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ABSTRACT. Conservationists have long been concerned about population declines among both woodland and grassland birds,
especially those that require extensive areas of a preferred habitat type and avoid mixed habitats. Of the two groups, grassland species
have declined even more rapidly than woodland species. We examined whether requirements for uninterrupted habitat could contribute
to the greater population declines among grassland birds. To do this, we plotted frequency of occurrence in relation to tree cover in
the landscape to evaluate narrowness of range in habitat selection, or stenotopicity, for woodland and grassland species. We created
plots at three scales of 200 m, 400 m, and 1200 m around bird observations. At all scales, the most stenotopic woodland species had
thresholds of occurrence of 10–30% tree cover. In contrast, most grassland species had thresholds of 80–90% grassland. Favored ranges
of grassland species were also narrower than those of woodland species. Grassland species thus are dramatically more stenotopic than
woodland species. Although habitat loss is a serious consideration for both groups, grassland birds face a double vulnerability, with
high sensitivity to habitat extent as well as extreme habitat loss. This study highlights the importance of increasing systematic strategies
to conserve grassland habitat at the regional scale.

Spécificité de la sélection d'habitat par les oiseaux forestiers et de prairies
RÉSUMÉ. Depuis longtemps, les conservationnistes sont préoccupés par les diminutions de populations d'oiseaux forestiers et de
prairies, particulièrement ceux qui recherchent de vastes étendues de leur type d'habitat préféré et évitent les milieux mixtes. Parmi ces
deux groupes, les espèces de prairies ont diminué encore plus rapidement que les espèces forestières. Nous avons examiné si le besoin
d'un habitat homogène pouvait contribuer aux baisses plus prononcées des oiseaux de prairies. À cette fin, nous avons mis en relation
la fréquence d'observation et le couvert forestier dans le paysage pour évaluer la spécificité de la sélection d'habitat, soit la sténotopicité,
des espèces forestières et de prairies. Nous avons défini des zones de 200 m, 400 m et 1200 m autour des observations d'oiseaux. À
chaque échelle, les espèces forestières les plus sténotopiques avaient des seuils de présence à 10-30 % de couvert forestier, alors que la
plupart des espèces de prairies avaient des seuils à 80-90 % de prairies. Les fourchettes favorites des espèces de prairies étaient aussi
plus étroites que celles des espèces forestières. Les espèces de prairies sont donc carrément plus sténotopiques que les espèces forestières.
Bien que la perte d'habitat soit une préoccupation importante pour les deux groupes d'espèces, les oiseaux de prairies sont doublement
vulnérables, car ils sont sensibles à l'étendue d'habitat et font face à une perte considérable d'habitat. Notre étude souligne l'importance
de favoriser les stratégies ciblant la conservation systématique de prairies à l'échelle régionale.
Key Words: area sensitivity; grassland birds; habitat fragmentation; loess; stenotopicity; woodland birds

INTRODUCTION
Conservationists have long been concerned about population
declines of both woodland birds and grassland birds in North
America. Of these two groups, grassland birds have declined even
more sharply than woodland birds (NABCI 2014, Sauer et al.
2017). In the North American Breeding Bird Survey (1966–2015,
survey-wide), 33% of woodland species analyzed had negative
trend estimates (and 33% positive), but 64% of grassland species
had negative trends (and none was positive; Sauer et al. 2017).
Here we propose that one factor influencing the greater losses
among grassland birds is that their habitat requirements are
narrower than those of woodland birds.
Population declines in many species are associated with
reductions in the quantity and quality of their breeding habitat.
This relationship has been demonstrated both for woodland birds
(Whitcomb et al. 1981, Robbins et al. 1989, Donovan and Flather
2002, Desrochers et al. 2010, Rittenhouse et al. 2010) and for

grassland birds (Herkert 1994, Johnson 2001, Johnson and Igl
2001, Ribic et al. 2009a). Of these groups, however, greater
attention has been given to woodland species’ requirements for
expansive, uninterrupted habitat areas.
Among the many causes of woodland habitat loss and
fragmentation are forest management practices (McWethy et al.
2009), energy development (Thomas et al. 2014, Barton et al.
2016), and exurban development (Suarez-Rubio 2013). Causes
for declines in grassland habitat include conversion of grasslands
to other land uses, especially agriculture (Drum et al. 2015),
energy development (Hamilton et al. 2011), and fragmentation
due to expansion of tree cover (Johnson 1996, Winter et al. 2000,
Faber et al. 2012, Beck et al. 2016). Encroachment of woodlands
into grassland habitat can be an important factor because many
grassland birds avoid tree cover in the landscape even at greater
distances (Grant et al. 2004, Cunningham and Johnson 2006,
Beck et al. 2016). Although forest lands in North America have
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undergone extensive conversion (Ramankutty et al. 2010), losses
of certain grasslands have been even greater: for example, more
than 95% of tallgrass prairie in the United States has been
converted to agriculture and other uses. In addition, less than 2%
of remaining grasslands are on public lands (Samson et al. 2004).
Because a majority of grassland birds rely on private lands for
breeding habitat (Ribic et al. 2009b, Hill et al. 2014, Drum et al.
2015), they are especially vulnerable to continuing land
conversion in agricultural regions (Faber et al. 2012).

environments was important because context may influence
observed patterns. For example, birds may be less selective about
habitat extent when their preferred habitat is abundant, e.g.,
woodland birds may be more tolerant of open areas in a mostly
wooded environment (Cunningham and Johnson 2016). Our null
hypothesis was that there would be no difference in stenotopicity
between the two groups (woodland and grassland species). Our
alternative hypothesis was that stenotopicity of the two groups
would differ.

Along with reduced availability of habitat, area sensitivity may
be a contributing factor in the severe decline of grassland bird
populations. Species that require expansive, unbroken, or
uninterrupted areas of habitat, whether woodland or grassland,
typically are of great conservation concern (Johnson and Temple
1990, Robinson 1995). Such species have been described as area
sensitive, that is, selecting breeding territories within large areas
of suitable habitat (Robbins et al. 1989, Ribic et al. 2009a). Area
sensitivity has been widely considered an important factor in
species declines for both woodland birds and grassland birds
(Robbins et al. 1989, Johnson and Igl 2001, Ribic et al. 2009a).
Area sensitivity is a term that has been used in two somewhat
different ways: The term can indicate that a species requires large,
unbroken habitat areas or patches (e.g., Whitcomb et al. 1981,
Robbins et al. 1989) or that a species simply requires a high
proportion of a preferred habitat type in the landscape, possibly
including multiple adjacent patches (e.g., Villard 1998,
Desrochers et al. 2010). The latter use of the term makes it possible
to evaluate species that occupy the dominant (or matrix) land
cover type: in a grassland interspersed with patches of woodland,
for example, there is no straightforward way to calculate the area
of the “patch” that comprises the dominant grassland land cover.
This usage also assumes that individual birds could make use of
multiple nearby habitat patches in the landscape. This second
concept of area sensitivity, a preference for a high proportion of
preferred habitat in the landscape, is thus a more useful approach
to the concept when habitat does not clearly comprise isolated,
island-like features.

We assessed stenotopicity by plotting species incidence in relation
to extent of tree cover. Incidence plots distinguish species that
occupy mostly wooded habitat from those that occupy more
mixed environments (Cunningham and Johnson 2012). Here we
extend that analysis to include grassland birds. For woodland
species, the frequency of occurrence should be expected to
increase as extent of woodland habitat in the surrounding
landscape increases (Fig, 1, curve A). For area-sensitive grassland
species, frequency of occurrence should decline with increasing
tree cover (Fig. 1, curve B). Species that occupy mixed or edge
habitat would be likely to peak or asymptote at some intermediate
range of tree cover. Incidence plots thus indicate the degree to
which species avoid landscapes with a reduced amount of their
preferred habitat.
Fig. 1. Incidence, or probability of occurrence, can vary
with increasing abundance of a key cover type. When the
X axis represents tree cover, woodland species would be
expected to follow a pattern somewhat like line A, and
grassland species would be expected to follow a pattern
somewhat like line B.

A related concept is that of stenotopicity, or narrowness in range
of tolerance. In the context of habitat selection in a mixed
landscape, for example, an individual may make use of multiple
habitat patches in a mosaic, but there may still be narrowness in
the range of how much, say, a grassland bird tolerates intrusions
of trees into open habitats. Conversely, a woodland bird may have
wide or narrow tolerance for openings in wooded habitat. In
assessing a variety of species occupying mixed landscapes, then,
stenotopicity is a relatively precise concept that can be applied to
narrowness of tolerance in habitat selection for woodland,
grassland, or mixed-habitat species.
In this study we examined stenotopicity in woodland and
grassland species occurring in landscapes of mixed habitat types.
We did this first in a mixed grassland-woodland environment in
eastern North Dakota, USA. Because that area might have lacked
woodland species with low tolerance for open or mixed habitats,
we repeated the study in a dominantly wooded environment in
eastern New York State, USA. These two contrasting study areas
allowed us to study tolerance of mixed habitat in both grassland
and woodland species, both in a grassland-rich environment and
in a woodland-rich environment. Assessing two different

STUDY AREA AND METHODS
We selected two study areas, a mixed grassland-woodland
landscape in eastern North Dakota and a mostly wooded
environment in eastern New York State. The North Dakota (ND)
study area was the Sheyenne National Grassland, in southeastern
North Dakota, USA (46.4 N, 97.3 W). This area comprises 28,400
ha of publicly owned, largely open grassland interspersed with
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patchy upland woodlands and densely wooded riparian corridors.
The area also has scattered wetlands (< 10%), which vary in extent
and wetness according to season and climate conditions. Plant
communities include tallgrass and mixed-grass prairie on rolling
upland topography, bur oak (Quercus macrocarpa) savanna and
quaking aspen (Populus tremuloides) stands on upland dunes, and
sedge meadows and wetlands in low-lying areas. Low (0.5–1 m)
shrubs, primarily western snowberry (Symphoricarpos occidentalis),
are scattered throughout the mixed-grass prairie. A riparian
deciduous forest dominated by basswood (Tilia americana),
Eastern cottonwood (Populus deltoides), and willow (Salix spp.)
occupies a portion of the study area. Grassland habitat is
dominated by mixed grasses and forbs (Manske 1980, Seiler and
Barker 1985). This study area varies from entirely open to densely
wooded at the landscape scale (e.g., within 500–1000 m of bird
observations). With its diverse habitat types, the area supports a
wide variety of bird species, including open grassland species,
deep woodland species, and species that occupy mixed or edgerich habitat (Cunningham et al. 2006, Martin and Svingen 2010).
The New York (NY) study area comprised public lands in a
wooded region of eastern New York State’s Hudson River Valley
(41.7 N, 73.7 W). The region has expansive, mature second-growth
deciduous forest. Bird surveys were limited to public lands in
Dutchess County, for which detailed, digital land cover data were
available. The county is largely wooded (75% of land cover), with
mature, second-growth, mixed-deciduous forest dominated by
oak (Quercus spp.), maple (Acer spp.), hickory (Carya spp.), and
ash (Fraxinus spp.). Kiviat (1985) described the vegetation of the
region in detail. Mixed herbaceous understory vegetation was
abundant in most areas, except where white-tailed deer
(Odocoileus virginianus) browsing had reduced understory
density. DeOrsey and Butler (2010) have described the area’s
avifauna. Woodland bird species are largely similar in the two
study areas, but in the New York study area, grassland birds are
uncommon owing to the lack of open grassland, or agricultural
land (DeOrsey and Butler 2010).
In the North Dakota study area, cultivated fields (mainly corn,
soy, and potatoes) composed the majority of landcover
surrounding the publicly owned grasslands. In the New York
study area, mature second-growth forest composed nearly all of
the surrounding land cover, with developed areas composing less
than 10% of the county.

Bird surveys
Presence/absence data were collected using belt transects (Stewart
and Kantrud 1972, Igl and Johnson 1997). One observer walked
slowly (~1 km/hr) along a transect line, 1–6 km in length. All birds
seen or heard within 50 m of the transect line were recorded, and
a GPS unit was used to divide the transect into 100-m segments
and to record bird observations within each 100-m segment. These
segments were used to georeference bird occurrences to land cover
data. Bird counts were done between half hour before sunrise and
four hours after sunrise, between late May and early July from
2002 to 2005 (in ND) and May to late June 2009 (in NY). For the
ND data, we pooled four years of data because preliminary
analysis showed that year was not a significant effect and to
average out minor variations among years (Cunningham and
Johnson 2012). In four years we surveyed 3261 100-m transect
segments. We analyzed species that were detected on 20 or more
segments; of these, 40 species were associated with woodland or

woodland edge, and 10 species were associated with open
grassland in the ND study area (Table 1). In the NY study area
there were 569 transect segments, 1–3.5 km long, and we analyzed
24 species that occurred 19 or more times (Table 2).
Table 1. Species names and number of transect segments on which
species occurred in the North Dakota study area. Number of the
100 2–6 km transects on which a species was observed is also
shown.
Species name

N

Number of
transects

Grassland species
Killdeer (Charadrius vociferus)
Upland Sandpiper (Bartramia longicauda)
Marbled Godwit (Limosa fedoa)
Wilson’s Snipe (Gallinago delicata)
Wilson’s Phalarope (Phalaropus tricolor)
Sedge Wren (Cistothorus platensis)
Savannah Sparrow (Passerculus sandwichensis)
Grasshopper Sparrow (Ammodramus savannarum)
Bobolink (Dolichonyx oryzivorus)
Western Meadowlark (Sturnella neglecta)

54
78
24
27
50
60
402
1396
148
409

31
52
15
17
21
24
57
96
58
87

Woodland species
Mourning Dove (Zenaida macroura)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Hairy Woodpecker (Picoides villosus)
Northern Flicker (Colaptes auratus)
Eastern Wood-Pewee (Contopus virens)
Willow Flycatcher (Empidonax traillii)
Least Flycatcher (Empidonax minimus)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Yellow-throated Vireo (Vireo flavifrons)
Warbling Vireo (Vireo gilvus)
Red-eyed Vireo (Vireo olivaceus)
Blue Jay (Cyanocitta cristata)
Tree Swallow (Tachycineta bicolor)
Black-capped Chickadee (Poecile atricapillus)
White-breasted Nuthatch (Sitta carolinensis)
House Wren (Troglodytes aedon)
Eastern Bluebird (Sialia sialis)
Veery (Catharus fuscescens)
American Robin (Turdus migratorius)
Gray Catbird (Dumetella carolinensis)
Brown Thrasher (Toxostoma rufum)
European Starling (Sturnus vulgaris)
Cedar Waxwing (Bombycilla cedrorum)
Yellow Warbler (Setophaga petechia)
Black-and-white Warbler (Mniotilta varia)
Ovenbird (Seiurus aurocapilla)
Scarlet Tanager (Piranga olivacea)
Chipping Sparrow (Spizella passerina)
Field Sparrow (Spizella pusilla)
Vesper Sparrow (Pooecetes gramineus)
Lark Sparrow (Chondestes grammacus)
Song Sparrow (Melospiza melodia)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
American Goldfinch (Spinus tristis)
Baltimore Oriole (Icterus galbula)
Orchard Oriole (Icterus spurius)
Common Grackle (Quiscalus quiscula)
Brown-headed Cowbird (Molothrus ater)

323
161
40
88
231
44
338
53
265
47
133
145
75
95
62
70
361
78
21
130
161
71
29
67
205
40
118
62
38
277
300
127
33
22
25
275
196
64
95
92

86
55
29
51
57
26
70
23
83
24
51
42
38
38
36
34
77
42
9
59
58
43
23
37
54
20
30
26
21
53
78
50
23
11
16
82
69
38
43
83
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Table 2. Species and number of transect segments on which a
species occurred in New York study area. Species with 19 or more
observations are listed. Number of the 28 1–3.5 km transects on
which a species was observed is also shown.
Species name

N

Number of
transects

Red-bellied Woodpecker (Melanerpes
carolinus)
Hairy Woodpecker (Picoides villosus)
American Crow (Corvus brachyrhynchos)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Wood-Pewee (Contopus virens)
Red-eyed Vireo (Vireo olivaceus)
Blue Jay (Cyanocitta cristata)
Black-capped Chickadee (Poecile atricapillus)
Tufted Titmouse (Baeolophus bicolor)
White-breasted Nuthatch (Sitta carolinensis)
Veery (Catharus fuscescens)
Wood Thrush (Hylocichla mustelina)
American Robin (Turdus migratorius)
Gray Catbird (Dumetella carolinensis)
Eastern Towhee (Pipilo erythrophthalmus)
Ovenbird (Seiurus aurocapilla)
Worm-eating Warbler (Helmitheros
vermivorum)
Blue-winged Warbler (Vermivora cyanoptera)
Scarlet Tanager (Piranga olivacea)
Chipping Sparrow (Spizella passerina)
Song Sparrow (Melospiza melodia)
Northern Cardinal (Cardinalis cardinalis)
Rose-breasted Grosbeak (Pheucticus
ludovicianus)
Brown-headed Cowbird (Molothrus ater)

38

21

20
26
55
105
149
60
54
58
31
112
86
129
113
24
137
32

8
16
13
21
15
23
13
21
17
19
24
25
23
11
13
15

21
96
23
70
74
19

8
23
8
9
15
14

89

14

We used a conservative distance of 50 m to minimize variation in
detectability, which can differ among species and habitat types,
especially at distances beyond 100 m (Matsuoka et al. 2012).
However, detection rates are high and consistent within 50 m
(Simons et al. 2007, Koper et al. 2016), and a 50-m distance has
been shown to provide reliable data for a broad range of species
in both wooded and open habitats (Matsuoka et al. 2012). Studies
of auditory-only detections have shown that estimated detection
distances are subject to error (Alldredge et al. 2007), especially
under windy or noisy conditions (Koper et al. 2016). To reduce
these risks, we sampled only in weather conditions with little wind
and no rain; other noise sources were minimal. A 50-m distance
also ensured that we were sampling local habitat use, rather than
landscape-scale habitat use. Field methods were described more
fully by Cunningham and Johnson (2006).

Habitat
In a mixed landscape, there are many ways to describe terrestrial
“habitat,” including species composition, vegetation density,
maturity, vertical structure, and other features; moreover, habitat
for many birds includes multiple types of vegetation, such as
combinations of trees, shrubs, and grasses. In studies aiming to
explain site selection for individual species, detailed descriptors
of these favored habitats can be essential. For multispecies
characterizations and with digital land cover data analyzed at the
landscape scale, however, it is often necessary to generalize cover

types when more detailed features cannot reliably be
distinguished. In our North Dakota study area, for example,
grassland, which also includes a diversity of forbs and low shrubs,
intergrades with shrub habitats and wet meadows and cannot
reliably be distinguished in aerial imagery.
Consequently, landscape-scale studies often use land cover data
that is generalized to a small number of classes, such as woodland
and grassland, and habitat is often characterized in terms of the
extent or abundance of tree cover (e.g., Andrén 1994, Freemark
and Collins 1992, Parker et al. 2005, Radford et al. 2005,
Desrochers et al. 2010). We followed this approach in the present
study, although we recognize that for individual species there may
be more detailed features that help explain habitat selection.
In land cover analysis, then, we use the term “grassland” to refer
to open areas that may include a variety of forbs and low shrubs,
and seasonal wet meadows and wetlands, which vary from year
to year. These areas were dominated by grasses and forbs, and
many wet meadows function similarly to grassland for many
species; moreover, low shrubs and seasonal wetlands are not
reliably distinguishable when digitizing land cover and so were
not digitized or analyzed separately. We treat grassland as the
converse of woodland, so that percentage grassland is 100 minus
percentage woodland.

Analytical methods
For land cover analysis we used land cover data digitized from
georeferenced aerial photographs with a pixel resolution of 1 m;
digitized data were then rasterized with a cell resolution of 5 m.
Past studies have shown that different species can respond to
landscape conditions at different scales, and that a species’
response can vary according to scales of analysis. To represent
local, intermediate, and larger scales of analysis, we evaluated
landscape composition within three distances, 200, 400, and 1200
m, around each 100-m transect.
Previous work has shown that for woodland and edge species,
percentage cover and edge density are stronger explanatory
factors than are other metrics such as cohesion, core area, or patch
size (Cunningham and Johnson 2012). Percentage tree cover has
been useful for predicting the occurrence of both woodland birds
(Dunford and Freemark 2005, Desrochers et al. 2010, Vetter et
al. 2013) and grassland birds (Cunningham and Johnson 2006,
Ribic et al. 2009a). As a preliminary assessment of explanatory
effect of tree cover for the grassland birds analyzed here, we
compared explanatory effects (using logistic regression) of
percentage tree cover and edge density (m of woodland/grassland
edge per ha) within 200 m for each of the species in the ND study
area. For each species we used the following model: Probability
of presence = 1 - 1/[exp(β0 + β1X + β2X²)], where X is either
percentage tree cover or edge density. For grassland species, the
mean logistic regression coefficient of determination (R²) for
percentage tree cover was 0.13 (range 0.07 to 0.24); for edge
density, the mean R² was 0.12 (range 0.06 to 0.25). For woodland
species, the mean R² for percentage tree cover was 0.14 (range
0.01 to 0.34); for edge density 0.13 (range 0.1 to 0.29). Thus we
concluded that percentage tree cover was equivalent to or better
than edge density in explanatory effect. Edge density is more
sensitive to land cover data resolution, that is, to the degree of
complexity in representation of landscape features, so we chose
percentage tree cover as our landscape descriptor in analysis.
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For each species, we plotted probability of occurrence in relation
to tree cover. We derived probability (or frequency) from presence/
absence data collected during our bird surveys as follows: We
sorted all 100-m segments by percentage tree cover (within a given
distance), and then grouped the sorted segments into roughly
even-sized groups (42 groups of 76 observations and one of 69
for the ND data, and 10 groups of 58 observations and one of 56
for the NY data). We did this at three radii around segments (200,
400, and 1200 m) because species can respond to landscape
composition differently at different scales, and we were interested
in assessing whether effects were consistent at local (200 m) and
landscape (1200 m) scales. For each group, at each scale, we then
calculated the observed frequency of occurrence for each species
and the average percentage tree cover. Using values of these group
averages, we then were able to plot continuous data (rather than
binary presence/absence values) for frequency of occurrence
against percentage tree cover. We then fitted a curve to each plot
using SAS PROC LOESS, a locally weighted regression and
scatterplot smoothing method that calculated predicted
probabilities of occurrence based on local regression (Cleveland
and Devlin 1988, SAS Institute 2008). We used a standard
smoothing parameter value of 0.5. We calculated 95% confidence
limits using the method of Cohen (1999), after confirming that
residuals were approximately normally distributed. The resulting
plots showed the estimated frequency of a species’ occurrence
along a gradient of tree cover. (All species were plotted against
increasing tree cover, rather than increasing grass cover, for
consistency.) In incidence plots, each point represents a group of
observations used in calculating loess curves, and X values
represent the average tree cover for those groups.

in NY. Within a 1200-m radius, the amount of woodland ranged
from 0 to 52% in ND (median 7%) and 0 to 98% in NY (median
60%). The most abundant species in ND were grassland birds (e.
g. Grasshopper Sparrow and Western Meadowlark: Table 1),
although mixed-landscape and woodland species also were
numerous. Grassland species generally were absent from the NY
study area (Table 2). A majority of species in both study areas
occupied mixed habitat. We focus here on species with strongest
preferences for either woodland or grassland habitat.

In order to quantify preferred ranges of tree cover and to compare
stenotopicity in a large number of species, we calculated favored
ranges of tree cover from incidence plots. By favored ranges we
mean the amount of tree cover at which a species was most likely
to occur. For woodland birds, one expects a species to occur most
commonly at a higher percentage of tree cover. One species might
be most likely to occur above 20% tree cover, for example, while
another might be most likely to occur above 60%. For grassland
birds, one expects the favored range to be below some level of tree
cover.

In general, incidence plots were dramatically different for
woodland and grassland birds, even at larger radii. Thus
stenotopicity is a consideration not just in areas immediately
surrounding a species’ breeding territory, but in much larger areas,
for example within a 1200-m radius around the nesting area of a
Grasshopper Sparrow.

To aid comparison among species, we calculated this range as the
range of tree cover where the frequency of occurrence was at least
50% of maximum frequency for that species. For example,
Grasshopper Sparrows (for scientific names, see Table 1) occurred
with a maximum frequency of 0.6 in groups used for incidence
plots. For this species we identified the minimum and maximum
tree cover at which frequency was at least half of that value, or
0.3. This process can be done at any scale; we focused on the 200m scale for species comparisons because, although species
respond to environmental conditions at a range of scales,
incidence plots for 200-m and 400-m radii were similar (Figs. 2,
3), and responses were generally stronger at these scales than at
the 1200-m scale. Favored ranges generalized the patterns of
habitat selection shown in incidence plots, but they aided
comparison among species.

RESULTS
Within 200 m of segments, the amount of woodland ranged from
0 to 84% (median 7%) in ND and from 2 to 100% (median 88%)

Of the four woodland species with narrowest patterns of habitat
occupance in ND, two (Rose-breasted Grosbeak and Veery, Fig.
2), were absent or nearly absent up to around 20 to 30% tree cover,
after which they increased with tree cover in an approximately
linear fashion, consistent with line A in Figure 1. Two others
(Black-and-white Warbler and Eastern Wood-Pewee) were more
likely to occur at around 10% tree cover. These patterns persisted
at larger radii. (For incidence plots for other woodland species,
see Cunningham and Johnson 2012.)
The most stenotopic grassland species were very intolerant of tree
cover. For Wilson’s Snipe, Marbled Godwit, Savannah Sparrow,
and Wilson’s Phalarope, the likelihood of occurrence dropped to
zero below ~90% grassland (that is, beyond ~10% tree cover) at
all scales (Fig. 3). Six additional grassland species avoided
landscapes with less than 70% grassland (more than ~30%
woodland: Figs. 3, 4). Again, patterns generally persisted at larger
scales, with grassland birds generally absent in landscapes with
less than 70–80% grassland (more than 20–30% tree cover) at the
1200-m scale. Most species declined more sharply than line B in
Figure 1.

In the NY study area, all of the 10 most stenotopic species
occurred in areas with less than 50% tree cover (Fig. 5: we show
only the 200-m scale because responses were similar or weaker at
the larger scales). Only one species, the Worm-eating Warbler, had
a pattern similar to those of most grassland species; it avoided
open areas and was generally absent in areas less than 60% tree
cover. For woodland species that occurred in both ND and NY
study areas, plots were generally similar, although the sample sizes
and uncertainty boundaries differed. The most stenotopic of the
species that occurred in both areas, Veery and Ovenbird, tended
to occur above 40% tree cover in both areas. Others occurred at
20 to 40% tree cover. Requirements for amount of suitable habitat
were thus less restrictive for woodland birds, and requirements
were similar in both study areas. Grassland species were too few
to analyze in the NY study area.
In plots of preferred ranges for ND, 10 grassland species primarily
occupied habitat with more than 85% grassland (that is, less than
15% tree cover, Fig. 6). The nine most stenotopic woodland birds
occurred with at least 60–65% tree cover. (Because the ND study
site had few areas with 100% tree cover, Figure 6 does not extend
beyond 75% tree cover on the X axis.) Species exhibited a spectrum
of habitat selection patterns, with most occupying mixed habitat
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Fig. 2. Responses at three scales for five species with the strongest
positive responses to woodlands in the North Dakota study area.
Species are sorted in order of narrowness of habitat preference
(see Fig. 6). Points represent groups used in calculating loess
curves (solid lines) and 95% confidence intervals (dashed lines).

types. Among species preferring wooded habitat, a smaller
proportion had narrow ranges, and these ranges represented less
precipitous slopes in incidence plots (Figs. 2-4).
In plots of preferred ranges for NY, three of the 24 species were
most likely to occur with more than 90% tree cover (Worm-eating
Warbler, Ovenbird, and Veery: Fi. 7). As in ND, ranges were widest
for species that occupied mixed habitat, such as the Blue-winged
Warbler, Eastern Towhee, and American Robin.

DISCUSSION
Intolerance of unsuitable habitats appears to be even more
important for grassland birds than for woodland birds, as indicated
by patterns in incidence plots and by the proportion of species with
narrow preferred ranges. In incidence plots, grassland birds tended
to occur in much narrower ranges. Many grassland species
frequently required at least 70–90% grassland in the landscape,
whereas most woodland birds required only 10–40% tree cover.

Fig. 3. Responses at 3 scales for 5 of 10 grassland species in the
North Dakota study area. Species are sorted in order of
narrowness of habitat preference.

These levels are similar to thresholds reported by previous studies
for woodland birds (Radford et al. 2005, Betts et al. 2010, 2014,
Zuckerberg and Porter 2010). Few comparable studies of
thresholds in habitat availability and occupancy were available for
grassland birds. Favored ranges provide another way to visualize
differences: Ten ND species (of 40 that occupied open or partially
open landscapes) had favored ranges greater than 85% grassland,
while 3 of 24 woodland species in NY (and none in ND) had
preferred ranges greater than 85% woodland. Overall, these
patterns do not support our null hypothesis that stenotopicity is
equivalent in the two groups. Whereas woodland species tolerated
a considerable degree of fragmentation in woodland habitat, even
modest degrees of grassland fragmentation (presence of tree cover)
can evidently make habitat unsuitable for some grassland species.
Differences in tolerance in grassland birds were supported by the
comparison of study areas. In particular, it could be that low
stenotopicity (a wider range of tolerance) in ND woodland birds
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Fig. 4. Responses at 3 scales for 5 of 10 grassland species in Fig. 5. Incidence plots for the 10 most area-sensitive species in the New
the North Dakota study area. Species are sorted in order of York data set, with plots for the same species in North Dakota shown for
narrowness of habitat preference.
comparison. Vertical axes for ND are set to match those of NY plots.
Species are sorted in order of decreasing area sensitivity (see Fig. 7).
“NA” indicates species that were absent in ND.

was simply a response to lower abundance of trees in the ND
landscape. However, woodland birds had similar patterns of
occurrence in the two study areas, so the difference in study areas
does not adequately explain the difference in habitat response
between woodland and grassland birds. The contrast between
woodland and grassland birds also did not reflect an absence of
“interior” woodland species from the study. Betts et al. (2010) found
occurrence thresholds of 30% or less for woodland birds, and a
number of woodland species examined here have been described
as interior woodland species elsewhere; for example the Veery,
Wood Thrush, Ovenbird, and Rose-breasted Grosbeak have been
described as area sensitive (Robbins et al. 1989, Villard 1998, Parker
et al. 2005, Desrochers et al. 2010). All of these species occurred in
both study areas. The NY study area did have several woodland
species that were absent from the ND study area, but only one of
these (Worm-eating Warbler) had stenotopicity similar to that of
the nine most stenotopic grassland species.
Although grassland birds showed more stenotopicity and thus have
particular conservation concerns, woodland birds also face critical
habitat losses, reduced habitat, and forest fragmentation. Multiple
factors lead to both loss and degradation of both woodland and
grassland habitat. Many woodland birds also have very specific

habitat requirements, in breeding, migratory, and wintering
grounds. Our findings should be interpreted not as diminishing
problem of woodland fragmentation but as drawing attention to
the effects of grassland fragmentation.
Intolerance of fragmentation is an important consideration in
species conservation, and the observations made here should
contribute to understanding of this intolerance in different species,
groups of species, and environments. We suggest that for examining
multiple species in a mixed landscape, or for examining species that
occupy the dominant “matrix” component of a landscape,
stenotopicity is a useful concept. It is related to the more commonly
used idea of area sensitivity, as used by Desrochers et al. (2010) to
mean requirements of large amounts of habitat. In complex
landscapes, assessing stenotopicity aids comparison of species on
a continuum of responses.
It is beyond the scope of this paper to explain why grassland birds
are more stenotopic than woodland birds, but previous authors
have pointed out that grassland birds evolved in North America’s
Great Plains (Udvardy 1958, Mengel 1970, Knopf 1996), where
trees were virtually absent. In addition to trees being evolutionarily
unfamiliar to grassland birds, in more recent times trees have served
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Fig. 6. Favored ranges derived from incidence plots in North
Dakota. The X axis extends only to 75% tree cover.

Fig. 7. Favored ranges derived from incidence plots in New York.

as perch sites for avian predators and brood-parasitic Brownheaded Cowbirds as well as habitat for woodland predators (Ellison
et al. 2013). Trees may thus serve as visual cues of predator risk for
open-country birds. Even a few trees in an open landscape can
support woodland-associated predators. In contrast, a few open
areas in a forested landscape would be unlikely to have similar
effects; predators that avoid woods would not be inclined to enter
such woods even if they would inhabit open areas within the woods.
We conclude that grassland birds face a double vulnerability from
high rates of habitat loss (Faber et al. 2012) and high sensitivity to
fragmentation. This combination is likely to help explain the
frequently noted population declines in grassland birds, which
exceed those of species in other habitat types (Sauer et al. 2017).
Some studies have argued that widespread habitat loss may be dire
for grassland species, and that many may not be viable with current
habitat availability (Samson et al. 2004, With et al. 2008). This study
similarly highlights the importance of attention to conservation of
grassland habitat. Although most habitat types are threatened in
the North America, there has been some regional expansion of
forest cover in recent decades, especially with the decline of
agriculture in eastern regions (Ramankutty et al. 2010, Sohl et al.
2016). Wetlands remain at risk, but losses have slowed with legal
protections in many areas. Grasslands, on the other hand, have few
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legal protections and are changing more rapidly than other classes
of land cover (Drum et al. 2015).
Rising crop prices in recent years have led to further reductions
in remnant grassland, such as field edges, hay fields, set-aside
farmlands, and pasture. With the loss of over 70% of North
America’s grasslands, grassland birds increasingly rely on habitat
that is privately owned and managed for livestock production or
agriculture (Samson et al. 2004, Faber et al. 2012). Mounting
pressure to expand agricultural production on these lands,
including biofuel production incentives and other crop supports,
further exacerbates the risks to grassland birds in North America
(Wiens et al. 2011, Faber et al. 2012). In addition, new factors
such as solar farms are creating additional demands for open
lands. These facilities are likely to be modest in comparison to
crop fields, but they may be worth watching as an additional
demand on remnant fragments of grassland. Thus it is essential
to understand better the combined impacts of agricultural
expansion on grassland habitat and narrowness of habitat
requirements to aid conservation of bird populations in what
grasslands remain.
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