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Abstract Anthromes characterize terrestrial eco-
logical patterns in terms of human populations and
how these populations use the land. However, data
are needed to assess the conservation value of
habitats embedded in anthromes, particularly when
possible conservation opportunities do not reflect
the traditional focus of conservation in a region.
One such region is the central Great Plains of North
America where the grassland biome has been
replaced by a cropland anthrome with a landscape
mosaic dominated by arable crops with small
patches of grass and woody cover embedded
within. Grassland birds have been the primary
focus of avian conservation research and practice, a
reflection of the biome classification. Yet
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conservation of other bird species may be a missed
conservation opportunity better identified via an-
thromes. In this project we evaluated the variation
in abundance of shrubland and open forest birds in
response to heterogeneity and availability of woody
and grass cover at local (100 m) and landscape
(5,000 m) scales. We found that local heterogene-
ity, a trait of croplands not grasslands, was the best
predictor of abundance, with five species of con-
servation concern more abundant in heterogeneous
sites. There was limited response to woody cover
and a mixed response across scale to grassland
cover with local response positive and landscape
negative. These data suggest that increasing heter-
ogeneity in the Great Plains cropland anthrome
may provide a unique conservation opportunity.
In particular, farm systems have the capacity to
complement regional species conservation efforts
by increasing heterogeneity. Importantly these
conservation efforts may not come at the expense
of grassland bird conservation or crop production.
The limited response to extensive grassland cover
at the larger scale suggests that in Great Plains
agroecosystems, a diverse mix of crops, pasture,
and linear habitats would allow farmers to continue
to produce food while contributing to the conser-
vation of species of concern.

Keywords Agroecosystems - Avian - Farmland
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Introduction

The need for conservation action beyond protected
areas is apparent (Scott et al. 2001). Many landscapes
outside protected areas, however, do not mimic natural
land cover predicated on potential vegetation (Ellis
et al. 2010: Kareiva and Marvier 2012) and thus
present a challenge in setting conservation goals and
management objectives. Anthromes characterize the
diversity of global ecological land cover patterns
created and sustained by human populations and land
use while also incorporating their relationships with
biotic communities (Ellis and Ramankutty 2008).
Such landscapes are often a mix of novel (Hobbs et al.
2006) and managed ecosystems such as patches or
linear strips of grassland and woody cover embedded
within agricultural landscapes. Indeed, twenty-five
percent of woodlands are found embedded within
cropland anthromes (Ellis and Ramankutty 2008; Ellis
et al. 2010). Of particular interest is the capacity of the
anthrome framework to identify unique conservation
opportunities that may currently lack recognition or
focus under current landscape classification structures,
in particular biomes (Martin et al. 2014).

An anthrome may contain ecosystems that have
unique and potentially unrecognized conservation
challenges and opportunities. In cropland anthromes,
these environments exist because of social constructs
(e.g., property boundaries), soil and water conserva-
tion practices (e.g., windbreaks), or landscape features
that prevented the land from being farmed (e.g.,
riparian buffers). Today these agricultural features are
broadly recognized as ecologically and culturally
significant (Johnson et al. 2011; Schoeneberger et al.
2012). Yet, the complexity of local and landscape
interactions limits their blanket application for con-
servation (Batary et al. 2011). For example, in France
specialist and area sensitive species require contigu-
ous habitat while generalists may benefit from heter-
ogeneity (Teillard et al. 2014). Thus, given the
prevalence of these land use types, better data are
needed to identify how the extent and arrangement of
these elements embedded in agroecosystems contrib-
ute to local conservation efforts and how this contri-
bution may vary by spatial and historical context.

One example of such an opportunity is the conser-
vation of non-grassland obligate bird populations in
the North American cropland anthrome. Populations
of these species are declining in much of the eastern
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and western United States (Askins 1993; Schlossberg
et al. 2010) and many are considered to be species of
conservation concern (Rich et al. 2004). The observed
decline is attributable to reforestation and urbanization
across much of the eastern portion of the United States
(Drummond and Loveland 2010; King and Schloss-
berg 2014) and urbanization, energy development, and
water usage in the west (Noss et al. 1995; Hoekstra
et al. 2005).

While shrubland and open forest habitat is declin-
ing or degrading in much of the eastern and western
United States, woody cover has become more abun-
dant in much of the eastern Great Plains in the central
United States, an ecoregion historically associated
with extensive grasslands and currently with extensive
croplands. The central Great Plains of North America
historically transitioned from tallgrass prairie in the
east to mixed and short grass farther west (Samson
et al. 1998; Askins et al. 2007). However, land use and
land cover of the region has undergone dramatic
change in the last 200 years (Ellis et al. 2010). Today,
agricultural land uses dominate the study area (Hene-
bry et al. 2005; Ellis et al. 2010). Embedded in this
high intensity agroecosystem are grasslands and
woodlands of various shapes and extents (Perkins
et al. 2003, Supplementary Fig. 1).

Consequently, the presence of non-grassland bird
species has increased the richness of bird communities
in the Great Plains with 75 % of bird species and 83 %
of individuals detected on USGS Breeding Bird
Survey routes being forest edge or generalist species
(Pierce et al. 2001). Thus to better understand the
response of species to land use and land cover in
cropland anthromes and identify possible opportuni-
ties for conservation in agroecosystems, we consider
here the variation in abundance of twelve avian
species of conservation concern (Rich et al. 2004)
and five species not considered species of concern.
Specifically we investigated the response of these bird
species to land cover gradients dictated by farm
management beyond the crop field (percent woody
cover, percent grassland cover, and land cover heter-
ogeneity) in agroecosystems at two spatial scales
(100 m and 5,000 m).

We selected six model parameters (Table 1) by
reviewing published literature from both avian and
agroecosystem conservation (e.g., Perkins et al. 2003;
Benton et al. 2003; Murphy 2003; Bengtsson et al.
2005; Wilson et al. 2009; Schlossberg et al. 2010).
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Table 1 Description and summary statistics for local (within
100 m from the center of each point) and landscape (within
5,000 m from the center of sampled farms) variables

Scale/Parameter Mean SD
Local
Woodland 2.9 8.2
Grassland 25.1 38.0
Shannon diversity index (SHDI) 0.8 0.4
Landscape
Woodland 5.1 5.2
Grassland 28.0 16.4
Shannon diversity index (SHDI) 1.7 0.2

Woody cover, including windbreaks, riparian buffers,
hedgerows, and volunteer trees and shrubs provide the
core habitat of these species (Perkins et al. 2003) and
other farmland species (Green et al. 1994). Grassland
cover was once the predominant land cover in the
region and grassland environments provide a greater
abundance of prey then comparable crop fields
(Robertson et al. 2012). Lastly land cover heteroge-
neity has been shown to be positively related to
increased diversity (Batary et al. 2010; Fahrig et al.
2011: Pickett and Siriwardena 2011). We considered
each of these parameters at local (i.e., farm scale) and
landscape scales (Burel et al. 1998).

Methods

We sampled 285 points embedded within 19 farms in
the central Great Plains of Nebraska, USA. Points
were assigned randomly within the farm boundary; as
such, they fell across cropland, field margins, pasture,
set-aside grasslands, windbreaks, riparian strips, and
shrub rows. All farms had organic row crops (e.g., corn
or soybean) as part of their operation and many
included livestock. Farm size ranged between 65.8 ha
(160 acres) and 2,472.9 ha (1,017 ac). Farms were
distributed across the eastern third of the state and
were at least 1,609 m apart. We located survey points
on each farm by digitizing the farm perimeter and
randomly selecting up to 16 points > 250 m apart
within each farm using HawthsTools extension (Beyer
2004) for ArcMap (ESRI Redlands, CA).

Trained field ornithologists visited each point four
times between 14 May and 10 July during 2007, 2008,

and 2009. We applied unbounded point counts to
maximize detections. While not as accurate for density
estimates as other methods (e.g., fixed radius counts),
in addition to maximizing detections, unbounded
counts reduce bias with regard to bird-distance
estimation, over-estimation at the perimeter of a count
circle, and birds dispersing in response to the observer
(Bani et al. 2006). In addition, while past analysis
techniques were more limited by variations in detect-
ability, we applied process-observation models (Royle
and Dorazio 2008) to more accurately account for
variation in detectability caused by weather and
observer bias (Quinn et al. 2011). Thus, by employing
process-observation models, we take advantage of the
increased number of observations in the data set, a
valuable outcome when sampling populations with
low probability of detection.

All counts were 5 min in duration and conducted
within 4 hours of sunrise. We recorded the species and
number of all birds heard or seen. We recorded
average wind speed for ten seconds prior to each count
using a Kestrel® 1000 Pocket Wind Meter (Boothwyn,
PA). We did not conduct counts during times of high
winds or heavy rain that limited visibility and we
varied order and time of counts to limit bias.

We measured percent woody cover, percent grass
cover, and heterogeneity as the Shannon Diversity
Index within 100 m from the center of each point,
reflecting local scale variability, and within 5,000 m
from the center of each farm, reflecting landscape
variability (Table 1, Supplementary Fig. 1). All mea-
sures at both scales were obtained using ArcGIS, v9.3
(ESRI Redlands, CA) and Fragstats v3.3 (McGarigal
et al. 2002) from land cover data compiled and
validated based on Hierarchical All Bird System’s
habitat associations and local conditions (Rainwater
Basin Joint Venture Rainwater Basin Joint Venture
2012).

We used hierarchical Poisson-binomial N-mixture
models (Royle 2004; Clark 2005; Royle and Dorazio
2008) to predict the relationship between estimated
bird abundance and the six selected habitat variables.
N-mixture models use spatial and temporal replication
to estimate abundance and to account for the varied
and imperfect detection probability of a species. By
accounting for varied detection probability, model
estimated abundances are more accurate than using a
maximum or average across multiple counts. Model
parameters were checked for multicolinearity. We

@ Springer



1814 Landscape Ecol (2014) 29:1811-1819

Table 2 Mean abundance estimates (log scale) and standard deviation from posterior distribution of N-mixture models for shrubland
birds of conservation concern

Species Wood100 Grass100 SHDI100 Wood5000 Grass5000 SHDI5000
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Baltimore Oriole (Icterus galbula) 0.03 0.05 0.06 0.06 0.07 0.06 0.08 0.13 —-0.03 0.11 0.17 0.12

Bell’s Vireo (Vireo bellii) —-0.38 0.19 0.02 0.23 0.55 0.21 0.17 0.30 0.84 0.28 0.51 0.33

Brown Thrasher (Toxostoma rufum) —-0.12 0.06 —-0.02 0.07 0.06 0.06 0.18 0.18 —-0.06 0.16 —-0.03 0.17
Eastern Kingbird (Tyrannus tyrannus) —0.10 0.06 0.18 0.06 0.15 0.05 -0.25 0.10 0.05 0.09 0.15 0.09

Eastern Wood-Pewee (Contopus —-032 024 0.33 030 050 026 —-0.15 0.50 0.62 0.48 0.74 0.45
virens)

Eastern Towhee (Pipilo 0.16 0.19 0.21 0.36 0.56 0.30 1.36 045 0.39 0.52 0.57 0.55
erythrophthalmus)

Field Sparrow (Spizella pusilla) -0.32 013 -0.28 0.07 -0.12 0.06 -0.71 040 -0.70 0.31 0.25 0.35

Great-Crested Flycatcher (Myiarchus  —0.04 0.28 0.39 045 0.85 0.33 0.59 047 0.62 037 —-0.89 0.44
crinitus)

Lark Sparrow (Chondestes 0.04 0.08 0.09 0.13 —-0.01 0.11 048 040 -0.09 036 -0.19 0.38
grammacus)

Northern Flicker (Colaptes auratus) —0.04 0.08 0.10 0.09 0.18 0.09 -0.17 0.32 0.40 0.28 0.61 0.35

Orchard Oriole (Icterus spurius) 0.08 0.17 0.41 0.09 0.28 0.08 0.03 0.09 -0.19 0.08 0.10 0.08

Red-headed Woodpecker (Melanerpes —0.01 0.07 —0.01 0.09  0.02 0.08 0.12 0.33 0.15 029 027 0.32
erythrocephalus)

Credible intervals not overlapping zero are highlighted in bold

Wood100, percent woody cover at 100 meters; Grass100, percent grass cover at 100 meters; SHDI100, habitat heterogeneity at 100

meters. Other estimates for percent cover at 5000 meters

applied hierarchical modeling to control for effects of
spatial-autocorrelation and pseudoreplication that
may result from analysis of multiple points within
multiple sites. Observer and wind speed were included
as detection covariates.

We assigned non-informative priors with normal
distributions (Mean = 0, SD = 1,000) to parameters
and intercepts (McCarthy 2007; Kéry 2010). Bayesian
analysis was run with WinBugs (Lunn et al. 2000)
through the R2WinBugs package (Sturtz et al. 2005)
for program R v. 2.12.0 (R Development Core Team
2010) using three Markov Chain Monte Carlo
(MCMC) simulation chains with 250,000 iterations,
discarding the first 100,000 iterations as a burn-in and
thinning chains by 50:1. We checked results for
autocorrelation and for convergence with Gelman and
Rubin’s convergence diagnostic (Gelman and Rubin
1992; Brooks and Gelman 1998). Given the limita-
tions of the deviance information criterion (DIC) as a
model selection criterion for hierarchical models
(Celeux et al. 2006), we present here the result of full
models, accepting the loss of precision (Bolker et al.
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2009), with inference based on 95 % Bayesian cred-
ible intervals.

Results

During 3 years of sampling, we observed 17 non-
grassland obligate species listed for regional conser-
vation concern in at least one of ten Bird Conservation
Regions that lie within and beyond the central and tall
grass prairies (Rich et al. 2004). Of these, twelve
species had sufficient data for model convergence,
with models for the remaining five species failing to
converge. Varied detection probability was evident for
five species.

The abundance of three species of conservation
concern declined as woody cover became more
prevalent within 100 m (Table 2; Fig. 1a). The East-
ern Kingbird (all scientific names given in Table 2)
and Orchard Oriole were more abundant but the Field
Sparrow less abundant at points with greater grass
cover within 100 m (Table 2; Fig. 1b). Five species
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Table 3 Mean abundance estimates (log scale) and standard deviation from posterior distribution of N-mixture models for shrubland

birds not currently of conservation concern

Species Wood100 Grass100 SHDI100 Wo0d5000 Grass5000 SHDI5000
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Brown-headed Cowbird —0.11 0.04 0.09 0.03 0.00 0.03 -0.06 0.10 -0.04 0.09 -0.13 0.10
(Molothrus ater)

Blue Jay (Cyanocitta cristata) —-0.02 0.05 -0.07 0.08 —-0.01 0.07 0.59 0.26 -0.05 023 0.19 0.26

Common Yellowthroat (Geothlypis —-0.01 0.07 —-0.11 0.08 0.08 0.08 —-041 028 —-040 0.25 042 0.26
trichas)

Gray Catbird (Dumetella carolinensis) —0.04 0.28 0.39 045 0.85 0.33 0.59 0.47 0.62 0.37 —0.89 0.44

Red-bellied Woodpecker (Melanerpes —0.01 0.07 0.12 0.13 0.12 0.09 0.87 0.47 —-0.20 040 0.88 0.43

carolinus)

Credible intervals not overlapping zero are highlighted in bold

Wood100, percent woody cover at 100 meters; Grass100, percent grass cover at 100 meters; SHDI100, habitat heterogeneity at 100
meters. Other estimates for percent cover at 5000 meters

were more abundant at points with greater local
(100 m) heterogeneity (Table 2; Fig. 1c), though the
effect for Field Sparrow and Northern Flicker is less

certain. The Eastern Kingbird was less and the Eastern
Towhee more abundant at points with greater per-
centage of woodland within the larger landscape
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(Table 2; Fig. 1d). The Bell’s Vireo was more abun-
dant while the Orchard Oriole and Field Sparrow were
less abundant in landscapes with an increased percent
of grassland within 5,000 m (Table 2; Fig. le). Only
the Great-created Flycatcher was more abundant in
more heterogeneous landscapes (Table 2; Fig. 1f).

Of the species not of conservation concern
(Table 3), the Gray Catbird was more abundant at
points with greater heterogeneity locally but, in
contrast, less abundant with greater heterogeneity at
the larger-scale landscape scale. The Red-bellied
Woodpecker was more abundant with greater heter-
ogeneity at the larger landscape scale. Brown-headed
Cowbirds were more abundant at points with more
grassland locally but less abundant at points with more
local woody cover. There was no response to
landscape level grass cover. Two species, Blue Jay
and Red-bellied Woodpecker were more abundant in
landscapes with greater woody cover.

Discussion

Although the central Great Plains of North America
were originally dominated by grasslands, agriculture
now dominates much of the region, hence it is better
described as a cropland anthrome. Novel ecosystems
embedded in anthromes provide a space for conser-
vation beyond protected areas and crop fields that are
typically the focus of research and practice in applied
ecology (Hobbs et al. 2006; Lindenmayer et al. 2008;
Quinn 2013). Embedded in an agricultural matrix,
they provide nest sites, foraging space, and cover for
many species. Remnant woody and grassland habitat
support declining bird populations and offer potential
conservation opportunities.

The value of local heterogeneity as a conservation
target in agroecosystems is highlighted by the evidence
that five species of conservation concern, including
habitat specialists, were more abundant in heteroge-
neous areas. Interestingly, of the non-listed species only
the Gray Catbird was more abundant in heterogeneous
areas, suggesting that species not of current conserva-
tion concern may be better adapted to the more
homogeneous landscapes associated with intensive
agroecosystems or perhaps extensive grasslands. Hab-
itat heterogeneity is a key element of wildlife-friendly
farming (Fischer et al. 2008), suggesting that land
sharing, where farming and conservation goals are met
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on the same lands, may benefit shrubland and open
forest birds of conservation concern. The measured
heterogeneity in the system may reflect small diverse
fields found on participating farms and the presence of
field buffers. It may also be a proxy of woody or grassy
patches and strips not captured at the grain of imagery
used. The lower abundance of Great-crested Flycatchers
where there was greater heterogeneity at the larger scale
suggests a preference for larger contiguous landscapes,
likely forest cover.

The lack of and negative response to woody cover
was unexpected, though Shake et al. (2012) also
showed that proportion of forest was not important for
eight shrubland birds. However, combined with the
response to heterogeneity, the lack of importance may
demonstrate a patch-matrix interaction (Prevedello
and Vieira 2010). We can infer from the mostly neutral
or negative response at the local and landscape scales
that while these species do require patches of shrub
and/or tree cover for nesting, perching, or cover,
extensive woody cover is of lower conservation value
for these species. Furthermore, the value of individual
woody patches have been shown to be moderated by
the matrix in which they are embedded (Wilson et al.
2009; Batary et al. 2010), with availability of linear
woody cover (i.e., hedge length) only significant in
simple landscapes (Batary et al. 2010). Thus, one
possible explanation is that matrix quality around the
woody patches (e.g., crop type or heterogeneity) is
overshadowing the influence of patch availability.
Further work is needed to explicitly test this pattern in
the Great Plains to better connect with the European
literature (Batary et al. 2011). Lastly, it may be that
many of the smaller patches of woody cover were not
captured at the grains of the land cover images or any
of the additional habitat layers added, with woody
patches being better represented by heterogeneity.

Local grassland may provide foraging opportunities
for the Eastern Kingbird and Orchard Oriole, both
species that forage away from woody edges (Puckett
et al. 2009). However, increased grassland at greater
extents provided few benefits to the above species. The
exception was the Bell’s Vireo, which was more
abundant when embedded in extensive grasslands at
the larger scale. This presents an interesting conserva-
tion and management challenge when combined with
the positive response of the Bell’s Vireo to local
heterogeneity. In general, the limited requirement for
extensive grassland suggests that the birds we studied
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can benefit in working agroecosystems from small-scale
land use change, unlike many area sensitive grassland
bird species (Johnson and Igl 2001). The more frequent
focus in the Great Plains has been on grassland birds,
admittedly a group of high conservation need (Askins
et al. 2007). Grassland obligates, however, may not be
compatible with extensive agriculture (Quinn et al.
2012). Furthermore, a conservation focus on grassland
birds does not reflect the current land cover, perhaps best
represented as a cropland anthrome (Ellis et al. 2010)
rather than a grassland biome.

The lack of response to extensive grassland cover
suggests that in Great Plains agroecosystems, a diverse
mix of crops, pasture, and linear habitats would allow
farmers to continue to produce food while contributing
to the conservation of the above species of conserva-
tion concern. While the value of narrow grass margins
to grassland obligates varies (Quinn et al. 2012), and
woody encroachment is detrimental to many grassland
obligate bird species (Askins et al. 2007), management
for heterogeneity may provide suitable habitat for
birds in areas unsuitable for grassland obligate species.
Indeed the high return for conservation with low
opportunity costs to farmers (and grassland bird
conservation) has potential as a targeted agri-environ-
mental scheme in the Great Plains of North America.

Ultimately, capturing this conservation opportunity
could benefit bird populations within cropland anthro-
mes and allow a shift to greater focus on larger scale
projects that restore, protect, or spare larger contigu-
ous grasslands necessary for many grassland species.
Thus, conservation in agroecosystems can be seen as a
strategy complementing grassland bird conservation
in protected areas rather than managing for all species
in cropland anthromes. This shift could be seen as
analogous to the designation of farmland birds in
Europe, where many species that are the focus of
conservation likely had lower abundance pre-farming
or if reforesting occurred across Europe.

Given the low likelihood of converting vast swaths
of row-crop agriculture back to prairie and the
opportunity costs to farmers of landscape-scale grass-
land conservation, conservation efforts in local agro-
ecosystems associated with row-crop agriculture and
cropland anthromes provides multiple benefits. Shrub-
land and open forest species fill many ecological
habitats created from the conversion of grasslands to
croplands and from subsequent extensive tree planting
and may provide ecosystem services to the farm

(Whelan et al. 2008; Zhang et al. 2007). Furthermore,
these habitats provide many ecosystem services to
agricultural lands (Schoeneberger et al. 2012) sug-
gesting potential to bundle conservation efforts and
ecosystem services.

These data extend our understanding of the value of
using anthromes as a conservation framework (Martin
et al. 2014), in particular for species that are not
historically a conservation target in the region of
interest. Given the decline of early successional forest
in the eastern United States (King and Schlossberg
2014) and the value prescribed to intact forest
conservation beyond the Great Plains, investment in
shrubland and open forest bird conservation in the
eastern Great Plains may be a unique conservation
opportunity well suited for cropland anthromes.
Although the conservation opportunity in this anth-
rome is clear, policy development (e.g., Kleijn et al.
2004; Atwell et al. 2011; Pe’er et al. 2014) and the
rapid homogenization and intensification of farmland
(Matson et al. 1997; Krebs et al. 1999), including loss
of linear woodlands and increased local and landscape
homogeneity threatens to eliminate this opportunity.
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