
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plant species quantified in each of these pastures were
present in trace amounts (< 5% cover).

METHODS
FIELD METHODS

Two surveyors quantified the occurrence of singing
male grassland songbirds within 100-m-radius 5-min
point-count circles (Ralph et al. 1993). Surveys were
conducted between 0425 and 0825 central standard
time on days with no precipitation and winds less than
20 km/hr. Because roadside counts in grassland have
inherent biases (G. Sutter, unpubl. data), the periphery
of each point-count circle was situated 50-100 m from
roads and fence lines. The periphery of each point
count was also located more than 300 m from adjacent
point counts. A total of 395 point counts were random-
ly selected along 30 survey routes, each of which was
designed to sample both native and crested wheatgrass
pastures. To reduce the influence of grazing intensity
on songbird occurrence, we sampled only lightly and
moderately grazed pastures.

Habitat variables were quantified for each point
count using a 100- X 50-cm quadrat placed randomly
in each quadrant of the 100-m circle. Percent cover for
each plant species, standing dead vegetation, and bare
ground was estimated visually in the quadrat. Litter
depth and vegetation height were measured at the
northeast corner of each quadrat using a 10-cm and 1-
m rule, respectively. Means were calculated for each
habitat variable in each circle for use in subsequent
analyses.

DATA ANALYSIS

Analyses were conducted on the frequency of oc-
currence (i.e., presence/absence) of the nine most fre-
quently recorded songbird species (> 10% occurrence)
using the SAS/STAT package (SAS Institute 1990).
Frequency of occurrence was analyzed because ob-
servers seldom recorded more than one individual per
species in a point count, thus making normalization of
the data problematic. We compared the occurrence of
each songbird species inside point-count circles in na-
tive and crested wheatgrass pastures using chi-square
contingency analyses, or Fisher’s exact test if 25% of
the cells had expected counts less than 5 (PROC
FREQ).

Stepwise logistic regression (PROC LOGISTIC, a
= 0.05) was used to identify important habitat vari-
ables associated with the occurrence of individual
grassland songbird species. If a species showed no
preference for any pasture type, data from all pasture
types were used in the analyses. Analyses were re-
stricted to within-pasture types for those species that
exhibited a habitat preference, to avoid confounding
results with habitat variables important in predicting
bird occurrence and those variables associated with a
particular pasture type. Structural variables included in
the analyses were vegetation height, standing dead
vegetation, litter depth, and bare ground. Of the 82
plant species quantified in the study, only the 13 spe-
cies with a mean cover value greater than 1% were
used in the analyses (see Appendix). None of these
independent variables were strongly correlated (Spear-
man rank, r << 0.69; PROC CORR).
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FIGURE 1.

Frequency of singing males detected in point counts in native (N; N = 193), pure crested wheat-

grass (CW; N = 103), crested wheatgrass/grass mix (CG; N = 60), and crested wheatgrass/legume mix (CL; N

= 40) pastures in southern Saskatchewan.

RESULTS
FREQUENCY OF OCCURRENCE

The frequency of occurrence of Horned Lark,
Vesper Sparrow, Savannah Sparrow, Baird’s
Sparrow, and Western Meadowlark was not sig-
nificantly different among pasture types (x> =
0.054-6.652, df = 3, P > 0.084; Fig. 1). Sig-
nificant differences in the frequency of occur-
rence among habitat types were found for Clay-
colored and Grasshopper sparrows, Chestnut-
collared Longspur, and Sprague’s Pipit (x* =
18.194-53.545, df = 3, P < 0.001). Pair-wise
comparisons of each pasture type revealed that
Sprague’s Pipits, Clay-colored Sparrows, and
Chestnut-collared Longspurs were recorded
more often in native pasture than in any of the

crested wheatgrass pastures (x> = 7.307-18.527,
df = 1, P < 0.007; Fig. 1). In addition, Spra-
gue’s Pipits were detected more often in pure
crested wheatgrass than in crested wheatgrass/
legume-mix pastures (x> = 5.608, df = 1, P =
0.018; Fig. 1). Clay-colored Sparrows exhibited
a trend toward higher occurrence in crested
wheatgrass/legume-mix pastures than in pure
crested wheatgrass pastures (Fisher’s exact test,
P = 0.057; Fig. 1). Grasshopper Sparrows were
recorded significantly more often in pure crested
wheatgrass and crested wheatgrass/grass-mix
pastures than in native pastures (x> = 27.099, df
= 1,P <0.001; x* = 13.591, df = 1, P < 0.001,
respectively), and they occurred more often in
pure crested wheatgrass than in crested wheat-
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TABLE 1.
SHIPS IN NATIVE AND CRESTED WHEATGRASS PASTURES
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SUMMARY OF STEPWISE LOGISTIC REGRESSION ANALYSES OF GRASSLAND SONGBIRD-HABITAT RELATION-

Estimate Model
Species Variable [(©)] P concordance
Horned Lark Vegetation height —0.110 < 0.001 76.8%
Bare ground 0.031 0.001
Litter depth —0.118 0.016
Pasture sage 0.077 0.002
Western snowberry -0.125 0.018
Northern wheatgrass —0.048 0.049
Sprague’s Pipit Standing dead 0.025 0.011 60.6%
Clay-colored Sparrow Western snowberry 0.131 0.004 71.3%
Standing dead 0.029 0.003
Pasture sage 0.067 0.016
Vesper Sparrow Vegetation height —0.143 < 0.001 73.0%
Club moss —-0.107 0.007
Savannah Sparrow Alfalfa 0.046 0.002 71.0%
Standing dead 0.047 < 0.001
Vegetation height 0.095 < 0.001
Upland sedges 0.056 0.025
Baird’s Sparrow Vegetation height 0.138 < 0.001 73.2%
Bare ground —-0.024 0.004
Upland sedges —0.040 0.047
Grasshopper Sparrow Vegetation height 0.086 0.005 75.3%
Crested wheatgrass 0.040 0.004
Bluegrass 0.066 0.015
Chestnut-collared Longspur ‘Western snowberry —-0.121 0.009 68.2%
June grass 0.069 0.004
Pasture sage —0.061 0.033
Western Meadowlark June grass —0.079 0.003 46.7%
Stipa spp. 0.041 0.018

Note: Variables are listed in order of their entry into the model.

grass/legume-mix pastures (x> = 4.898, df = 1,
P = 0.027).

HABITAT VARIABLE ASSOCIATIONS

All pasture types were used in the logistic re-
gression analyses of habitat variables for the five
species that showed no habitat preference. Lo-
gistic regression analyses for Sprague’s Pipit,
Clay-colored Sparrow, and Chestnut-collared
Longspur were conducted in native pastures,
whereas the analyses for Grasshopper Sparrow
were restricted to pure crested wheatgrass and
crested wheatgrass/grass-mix pastures. The
models for Horned Lark and Clay-colored, Ves-
per, Savannah, Baird’s, and Grasshopper spar-
rows had fair explanatory power (71-76.8%
concordance), whereas the Sprague’s Pipit and
Chestnut-collared Longspur models had some-
what poorer predictive power (Table 1). Vari-
ables entered into the Western Meadowlark
model failed to explain more than 50% of the
variation. Of the habitat variables we examined,
structural variables were entered into the models

for seven of nine songbird species and were the
first variables entered in five of those species
(Table 1). Vegetation height was an important
predictor for five species; Baird’s, Grasshopper,
and Savannah sparrows were positively associ-
ated with vegetation height, whereas Horned
Lark and Vesper Sparrow were negatively as-
sociated with this variable. Percent cover of
standing dead vegetation was also an important
predictor of songbird occurrence, with Sprague’s
Pipit and Clay-colored and Savannah sparrows
positively associated with this variable. Baird’s
Sparrows were negatively associated with cover
of bare ground, whereas Horned Larks were pos-
itively associated with bare ground and nega-
tively associated with litter depth.

Plant species were selected for inclusion in
the logistic regression model for eight of nine
bird species. Clay-colored Sparrows were posi-
tively associated with cover of western snow-
berry (Symphoricarpos occidentalis), whereas
Horned Larks and Chestnut-collared Longspurs
were negatively associated with this shrub.
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Grasshopper Sparrows were positively associat-
ed with cover of introduced grasses (crested
wheatgrass and bluegrass species), whereas
Chestnut-collared Longspurs were positively as-
sociated with June grass. Forb species were en-
tered into four of the models. Horned Lark and
Clay-colored Sparrows were positively associ-
ated with cover of pasture sage, whereas Chest-
nut-collared Longspurs were negatively associ-
ated with this forb. Savannah Sparrow was the
only species positively associated with alfalfa.

DISCUSSION

Horned Lark, Vesper Sparrow, Savannah
Sparrow, Baird’s Sparrow, and Western Mead-
owlark were recorded as frequently in native
pasture as in each type of crested wheatgrass
pasture. This lack of discrimination between na-
tive pasture and the relative monoculture of
crested wheatgrass pastures suggests that these
species responded to vegetative structure rather
than plant-species composition. Horned Larks
and Vesper Sparrows were associated with pas-
tures with low vegetative height. Horned Larks,
however, preferred more sparsely vegetated pas-
tures (see also Dubois 1935, Stewart and Kan-
trud 1972, Owens and Myres 1973, Wiens 1973,
Kantrud 1981, Dale 1983). In comparison, Sa-
vannah Sparrows occupied pastures with taller,
denser vegetation as indicated by the positive
association with alfalfa, standing dead vegeta-
tion, and vegetation height (Table 1). Lein
(1968) and Dale (1983) also found Savannah
Sparrows to be associated with tall, dense veg-
etation in Saskatchewan, and Renken and Dins-
more (1987) found the species most abundant on
alfalfa-wheatgrass habitats (but see Johnson and
Schwartz 1993a). Baird’s Sparrows occurred
more often on pastures with greater amounts of
vegetative cover as evidenced by their positive
association with vegetation height and negative
association with cover of bare ground. Dale
(1983) and Sutter (1996) also found this species
to be associated with taller and denser vegeta-
tion in Saskatchewan. The response of Baird’s
Sparrow to vegetation structure rather than to
plant-species composition (see also Mahon
1995, Madden 1996) may allow this species to
be more flexible in its habitat requirements than
previously thought (Cartwright et al. 1937). The
habitat variables measured in this study provided
little predictability as to the occurrence of West-
ern Meadowlarks (see also Johnson and
Schwartz 1993a, Sutter 1996). These results are
supported by previous studies which indicated
that all five of these species are not native prairie
specialists and are found in a variety of habitats
(Owens and Myres 1973, Wiens and Dyer 1975,
Rotenberry and Wiens 1980, Basore et al. 1986,
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Camp and Best 1993, Johnson and Schwartz
1993a, Davis et al. 1996).

Clay-colored Sparrows, Chestnut-collared
Longspurs, and Sprague’s Pipits were recorded
more frequently in native pasture than in any of
the crested wheatgrass pasture types. Because
Clay-colored Sparrows were positively associ-
ated with native pastures with greater coverage
of western snowberry, standing dead vegetation,
and pasture sage, their preference for native pas-
tures over crested wheatgrass pastures may be
explained by the higher values for these three
variables in native pasture (Appendix). The
well-known attraction of Clay-colored Sparrows
to shrub coverage (see also Knapton 1978, Kan-
trud 1981, Dale 1983, Arnold and Higgins 1986)
may help explain their higher occurrence in
crested wheatgrass/legume-mix pastures than in
the other crested wheatgrass pastures. Clay-col-
ored Sparrows may have been more attracted to
crested wheatgrass pastures with alfalfa because
alfalfa likely provides a structural substitute for
shrubs (Johnson and Schwartz 1993a).

Our results for Sprague’s Pipit are consistent
with previous studies which have documented
this species’ preference for native over intro-
duced vegetation (Wilson and Belcher 1989,
Hartley 1994, Sutter et al. 1995, Madden 1996,
Sutter 1996). In native pasture, Sprague’s Pipit
showed a positive association with cover of
standing dead vegetation. Thus, the pipit’s pref-
erence for native pastures may have resulted
from the greater coverage of residual vegetation
in these pastures than in crested wheatgrass pas-
tures (Appendix). Dale (1983) found Sprague’s
Pipit to be positively associated with dead veg-
etation and density of vegetation 10 cm or less
in height. Thus, the taller vegetative height and
increased amount of bare ground in crested
wheatgrass pastures (Appendix) may also have
contributed to the pipit’s greater occurrence in
native pastures. Although previous studies have
found Sprague’s Pipit to be negatively associat-
ed with shrub cover (Dale 1983, Madden 1996),
we detected no such association, possibly be-
cause native pastures examined in this study had
few shrubs (Appendix).

Previous studies have found that Chestnut-
collared Longspurs are associated with open and
sparsely vegetated native prairie (Harris 1944,
Stewart and Kantrud 1972, Owens and Myres
1973, Kantrud and Kologiski 1982, Dale 1983).
In our study, this species was negatively asso-
ciated with western snowberry and pasture sage
but positively associated with June grass cover
(Appendix). Interpretation of the significance of
these three plant species in habitat selection by
Chestnut-collared Longspurs is uncertain, with
the strongest suggestion being an avoidance of
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shrubs. Insight into why Chestnut-collared
Longspurs preferred native over crested wheat-
grass pastures is also difficult to determine from
these results.

Grassland birds in Saskatchewan may benefit
significantly if the amount of cropland that is
predicted to be converted into crested wheat-
grass pasture is realized. Six of the nine song-
bird species were detected in crested wheatgrass
pasture in an equal or greater frequency than in
native pastures, and the three species that pre-
ferred native pasture occurred in varying fre-
quency in crested wheatgrass pastures. Thus, the
conversion of cropland to crested wheatgrass
pasture should benefit grassland songbirds, as
cropland is unattractive to most bird species
(Stewart and Kantrud 1972, Owens and Myres
1973, Hartley 1994). In addition, agricultural
programs that have converted cultivated land to
perennial cover have been shown to provide im-
portant habitat for grassland songbirds. The
Conservation Reserve Program, for example,
has been found to provide habitat that is attrac-
tive to many grassland bird species (Johnson and
Schwartz 1993a, King and Savidge 1995) and
has been suggested as one of the factors con-
tributing to the recovery of some species (John-
son and Schwartz 1993b, Reynolds et al. 1994).

Landowners who seed their land to crested
wheatgrass typically seed pure crested wheat-
grass or crested wheatgrass/alfalfa to supplement
native range and enhance forage quality (Camp-
bell 1963, Hart et al. 1983). The crested wheat-
grass/grass-mix pastures in this study were like-
ly pure crested wheatgrass pastures that were
subsequently invaded by exotic and native grass-
es. Of the two types of crested wheatgrass pas-
ture intentionally seeded, pure crested wheat-
grass pastures will likely have the greatest ben-
efit for grassland songbirds in Saskatchewan;
Sprague’s Pipit and Grasshopper Sparrow were
least attracted to crested wheatgrass/legume-mix
pastures, whereas all other songbird species oc-
curred in similar frequency in pure crested
wheatgrass pastures and in those with alfalfa.

We caution that the relative abundance of
singing males as we examined here is only one
indicator of habitat quality. The reproductive
consequences of selecting alternative nesting
habitat must also be considered when assessing
habitat quality (Van Horne 1983, Johnson and
Temple 1986, Vickery et al. 1992). Few studies
have examined nesting success of grassland
songbirds (e.g., Hill 1976, Elliott 1978, Basore
et al. 1986, Johnson and Temple 1986, Davis
and Sealy in press), and to our knowledge, no
research has been conducted in crested wheat-
grass pastures. Research on the reproductive
success of grassland songbirds in crested wheat-
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grass and native pastures is required to deter-
mine definitively the relative value of these pas-
tures.

Although crested wheatgrass pastures were
unexpectedly attractive to many grassland song-
birds, they were less attractive than native pas-
ture to three songbird species. Hence, preser-
vation of existing native grasslands and resto-
ration of grasslands that more closely mimic the
native prairie community should continue to be
priorities.
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APPENDIX. VEGETATIVE-STRUCTURE AND PLANT-SPECIES VARIABLES IDENTIFIED BY LOGISTIC REGRESSION ANALYSIS
AS IMPORTANT PREDICTORS OF THE OCCURRENCE OF GRASSLAND SONGBIRDS?

Pasture type

Crested Crested
Crested wheatgrass/ wheatgrass/
Variable Native wheatgrass grass mix legume mix
Standing dead 27.2 = 1.1 14.1 = 1.1 14.8 £ 1.5 112 = 1.4
Bare ground 11.2 £ 0.8 279 x 1.6 22,6 = 1.5 262 *+ 2.5
Litter depth (m) 3.1 £03 3404 3.8 £ 0.7 1.4 =03
Vegetation height (cm) 8.6 £ 04 139 = 0.7 15.1 = 0.8 157 = 0.8
Northern wheatgrass 45 + 04 0.1 00 05 * 0.2 0.00
June grass 8.4 05 0.1 = 0.0 0705 0.00
Stipa spp. 8.7 = 0.6 0.3 = 0.1 09 £ 04 0.00
Upland sedges 56 £ 05 03 = 0.1 1.5 =04 0.00
Club moss 6.8 £ 05 1.3 +03 0.8 £ 03 0.00
Crested wheatgrass 02 *+ 0.1 47.1 = 1.5 29.8 £ 1.7 340 £ 25
Pasture sage 5304 3.8 =06 27.% 06 1.1 £ 05
Western snowberry 22 *+03 0.7 =02 1.3 04 0.2 = 0.1
Bluegrass 24 + 04 0.4 =02 6.1 x 14 0.4 + 04
Alfalfa 0.00 0.1 =00 1.2 =04 219 £ 23

Note: Mean (* SE) values are percent cover except where indicated. Plant-species nomenclature follows Budd 1987.
2 Three plant species used in the logistic regression analyses not entered into any bird species’ models. were Agropyron smithii, blue grama grass, and

smooth brome.



