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Abstract: Conservation Reserve Program Conservation Practice 33 (CP33: Conservation Buffers for Upland Birds) pro-

vides habitat for grassland birds in agriculture-dominated landscapes. However, landscape context and adjacency of other 

land covers may influence colonization, occupancy, and reproductive performance of breeding grassland birds in buffers. 

Our objective was to determine how edge effects influence diversity and density of breeding grassland birds in CP33 

buffers. Data collected during transect surveys in CP33 buffers at a privately-owned farm in Clay County, Mississippi, 

USA during the 2007 2009 breeding seasons indicated that buffers with a woody edge had the least diversity and density 

of grassland and facultative grassland birds. Dickcissels (Spiza americana), the most abundant grassland bird species de-

tected in buffers, had a lower density in woodland-bordered buffers than in grassland-bordered buffers. Red-winged 

Blackbirds (Agelaius phoeniceus) had a lower density in buffers adjacent to woodlands than buffers adjacent to developed 

areas and those bordered on both sides by crop fields. Conversely, Indigo Buntings, (Passerina cyanea) a woodland edge 

species, had the greatest density in woodland-bordered buffers when compared to buffers adjacent to grassland and devel-

oped areas. These results demonstrate that adjacency influences colonization processes and conservation design should 

explicitly incorporate local landscape context in field and farm-scale conservation plans. Where conservation of obligate 

grassland birds is a primary objective of native grass conservation buffers, avoidance of buffer establishment adjacent to 

woodlands may maximize environmental services as measured by grassland bird diversity and density. 

Keywords: Agelaius phoeniceus, avian density, avian diversity, conservation buffers, edge effects, Passerina cyanea, Spiza 
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INTRODUCTION 

Conversion of North American grasslands into agricul-
tural production systems has been one of the greatest threats 
to grassland birds [1]. Arable, fertile soils characteristic of 
grasslands are ideal for crop production, making these habi-
tats fewer, smaller, and more isolated as they are plowed and 
planted with cereal and grain crops [2]. Because of this habi-
tat loss, grassland birds are forced to use less suitable crop-
land and field margins as breeding and wintering sites [3]. 
Furthermore, continued intensification of agricultural sys-
tems will exacerbate habitat loss and degradation in agricul-
tural systems [3, 4]. 

Because a reversion to less intensive agricultural prac-
tices across North America is not realistic, Peterjohn [4] 
suggested that “effective conservation of farmland birds will 
require innovative solutions based on current agricultural 
practices that benefit the greatest diversity of farmland 
birds”. Grassland bird conservation depends largely on vol-
untary adoption of conservation practices by agricultural 
producers. Strategies must consider opportunity costs of di-
verting land from agricultural production to conservation 
practices. Effective strategies require development of prac-
tices that promote profitability of a crop production system 
and its ecological sustainability [3]. 
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Conservation Reserve Program (CRP) Conservation 
Practice 33 (CP33: Habitat Buffers for Upland Birds) pro-
vides habitat in agriculture-dominated landscapes [5] for 
grassland birds, such as Dickcissels (Spiza americana), East-
ern Meadowlarks (Sturnella magna), and Northern Bob-
whites (Colinus virginianus), all of which have experienced 
population declines throughout the United States in recent 
decades [6]. Under this practice, buffers 9.1-36.5 m wide are 
established around crop fields and planted to native warm-
season grasses, legumes, and shrubs [5]. In turn, landowners 
receive a $10/acre/year sign-up incentive payment, a county- 
and soil-specific per-acre annual rental payment, a 50% cost-
share for establishment costs, and a practice incentive pay-
ment of 40% of approved establishment costs [5]. Encourag-
ing adoption of buffer practices would contribute to habitat 
and population goals defined in state, regional, and national 
conservation initiatives designed to ameliorate these declines 
(e.g., Northern Bobwhite Conservation Initiative, Partners in 
Flight, North American Bird Conservation Initiative). 

Patch context and adjacencies may serve as proximate 
and ultimate cues that influence settling response and coloni-
zation by grassland birds. Grassland birds may be negatively 
influenced by habitats that share an edge with CP33 buffers, 
and thus avoid these habitats. In Vermont, for example, 
Bobolink (Dolichonyx oryzivorus) and Savannah Sparrow 
(Passerculus sandwichensis) place nests in open areas away 
from edges [7]. In Illinois, fewer Dickcissel and Eastern 
Meadowlark nests were located within 100 m of wooded 
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edges compared to beyond 100 m in an agriculture landscape 
[8]. These habitat selection processes based on proximate 
cues (i.e., proximity to other habitats) may be shaped by ul-
timate factors such as nest predation rates. In remnant prai-
ries of Missouri, simulated ground nests within 60 m of 
woody cover experienced greater predation than those farther 
from woody cover [9]. Thus, it is important to determine the 
effect various types of edge have on breeding grassland birds 
in CP33 buffers to inform conservation designs in agricul-
tural systems. 

Our objective was to determine how edge effects influ-
ence diversity and density of breeding grassland birds in 
CP33 buffers. Results from this study will assist land man-
agers with selecting land for enrollment in CP33 that will 
maximize producers’ conservation goals while minimally 
impacting crop production, as well as assist with develop-
ment and refinement of United States Department of Agri-
culture (USDA) Natural Resource Conservation Service 
(NRCS) Practice Standards, documentation of ecological 
benefits of federally incentivized conservation practices, and 
enhancement of wildlife benefits in agriculture-dominated 
landscapes. 

STUDY AREA 

We collected data at a 2,104-ha, privately-owned farm in 
Clay County, Mississippi, USA, with a 587-ha cattle opera-
tion and 486 ha in rowcrop production (Fig. 1). In spring 
2005, 79 ha at the farm were enrolled in CP33 and buffers 
18.2 or 36.5 m wide were established around the perimeter 
of 14 crop production fields. Established vegetation in these 
buffers were comprised of native warm-season grasses, such 
as big bluestem (Andropogon gerardii), little bluestem (Schi-
zachyrium scoparium), and indiangrass (Sorghastrum nu-
tans), and forbs, like partridge pea (Chamaecrista fascicu-
lata), black-eyed susan (Rudbeckia hirta), and maximilian 
sunflower (Helianthus maximiliani). Because a concurrent 
study was being conducted to determine effects of periodic 
disturbance on grassland birds [10], only undisturbed buffers 
at the farm were used to determine edge effects on birds to 
avoid confounding between disturbance and edge effects (43 
undisturbed buffers in 2007, 36 in 2008, 26 in 2009). 

METHODS 

Bird Surveys 

To estimate grassland bird diversity and density in the 
buffers, we used distance sampling techniques which incor-
porate decreasing probability of detection with increasing 
distance from an observer [11]. Line transects that were 200 
m long and ran parallel to a buffers’ long axis were estab-
lished in the buffers (1 transect/buffer). Line-transect surveys 
were conducted by a single observer between 0530 1000 
(CST) on mornings with no precipitation and wind speeds 
less than 15 mph [12]. The observer traveled at a rate of 10 
m/min, recording detected birds in 1 of 4 distance bands 
(0 5 m, 5 10 m, 10 15 m, 15 20 m). A record was made of 
all birds regardless of detection method (e.g., flushing from 
ground or nest, observed bird perching in buffer). Tempera-
ture, percent cloud coverage, and wind speed at time of de-
tection were also recorded. Transects were visited 6 times 
during each breeding season (twice monthly, May-July) from 
2007 to 2009. 

Statistical Analyses 

We classified non-crop edges of buffers as woodland 
(2007, n = 20; 2008, n = 16; 2009, n = 12), grassland (2007, 
n = 9; 2008, n = 10; 2009, n = 6), developed (e.g., roads; 
2007, n = 12; 2008, n = 9; 2009, n = 7), or crop (buffer was 
bordered on both sides by crop production fields; 2007, n = 
2; 2008, n = 1; 2009, n = 1). All buffers by definition had at 
least one crop edge. 

We estimated avian diversity in CP33 buffers for each 
year of this study using Shannon’s Diversity Index [13]. We 
calculated density indices based on type of non-crop edge 
using mean detections/ha for birds classified as grassland or 
facultative grassland species. We used general linear models 
in SAS PROC MIXED [14] to compare diversity indices 
with year as a repeated measure and field as a random effect 
using  = 0.05. Significant results were evaluated further 
using a Welch t-test, also with  = 0.05. 

We used conventional distance sampling techniques in 
Program Distance 6.0 [15] to estimate detection functions of 
birds in buffers based on type of non-crop edge. Detection 
functions for species with more than 100 detections [Dick-
cissels, Red-winged Blackbirds (Agelaius phoeniceus), and 
Indigo Buntings (Passerina cyanea)] were individually esti-
mated. Species with less than 100 detections provided insuf-
ficient data to generate robust estimates of a detection func-
tion [11]. We used Akaike’s Information Criterion (AIC) to 
determine the best fit detection function from appropriate 
key functions (half-normal or uniform) with possible cosine 
or simple polynomial adjustment terms. Model selection was 
based on the least AIC value and goodness of fit of a model. 

Model selection results most frequently supported the 
uniform key function when data were partitioned based on 
type of non-crop edge (Tables 1 and 2). Excluding combined 
density estimates for grassland and facultative grassland 
birds in buffers bordered by grassland, inclusion of series 
expansion adjustments did not improve model precision. 
Detection probabilities ranged from 0.88-1.0. Thus, we as-
sumed 100% detection and estimated buffer- and year-
specific avian density in buffers by calculating mean number 
of avian detections/ha. We evaluated potential differences in 
avian density based on type of non-crop edge, using general 
linear models in SAS PROC MIXED [14] with further 
evaluation with a Welch t-test, again using  = 0.05. 

RESULTS 

We detected 26 avian species in CP33 buffers during the 
2007-2009 breeding seasons: 5 were grassland species; 6 
were facultative grassland species; 9 were edge species that 
use grassland-woodland interfaces; 3 were woodland spe-
cies; 3 were species that prefer urban or developed areas 
(Table 3). The 3 most frequently detected species were 
Dickcissels (grassland species, 427 detections), Red-winged 
Blackbirds (facultative grassland species, 338 detections) 
and Indigo Buntings (edge species, 252 detections). 

There was no significant year*edge interaction influenc-
ing combined diversity of grassland and facultative grassland 
birds in CP33 buffers (F = 0.72, df = 6 and 62.4, P = 0.638). 
Year was not related to grassland and facultative grassland 
combined avian diversity in the buffers (F = 0.29, df = 2 and 
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Fig. (1). Aerial photograph of agricultural land enrolled in Conservation Reserve Program Conservation Practice 33 (CP33: Habitat Buffers 

for Upland Birds) at a privately-owned farm in Clay County, Mississippi, USA. CP33 buffers in the photograph are highlighted in white. 
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Table 1.  Estimated densities (birds/ha; D), detection function (f(0)), number of parameters (K), Akaike's information criterion 

(AIC), AIC, and probability of detection (p) for grassland and facultative grassland birds combined that were detected 

in CP33 buffers at a privately-owned farm in Clay County, Mississippi, USA, 2007 2009. 

Type of non-crop edge D
a
 f(0)

b K AIC AIC p 

13.19 UC 0 208.74 0.00 1.00 ± 0.00 

13.20 HNC 1 210.74 2.00 0.99 ± 0.12 Crop 

13.20 HNSP 1 210.74 2.00 0.99 ± 0.12 

5.20 HNC 1 371.23 0.00 0.88 ± 0.08 

5.20 HNSP 1 371.23 0.00 0.88 ± 0.08 Grassland 

5.31 UC 1 371.3 0.07 0.86 ± 0.08 

4.88 UC 0 569.08 0.00 1.00 ± 0.00 

4.95 HNC 1 571.05 1.97 0.99 ± 0.07 Developed 

4.95 HNSP 1 571.05 1.97 0.99 ± 0.07 

3.80 UC 0 608.63 0.00 1.00 ± 0.00 

3.80 HNC 1 610.63 2.00 1.00 ± 0.07 Woodland 

3.80 HNSP 1 610.63 2.00 1.00 ± 0.07 

aDensity of top model for each type of non-crop edge bolded. 
bUC: Uniform distribution, cosine adjustment; HNC: half-normal distribution, cosine adjustment; HNSP: half-normal distribution, simple polynomial adjustment. 

 
63.7, P = 0.750). There was no significant difference in 
grassland and facultative grassland combined avian diversity 
in regard to type of non-crop edge (F = 2.78, df = 3 and 26.5, 
P = 0.061). Non-crop edge differences, however, did ap-
proach significance. Buffers bordered on both sides by crop 
had the highest diversity (H’ = 0.559 ± 0.1961, t = 2.85, df = 
32.8, P = 0.008), followed by buffers adjacent to developed 
areas (H’ = 0.417 ±0.080, t = 2.18, df = 32.3, P < 0.001), 
then those bordered by grassland (H’ = 0.285 ± 0.081, t = 
3.53, df = 33.9, P = 0.001), and finally buffers bordered by 
woodland (H’ = 0.191 ± 0.067, t = 2.86, df = 23.3, P = 
0.009). 

Year and type of non-crop edge interacted to signifi-
cantly influence grassland-facultative grassland avian den-
sity (F = 2.49, df = 6 and 51.9, P = 0.034). In 2007, avian 
density in buffers bordered on both sides by crop was greater 
than that in buffers adjacent to grassland (t = 3.22, df = 33.8, 
P = 0.015) or woodland habitat (t = 3.41, df = 33.6, P = 
0.009; Fig. 2). Buffers bordered on both sides by crop also 
had the greatest avian density in 2008 compared to the other 
3 types of non-crop edge (developed areas, t = 6.14, df = 
21.3, P < 0.001; grassland, t = 6.19, df = 21.4, P < 0.001, 
woodland, t = 6.75, df = 22.4, P < 0.001). The same was true 
in 2009 (developed areas, t = 4.15, df = 21.6, P < 0.001; 
grassland, t = 4.03, df = 19.3, P < 0.001, woodland, t = 5.41, 
df = 21.4, P < 0.001). Also in 2009, buffers adjacent to 
woodland habitat had significantly lower density than buff-
ers adjacent to grassland habitat (t = 3.27, df = 18.1, P = 
0.004) and developed areas (t = 2.53, df = 21.3, P = 0.020). 

There was no significant year*edge interaction (F = 1.20, 
df = 6 and 66.2, P = 0.319) or year effect (F = 3.02, df = 2 

and 74.6, P = 0.055) with respect to Dickcissel density and 
edge. However, type of non-crop edge did affect Dickcissel 
density (F = 20.74, df = 3 and 37.5, P < 0.001; Fig. 3). Dick-
cissel density in buffers bordered on both sides by crop was 
greater than those adjacent to grassland (t = 6.62, df = 50.6, 
P < 0.001), developed areas (t = 7.40, df = 48.7, P < 0.001), 
and woodland (t = 7.73, df = 55.4, P < 0.001). Dickcissel 
density in grassland-bordered buffers did not differ from 
those bordered by developed areas (t = 1.08, df = 31.3, P = 
0.288) or woodlands (t = 1.93, df = 30.4, P = 0.467). 

We observed no year*edge interaction on Red-winged 
Blackbird density in CP33 buffers (F = 2.07, df = 6 and 56.8, 
P = 0.070). These factors, however, did independently influ-
ence Red-winged Blackbird density in buffers (edge, F = 
3.72, df = 3 and 33.2, P = 0.021; year, F = 4.92, df = 2 and 
62.0, P = 0.010; Fig. 3). Buffers bordered on both sides by 
crop had a greater Red-winged Blackbird density than buff-
ers adjacent to grassland (t = 2.23, df = 36.7, P = 0.032) or 
woodland (t = 2.55, df = 40.0, P = 0.015). Grassland-
bordered buffers did not differ significantly from woodland-
bordered buffers with respect to mean Red-winged Blackbird 
density (t = 0.44, df = 30.0, P = 0.660). Buffers with devel-
oped areas at the edge had a greater Red-winged Blackbird 
density than woodland-bordered buffers (t = 2.59, df = 34.2, 
P = 0.014). 

Indigo Bunting density in buffers was only influenced 
significantly by type of non-crop edge (F = 7.38, df = 3 and 
46.5, P < 0.001; Fig. 3). Overall, woodland-bordered buffers 
had a greater Indigo Bunting density than buffers adjacent to 
grassland (t = 3.75, df = 39.8, P = 0.001) and developed ar-
eas (t = 3.86, df = 40.8, P < 0.001). 
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Table 2.  Estimated densities (birds/ha; D), detection function (f(0)), number of parameters (K), Akaike's information criterion 

(AIC), AIC, and probability of detection (p) for Dickcissels, Red-winged Blackbirds, and Indigo Buntings detected in 

CP33 buffers at a privately-owned farm in Clay County, Mississippi, USA, 2007 2009. 

Species Type of non-crop edge D
a
 f(0)

b
 K AIC AIC p 

8.75 UC 0 138.43 0.00 1.00 ± 0.00 

9.30 HNC 1 140.26 1.84 0.94 ± 0.14 Crop 

9.30 HNSP 1 140.26 1.84 0.94 ± 0.14 

2.36 UC 0 186.76 0.00 1.00 ± 0.00 

2.36 HNC 1 188.76 2.00 0.99 ± 0.13 Grassland 

2.36 HNSP 1 188.76 2.00 0.99 ± 0.13 

1.44 UC 0 136.23 0.00 1.00 ± 0.00 

1.61 HNC 1 137.61 1.38 0.89 ± 0.13 Developed 

1.61 HNSP 1 137.61 1.38 0.89 ± 0.13 

0.99 UC 0 171.38 0.00 1.00 ± 0.00 

1.05 HNC 1 173.18 1.79 0.94 ± 0.12 

Dickcissel 

Woodland 

1.05 HNSP 1 173.18 1.79 0.94 ± 0.12 

4.03 UC 0 63.72 0.00 1.00 ± 0.00 

4.03 HNC 1 65.72 2.00 1.00 ± 0.22 Crop 

4.03 HNSP 1 65.72 2.00 1.00 ± 0.22 

1.11 UC 0 87.89 0.00 1.00 ± 0.00 

1.32 HNC 1 89.01 1.12 0.84 ± 0.15 Grassland 

1.32 HNSP 1 89.01 1.12 0.84 ± 0.15 

2.85 UC 0 270.26 0.00 1.00 ± 0.00 

2.85 HNC 1 272.26 2.00 0.99 ± 0.11 Developed 

2.85 HNSP 1 272.26 2.00 0.99 ± 0.11 

0.41 UC 0 70.31 0.00 1.00 ± 0.00 

0.41 HNC 1 72.31 2.00 0.99 ± 0.21 

Red-winged Blackbird 

Woodland 

0.41 HNSP 1 72.31 2.00 0.99 ± 0.21 

Cropc --- --- --- --- --- --- 

0.53 UC 0 41.75 0.00 1.00 ± 0.00 

0.59 HNC 1 43.56 1.81 0.89 ± 0.23 Grassland 

0.59 HNSP 1 43.56 1.81 0.89 ± 0.23 

0.51 UC 0 48.34 0.00 1.00 ± 0.00 

0.52 HNC 1 50.34 2.00 0.99 ± 0.25 Developed 

0.52 HNSP 1 50.34 2.00 0.99 ± 0.25 

1.26 UC 0 217.53 0.00 1.00 ± 0.00 

1.26 HNC 1 219.53 2.00 1.00 ± 0.12 

Indigo Bunting 

Woodland 

1.26 HNSP 1 219.53 2.00 1.00 ± 0.12 

aDensity of top model for each type of non-crop edge bolded. 
bUC: Uniform distribution, cosine adjustment; HNC: half-normal distribution, cosine adjustment; HNSP: half-normal distribution, simple polynomial adjustment. 
cNo data available to be analyzed. 
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Table 3.  Avian species detected during transect surveys in CP33 buffers at a privately-owned farm in Clay County, Mississippi, 

USA, 2007 2009. 

Species
a
 Number of detections 

Grassland 

Dickcissel (Spiza americana) 427 

Eastern Meadowlark (Sturnella magna) 8 

Northern Bobwhite (Colinus virginianus) 8 

Sedge Wren (Cistothorus platensis) 3 

 

Grasshopper Sparrow (Ammodramus savannarum) 1 

Facultative grassland 

Red-winged Blackbird (Agelaius phoeniceus) 338 

Mourning Dove (Zenaida macroura) 18 

Eastern Kingbird (Tyrannus tyrannus) 10 

Common Yellowthroat (Geothlypis trichas) 8 

Brown-headed Cowbird (Molothrus Ater) 3 

 

Loggerhead Shrike (Lanius ludovicianus) 1 

Edge 

Indigo Bunting (Passerina cyanea) 252 

Blue Grosbeak (Guiraca caerulea) 35 

Northern Cardinal (Cardinalis cardinalis) 28 

Field Sparrow (Spizella pusilla) 17 

Orchard Oriole (Icterus spurius) 7 

Eastern Towhee (Pipilo erythrophthalmus) 5 

Yellow-breasted Chat (Icteria virens) 5 

Song Sparrow (Melospiza melodia) 1 

 

Tree Swallow (Tachycineta thalassina) 1 

Woodland 

Ruby-throated Hummingbird (Archilochus colubris) 8 

Carolina Chickadee (Poecile carolinensis) 3  

Blue-gray Gnatcatcher (Polioptila cerulea) 1 

Urban-associated 

Northern Mockingbird (Mimus polyglottos) 8 

Barn Swallow (Hirundo rustica) 3  

Purple Martin (Progne subis) 1 

aSpecies classifications based upon Hamel [16], Vickery et al. [17]. 

 
DISCUSSION 

Although there was no significant difference in grassland 
and facultative grassland combined avian diversity in regards 
to type of non-crop edge, differences did approach signifi-
cance, suggesting there may be a moderate biological effect 
influencing diversity. Furthermore, grassland-facultative 

grassland bird density was least in buffers adjacent to wood-
land habitat during 2008 and 2009. Taking into consideration 
a strong biological potential of an edge effect on diversity, as 
well as the significant influence of edges on density, these 
results indicate that grassland and facultative grassland birds 
prefer buffers that are not adjacent to woodland habitat.  
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Fig. (2). Grassland and facultative grassland bird density (mean ± standard error) in buffers enrolled in Conservation Reserve Program Con-

servation Practice 33 (CP33: Conservation Buffers for Upland Birds) at a privately-owned farm in Clay County, Mississippi, USA, 

2007 2009. Types of non-crop edge represented are crop (black), grassland (white), developed areas (dark gray), and woodland (light gray). 

 

 

Fig. (3). Dickcissel, Red-winged Blackbird, and Indigo Bunting densities (mean ± standard error) in buffers enrolled in Conservation Reserve 

Program Conservation Practice 33 (CP33: Conservation Buffers for Upland Birds) at a privately-owned farm in Clay County, Mississippi, USA, 

2007 2009. Types of non-crop edge represented are crop (black), grassland (white), developed areas (dark gray), and woodland (light gray). 

 

Several other studies have documented the woody edge 
effect on grassland birds in the adjacent open habitats. In 
Nebraska, for instance, Grasshopper Sparrows (Ammodra-
mus savannarum) avoided nesting in grassland areas that 
were within 50 m of a wooded edge [18]. Similarly, density 
of Bobolinks in Wisconsin was negatively associated with 
proximity to woody vegetation [19]. Abundances of Savan-
nah Sparrows, Western Meadowlarks (Sturnella neglecta), 
Sedge Wrens (Cistothorus platensis), and Grasshopper Spar-
rows in South Dakota were negatively associated with 

woody vegetation at grassland edges [20]. In Michigan, 
grassland bird fledging success increased from 20 30% near 
field-forest edges to 60 70% for nests farther from them 
[21].  

Nests in close proximity to grassland-woody edges may 
have increased risk of predation. Woody edges can have a 
greater abundance of predators, which may reduce survival 
and reproductive ability of grassland birds [22]. In our study, 
nests were depredated by snakes, such as the southern black 
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racer (Coluber constrictor priapus), mammals, birds, and 
fire ants (Solenopsis spp.) [10]. In southwestern Missouri, 
Dickcissel and Henslow’s Sparrow (Ammodramus hen-
slowii) nest success was greater beyond 50 m of a woody 
edge [23]. Bobolinks and Savannah Sparrows in Vermont 
had greater nest densities 50 m or more from a wooded edge; 
Savanah Sparrows daily nest survival rate was positively 
correlated with increasing distance from a wooded edge [24]. 
There is also an increased risk of nest parasitism by Brown-
headed Cowbirds (Molothrus ater) near woody edges. Win-
ter et al. [23] found nest parasitism of Dickcissel nests in 
southwest Missouri was greater within 50 m of a woody 
edge. Similarly, Brown-headed Cowbird parasitism was 
greatest within 50 m of woody edges in Kansas compared to 
nests 100 m or more from an edge [25]. Finally, Bollinger 
and Gavin [26], who found that Bobolink nest densities 
within 25 m of a forest edge in New York were less than 
expected, suggested there is increased interspecific competi-
tion, less desirable vegetation species, and microclimate dif-
ferences such as lower temperatures near field-forest edges. 

Dickcissels are grassland specialists found frequently on 
CRP land [27, 28]. Dickcissel density in buffers adjacent to 
developed areas did not differ from buffers adjacent to grass-
land habitat. Though abundance of grassland birds is often 
negatively associated with urbanization [29, 30], this was not 
the case in this study. Much of the area classified as devel-
oped in this study were roads used only for farm manage-
ment activities and were bordered on both sides by CP33 
buffers or other grassland areas. Because of minimal traffic 
on these roads and availability of grassland on either side, 
Dickcissels may not have responded negatively to them. 

Though Dickcissel density was not significantly greater 
in buffers adjacent to grassland than those adjacent to wood-
land, the difference was great enough to consider a possible 
biological influence of woodland on Dickcissels. Dickcissel 
densities are often negatively associated with woodlands. In 
Kansas, Dickcissel abundance in grasslands decreased with 
an increasing amount of woodland areas and edges [31]. Be-
cause woodlands adjacent to grassland habitat can provide 
cover for predators and nest parasites, breeding Dickcissels 
may avoid these areas to ensure the survival of their young. 

Red-winged Blackbird density in buffers adjacent to de-
veloped areas did not differ from that adjacent to grassland 
habitat. Red-winged Blackbird density was least in buffers 
adjacent to woodland, especially when compared to densities 
in crop-bordered buffers and those bordered by developed 
areas. Red-winged Blackbird densities in Maryland were 
least in strip habitats adjacent to forest edges [32]. Though 
Red-winged Blackbirds are capable of breeding in many 
habitat types, they are still susceptible to risks of predation 
and nest parasitism associated with woody vegetation. In 
Wisconsin, for example, Red-winged Blackbird nests located 
farther from woody vegetation were less likely to be parasi-
tized by Brown-headed Cowbirds [33]. 

Both Dickcissels and Red-winged Blackbirds had high 
densities in buffers with crop production fields on both sides. 
Crop fields can be optimal foraging locations for birds be-
cause of availability of insect prey. Furthermore, birds that 
forage in these areas can be beneficial to land managers by 
feeding on potential pest insects [34, 35]. Several studies 

have documented potential for these species to cause damage 
to agricultural crops, but this was not likely an issue in our 
study area. Crop damage by Dickcissels occurs primarily in 
Latin America where wintering birds form large flocks and 
feed on cereal crops [36]. Control methods of Dickcissels in 
these areas have contributed to the dramatic drop in popula-
tion size of this species [36]. Though Red-winged Blackbirds 
have been implicated in crop losses [37], we did not observe 
any large flocks of blackbirds or crop damage caused by 
either Dickcissels or Red-winged Blackbirds. 

Indigo Buntings require woodlands and grasslands in 
close proximity to one another, and are found often in field-
forest edges [38]. They can also be found in shrubby areas, 
as well as in weedy fields [39]. In this study, Indigo Bunting 
density in buffers adjacent to woodland was greater than in 
buffers adjacent to any other type of non-crop edge. This 
difference was statistically significant when comparing buff-
ers adjacent to grassland and developed areas. Similarly, 
Indigo Bunting densities in Maryland were greater in strip 
vegetation habitats bordered by forests than in those adjacent 
to grassland [32]. In the Mississippi Alluvial Valley, Indigo 
Buntings were detected frequently in buffers but benefited 
more from those adjacent to woodland [40]. 

Management Implications 

Non-crop herbaceous natural communities provide essen-
tial and scarce habitat in modern agricultural systems. Con-
servation practices, such as CP33 buffers, that create semi-
natural grassland habitat with relatively minor change in 
primary land use can have a disproportionate effect on local 
and regional bird populations [41]. Design of managed land-
scapes that include these elements must take into account 
plant materials, vegetation structure, patch size, patch adja-
cencies, and landscape context. 

Agricultural systems often consist of diverse types of 
land cover, all of which could either enhance or reduce a 
CP33 buffer’s ability to support grassland bird populations. 
Based on results of this study, type of non-crop edge influ-
enced diversity and density of grassland birds in buffers dur-
ing the breeding season. To maximize the potential of CP33 
buffers in supporting grassland bird populations, landowners 
should avoid buffer establishment in areas with woodland 
cover. Buffer quality could be further enhanced if they are 
established in areas with more grass or early-successional 
herbaceous cover, such as grasslands, pastures, or hayfields. 
This would encourage grassland bird use of buffers, as well 
as reduce risks associated with predators and nest parasites. 
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