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grassland birds have become a conservation
priority, and concern over grassland birds has
contributed to efforts to protect and restore
tallgrass prairies kn8-18.1(v)6.28.1V] TJ1
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Next, we asked whether the occurrence and
density of birds was affected by the size and
shape of prairie fragments and by the degree
of urbanization surrounding them. There are
a significant number of prairie remnants in and
around urban areas and, although there are com-
pelling reasons to maintain them for social and
educational purposes (Miller and Hobbs 2002),
the question remains whether small fragments
of tallgrass prairie still retain their conservation
value as surrounding landscapes become more
urbanized (Shafer 1997).

METHODS

Study area. We studied tallgrass prairie
fragments in and around Omaha and Lincoln,
Nebraska, and Council Bluffs, Iowa (Mount
2013). Prior to European settlement, the region
was dominated by tallgrass prairie, but is now
dominated by suburban and urban areas sur-
rounded by row-crop agricultural fields. Sites
included remnant tallgrass prairies that have
been protected, as well as sites that have been
restored from agriculture to tallgrass prairie.
We included all accessible urban and suburban
prairie remnants, whereas rural sites were se-
lected from among available grasslands nearest
to the urban areas. All sites are managed in a
similar fashion by prescribed burning, grazing,
or mowing. Prairies burned in the spring were
not surveyed that season. In 2011, we surveyed
20 sites. Extreme flooding the summer of 2011
resulted in the loss of five rural grasslands located
at DeSoto and Boyer Chute National Wildlife
Refuges along the Missouri River. In addition,
two sites used in 2011 were burned in the spring
of 2012. In 2012, we retained 13 original sites
and added eight new sites.

We quantified urbanization surrounding
each study site based on 1-m-resolution
digital orthoimagery acquired by the U.S.
Farm Service Agency in 2010 and obtained
from the Nebraska Department of Natu-
ral Resources (http://www.dnr.ne.gov/digital-
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urbanization as a categorical variable in our
analyses. We used ANOVA to test whether
there were significant differences among the
categories of urbanization in vegetation char-
acteristics (forb density, shrub density, mean
vegetation height, and total grass hits) and
site characteristics (area and edge-to-interior
ratio). We chose these vegetation characteristics
because each describes a different aspect of
vegetation in grassland habitats. Forb density
and shrub density provide an indication of
the structural diversity of the grassland, mean
vegetation height provides an indication of veg-
etation height, weighted by vegetation density,
and total grass hits indicate the overall density
of grass (Fisher and Davis 2010). Summary
descriptions of habitat variables are presented
as means ± SE.

Although we recorded all species seen or
heard during bird surveys, our analyses are
limited to three obligate grassland bird species
(Dickcissels [Spiza americana], Grasshopper
Sparrow [Ammodramus savannarum], and East-
ern Meadowlarks [Sturnella magna]) for which
we recorded sufficient observations to analyze
their densities and occurrence. Other obli-
gate grassland bird species, including Henslow’s
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Table 1. Continued

Ka AICcb �AICc wi
d

Grass Hits 3 140.77 4.87 0.04
Forb Density + Veg H 4 141.42 5.52 0.03
Null 2 141.49 5.59 0.02
Shrub Density + Forb Density + Grass Hits 5 142.27 6.37 0.02
Shrub Density + Veg H 4 142.61 6.71 0.01
Forb Density +
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Table 2. Model selection results of the effects of vegetation and patch covariates on densities of Dickcissels,
Grasshopper Sparrows, and Eastern Meadowlarks. Models with wi < 0.01 are not presented.

Ka AICcb �AICcc wi
d

Dickcissel (N = 752, 26 m, 182 m)e

Density Models: Vegetation Characteristics + Year
Vegetation Height + Year (P = 0.59)f 6 1255.85 0.00 0.40
Vegetation Height + Shrub Density + Year 7 1257.24 1.39 0.20
Vegetation Height + Forb Density + Year 7 1258.09 2.24 0.13
Vegetation Height Shrub Density + Grass Hits + Year 8 1259.22 3.37 0.07
Vegetation Height + Shrub Density + Forb Density + Year 8 1259.52 3.67 0.06
Vegetation Height + Grass Hits + Year 6 1259.73 3.88 0.06
Vegetation Height + Forb Density + Grass Hits + Year 8 1260.14 4.29 0.05
Veg. Height + Shrub Density +Forb Density + Grass Hits + Year 9 1261.49 5.63 0.02

Density Models: Patch + Vegetation Characteristics + Year
Urban + Edge + Vegetation Height + Year (P = 0.66) 9 1234.45 0.00 0.97
Edge + Vegetation Height + Year 7 1241.46 7.01 0.03

Grasshopper Sparrow (N = 200; 19 m, 95 m)
Density Models: Vegetation Characteristics

Vegetation Height + Shrub Density (P = 0.44) 6 681.63 0.00 0.32
Vegetation Height 5 682.58 0.95 0.20
Vegetation Height + Shrub Density + Forb Density 7 683.85 2.22 0.10
Vegetation Height + Shrub Density + Grass Hits 7 683.86 2.23 0.10
Vegetation Height + Grass Hits 6 684.70 3.07 0.07
Vegetation Height + Forb Density 6 684.76 3.13 0.07
Shrub Density 5 685.88 4.25 0.04
Veg. Height +Shrub Density + Forb Density + Grass Hits 8 686.09 4.46 0.03
Vegetation Height + Forb Density + Grass Hits 7 686.87 5.23 0.02
Shrub Density + Forb Density 6 686.91 5.28 0.02
Shrub Density + Forb Density + Grass Hits 7 688.75 7.12 0.01
No covariates (null) 4 689.50 7.87 0.01
Forb Density 5 689.87 8.23 0.01

Density Models: Patch + Vegetation Characteristics
Urban + Vegetation Height + Shrub Density (P = 0.40) 8 677.79 0.00 0.68
Edge + Vegetation Height + Shrub Density 7 680.09 2.30 0.22
Vegetation Height + Shrub Density 6 681.63 3.84 0.10

Eastern Meadowlark (N = 82; 86 m, 258 m)
Density Models: Vegetation Characteristics

Vegetation Height + Grass Hits (P = 0.52) 6 409.78 0.00 0.34
Vegetation Height + Grass Hits + Shrub Density 7 410.40 0.62 0.25
Vegetation Height + Grass Hits + Forb Density 7 410.60 0.82 0.23
Vegetation Height + Grass Hits + Shrub Density + Forb Density 8 411.40 1.62 0.15

Density Models: Patch + Vegetation Characteristics
Urban + Grass Hits + Vegetation Height (P = 0.55) 8 394.02 0.00 0.73
Urban + Edge + Grass Hits + Vegetation Height 9 396.03 2.01 0.27

aNumber of parameters.
bAkaike’s information criterion corrected for small sample sizes.
cThe difference in AICc values between the current and top-ranked model’s AICc value.
dWeight of evidence supporting the model.
eNumber of birds detected, distance bin size, and the maximum distance included in each analysis.
fP-values from Freeman-Tukey goodness of fit test, with values >0.05 indicating adequate fit.

Study sites ranged in area from 0.9 ha to
55.6 ha, and had edge-to-interior ratios ranging
from 0.044 to 0.006. We studied 28 sites across
the 2 yr, and found no systematic differences
among sites with low, moderate, and high levels

of surrounding urbanization in either total area
(low = 15.5 ± 3.5 ha, moderate = 21.1 ±
5.5 ha, high = 15.6 ± 5.1 ha; F2,25 = 0.4,
P = 0.67) or edge-to-interior ratio (low = 0.013
± 0.002 m/m2, moderate = 0.014 ± 0.003
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m/m2, high = 0.018 ± 0.003 m/m2; F2,25 =
0.9, P = 0.41). There was a significant negative
correlation between the edge-to-interior ratio
and area among sites (r = −0.68, N = 28,
P < 0.001).

Occurrence of grassland birds and vege-
tation and patch characteristics. In 2011,
we recorded 293 Dickcissels, 121 Grasshopper
Sparrows, and 44 Eastern Meadowlarks. Num-
bers of these same species recorded in 2012
were 463, 79, and 49, respectively. We used all
sampling periods for analysis of occurrence.

Including year as a factor explained the occur-
rence of Dickcissels better than the null model
(�AICcNull-Year = 3.4). The model with mean
vegetation height and year was the best model
among those including vegetation characteristics
(Table 1). However, the model including only
year as a covariate had a �AICc = 0.51 and the
AICc weights of the two models were similar
(wVeg Ht + Year = 0.22, wYear = 0.17). Therefore,
we concluded that the addition of vegetation
variables did not improve the explanatory power
of the models.

When comparing models of patch charac-
teristics, those including edge-to-interior ratio
had the lowest �AICc values and a cumulative
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Fig. 2. The influence of urbanization on the probability of occurrence of (A) Eastern Meadowlarks and the
density of (B) Dickcissels, (C) Grasshopper Sparrows, and (D) Eastern Meadowlarks. Bold crossbars indicate
the predicted probability of occurrence and density produced from the most informative models, boxes
encompass ± SE of the predicted value, and dashed lines represent upper and lower 95% confidence bounds
for the predictions.

affected Grasshopper Sparrow density (� = 0.19
± 0.09; Fig. 1G).

Among models addressing hypotheses about
patch characteristics, the most likely model in-
cluded urbanization, and was three times more
likely than the model including edge-to-interior
ratio, and nearly seven times more likely than
the null vegetation model with vegetation height
and shrub density (Table 2). Sites with the
highest levels of surrounding urbanization had
the lowest densities of Grasshopper Sparrows

(�moderate = 0.51 ± 0.30, �low = 0.77 ± 0.26;
Fig. 2C).

For Eastern Meadowlarks, the minimum
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from perceived risks associated with fire and
from smoke production (Bock and Bock 1998).
Given the scarcity of opportunities to conserve
prairies, maintaining the quality of management
at these sites to also maximize their contribution
to conservation of native grassland species is
important.
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