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Abstract. Urbanization leads to long-term modification of landscapes by habitat loss, fragmentation, and the
creation of new habitats. Species’ distributions respond to these modifications of habitat availability, but the
combination of parameters and scale at which habitat alteration most strongly influences species distributions
is poorly understood. We evaluated responses of neotropical migratory birds, a group known to be sensitive to
habitat modification, across a gradient of urbanization in the southeastern United States. Thirteen Breeding Bird
Survey routes, each with 40 to 50 point counts, were used to quantify species richness across the gradient of
urbanization extending from downtown areas of Columbus, GA to natural woodlands. Buffers of 100, 200, and
1000 m radii were constructed from remote images around each counting point to quantify land-use with the goal
of evaluating land-use parameters and scales that best described spatial variation in migrant bird species richness.
Within each buffer we quantified the proportion of each cover type and within the 1000 m buffers we included
several configuration parameters. We used an information-theoretic approach to separate models whose predictor
variables were land-use parameters. Because measures of landscape configuration were all correlated with urban
cover, these variables were entered separately. In 2002, the best model was composed of large-scale urban cover
(negative effect) and mid-scale mixed hardwoods (negative and positive effect) and transitional cover (negative
and positive effect) as well as the interaction between the latter two terms (positive effect). In 2003, the best
model was composed of weighted edge density (negative effect), mid-scale mixed hardwood cover (negative and
positive effect) and large scale transitional cover (positive effect) and the interaction between mixed hardwoods
and weighted edge density (positive effect). Our results indicate that large scale habitat attributes influence the local
species richness of migrant birds more than smaller scales. These results also indicate that urbanization, through
increased urban cover or increasing edge contrast, has strong negative effects on species richness. Our findings
support the contention that the conservation value of small woodlots in urban settings may be minimal and suggest
that conservation of migratory birds will be best achieved by giving higher priority to sites where urban cover is
still low and by preserving large areas of “green space” in urbanizing landscapes. The negative influence of urban
cover combined with relatively minor effects of non-urban habitats on distributions of neotropical migratory birds
indicates that continued urbanization of landscapes is a serious concern for conservation efforts.
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Introduction

Humans are thought to negatively affect ecosystems and biodiversity on a global scale
(Vitousek et al., 1997; Sala et al., 2000). Among the drivers of biodiversity loss, such as
global warming, nutrient cycling, and invasive species introductions, habitat loss via changes
in land-use ranks at the top of the threats to global biodiversity (Czech and Krausman,
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1997). Transformation of native land-cover to human-dominated landscapes will be most
pronounced near urban centers where the greatest proportion of human population growth is
occurring (Matson, 1990; Douglas 1994). Subsequently, urbanization is the primary cause
of endangerment of species in the continental United States (Czech and Krausman, 1997).

As one approaches an urban center, landscape transformations create habitat mosaics that
become increasingly fragmented, linear, and contrasting—creating a gradient of anthro-
pogenic disturbance (Luck and Wu, 2002). Urban-rural gradients provide unique situations
to study poorly understood ecological processes (Matson, 1990; McDonnell and Pickett,
1990) such as the effects of evolutionarily novel habitat configurations (e.g., urban-forest
edge) on species distributions (Urban et al., 1987) and movements (e.g., Bélisle et al., 2001).
Urbanization is unique among land transformations because it is relatively permanent and,
consequently, poor land management decisions that negatively affect wildlife populations
will be difficult if not impossible to reverse.

Despite the permanent nature of urbanization and subsequent ecological effects, factors
that best predict species’ responses to urbanization remain poorly understood (Marzluff
et al., 2001). The goal of this study, therefore, was to determine the landscape parameters
and scales that best predicted the number of neotropical migrant bird species along a gra-
dient of anthropogenic disturbance in the Southern Piedmont region of the southeastern
United States. We chose neotropical migrants because this group is purportedly more sen-
sitive than resident birds to changes in landscape composition (Villard et al., 1995; Flather
and Sauer, 1996; Fauth et al., 2000) including urbanization (Friesen et al., 1995). Migra-
tory birds are also very species rich in native deciduous and mixed-deciduous forests in the
southeastern United States (Rappole, 1995) and are the focus of many conservation initia-
tives (Bonny et al., 2000). By discovering the parameters and scales most closely related to
migrant species richness, land managers will be better equipped to make effective resource
management decisions.

Methods

Study area

We conducted our study over a three county area of the Georgia Piedmont in central west
Georgia including Muscogee, Harris and Meriwether counties (figure 1). The urban-rural
gradient created by population densities and land-use associated with Columbus, Georgia,
U.S.A., and its surrounding area offers an excellent opportunity to study the effects of
urbanization on species distributions (Table 1 and figure 1). Population growth rates in the
Georgia Piedmont area are some of the highest in the United States (USCB 2000). Thus, a
strong gradient in urbanization exists and the risk of additional habitat loss and modification
in the near future is high.

The Georgia Piedmont ranges in elevation from 152 to 457 m and has approximately 130
cm of rain per year. Major forest types include loblolly-shortleaf (Pinus taeda and P. echi-
nata) pine and mixed oak (Quercus)-pine (Turner and Ruscher, 1988) although forestry and
agriculture (primarily cotton and pasture) have dramatically changed the landscape (Turner
and Ruscher, 1988). Compared to national averages, Meriweather and Harris counties are
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Figure 1. Landsat image of the West Georgia Project. Red circles represent point count sites.
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Table 1. Population statistics of years 1990 to 2000 and land-use statistics for 2000 for three counties
surrounding and including Columbus, GA (Muscogee)

Area Human Population Developed Forested Agriculture
County (km2) density change (%) (%) (%) (%)

Meriweather 1308.99 17.2 +0.5 3.0 79.0 16.0

Harris 1225.07 19.7 +33 1.0 83.0 8.0

Muscogee 572.4 325.5 +4 21.0 67.0 4.4

U.S. Average 79 +13

Source: U.S. Census Bureau 2000.

relatively sparsely populated (Table 1). Harris country, however, is experiencing human
population growth rates that are more than double the national average. Muscogee county
is already highly urbanized and has a much higher density than surrounding counties.

Bird surveys

We used roadside point counts spaced at 0.8-km intervals distributed across the landscape
(figure 1). Points were clustered along 13 routes of 40–50 points each along lightly traveled
roads. The initial point of each route was positioned at random. Direction to the second
point along the road was then randomly determined. Subsequent points were located in the
same direction along roadways until an intersection was reached and then the direction at
which the route turned was randomly determined, with the constraint that routes could not
re-visit sites already covered with point count locations.

In surveying birds, we followed the same protocol established by the USGS Breeding
Bird Survey (Sauer and Droege, 1992). All birds heard or seen were recorded in three-
minute visits to each counting point. Each route was surveyed twice between June 1 and
July 17 of each year to minimize the number of transient migrants encountered. Surveys
were initiated 0.5 h before sunrise and were finished by 1100 h. Counts were done on days
with little or no wind or rain. In 2002, two observers visited each point once and in 2003
one observer visited each point twice. Observers were previously trained how to identify
birds of the southeastern United States by sight and sound. Points were not included in the
analysis if noise levels from traffic were excessive.

Quantifying the landscape

Point count locations were geo-referenced using a Magellan 315 (15 m resolution) handheld
GPS unit. Circular buffers of 100-, 200- and 1000 m around each point were clipped from a
30-m resolution Landsat 7 TM image taken March 2002. Land classifications were water, ur-
ban, barren, evergreen, mixed-hardwood, transitional (shrubland), and grassland (pasture).
Landscape attributes (see Table 2 for parameter definitions) in each buffer were estimated
using FRAGSTATS (McGarigal and Marks, 1995) software. Composition parameters, as
proportions of each cover type, was estimated for all buffers; whereas configuration statistics
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Table 2. Variables examined in the landscape analysis

Abbreviation Units Description or examples

Composition variables

% Water W Percent Rivers, lakes, ponds

% Barren B Percent Soil, gravel

% Urban U Percent Impervious surfaces
(roads, housing)

% Pine P Percent Pine plantations

% Mixed Hardwoods M Percent Natural woodlands

% Transitional (Shrubland) T Percent Early successional forests

% Grassland G Percent Open parks,
hayfields, pasture

Configuration variables

Simpson’s Diversity Index SD None Index of habitat diversity

Patch Density PD Patches/100 ha Number of patches in a given buffer

Edge Density ED m/ha Total length of edges
divided by buffer area

Contrast-weighted Edge Density WEDK m/ha Same as edge density but edges
are weighed by the degree of contrast

Fragmentation Index FRAGM Percent The proportion of adjacent
(Mixed hardwoods only) pixels that are mixed

Hardwoods given the total number
of pixel adjacencies

Buffer size

100 1 m

200 2 m

1000 K m

were computed for 1000-m buffers only. Point count stops were excluded if any portion of
the 1000 m buffers fell outside of the available map data. To detect correlation in our data
set, we used Spearman rank correlation of transformed data. Composition parameters were
arcsine-square root transformed and configuration statistics were square-root transformed.

We included measures of habitat composition as well as configuration because the relative
contributions of habitat composition versus habitat configuration are still ambiguous. There
are theoretical reasons, such as dispersal ability in a habitat mosaic (Alberti et al., 2001) to
include configuration though more recent studies are showing that the amount of available
habitat is more important than its configuration (McGarigal and McComb, 1995; Trzcinski
et al., 1999; Lichstein et al., 2002).

Linking avian species richness to landscape attributes

The relationship between species richness and landscape attributes was regressed using
several parameters at various scales. We tested models that do not include a measure of
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urban cover to account for the possibility that migrant birds might be responding to other
factors that change across the rural-urban gradient. Multiple scales were included because
the spatial scale at which landscape modification most strongly influences species distri-
butions remains unclear (Mitchell et al., 2001) and species are known to select habitat
variables at various scales (e.g., Steele, 1992; Savard et al., 2000; Mitchell et al., 2001). We
also included measures of habitat configuration as well as habitat composition. At the land-
scape scale, habitat configuration, primarily habitat fragmentation, has been the paradigm
for studying birds in disturbed communities for several decades with much of this work
being conducted in northern broadleaf forests of the United States and Canada (e.g., Galli
et al., 1976; Askins and Philbrick, 1987; Villard et al., 1995). Per point species richness
of neotropical migrants was modeled using landscape variables as covariates in Poisson
regression (PROC GENMOD; SAS 1999). Because Poisson regression is sensitive to over-
and underdispersion, an extra parameter was added to the models to account for this variance
(DSCALE option, SAS 1999). Combinations of non-redundant (uncorrelated) parameters
were included in models that encompassed interaction terms. The three scales of urban
cover were also included as quadratics. Akaike Information Criterion (AICc) corrected for
small samples was used to rank models using the number of parameters and log-likelihoods
(Burnham and Anderson, 2002).

Results

A total of 624 points were surveyed between 1 June and 17 July in years 2002 and
2003. Seventy-eight points were removed from the database because their buffers fell
outside the mapped area. In addition, thirty-four and sixteen points were removed from
the 2002 and 2003 data set, respectively for excessive noise (Table 3). Thirty-six mi-
grant species were detected each year (Table 3) for a total of forty species over two years
(Appendix I).

All the habitat configuration variables were correlated with percent urban cover in 1000
meter buffers (UK; minimum Spearman’s ρ = 0.42, n = 539). UK was also correlated
with pine (negative) and grassland (positive) at all scales (minimum Spearman’s ρ =

Table 3. Descriptive statistics for the 2002 and 2003
point count seasons

2002 2003

Number of points 517 530

Mean number of species/point 3.117 2.96

Variance 4.186 4.304

SE 0.090 0.090

Mode 4 1

Number of species 36 36

Range (species/point) 0–11 0–11

Points excluded 34 16
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0.15, n = 539), except pine cover at 200 m (Spearman’s ρ = 03, p = 0.56, n = 539). All
landscape composition variables were correlated within landcover class and across spatial
scales (minimum Spearman’s ρ = 0.26, n = 539). Urban cover was used instead of the
configuration variables because percent cover is conceptually simpler than the configuration
parameters, and, perhaps more importantly, land use issues concerning percent cover are
potentially easier to implement. Descriptive statistics are presented for the landcover data
in Table 4.

The models UK + M2 + T2 + M2 ∗ T2 and WEDK + TK + M2 + WEDK ∗ M2
were the best fitting models for 2002 and 2003, respectively (Tables 5 and 6). Our models

Table 4. Descriptive data for landscape parameters in cen-
tral west Georgia

Parameter Mean 2 S.E. Range

UK 0.096 0.018 0–0.983

U2 0.117 0.020 0–1.0

U1 0.134 0.022 0–1.0

MK 0.472 0.016 0.082–1.0

M2 0.439 0.022 0–1.0

M1 0.438 0.026 0–1.0

TK 0.133 0.008 0–0.564

T2 0.127 0.014 0–0.972

T1 0.251 0.026 0–1.0

PD 82.568 3.592 5.760–264.415

ED 174.160 4.748 9.889–329.493

WED 27.62 1.544 0.552–86.478

SD 0.627 0.010 0.029–0.768

FragM 71.299 0.844 41.881–97.457

Table 5. Top ten models linking neotropical migrant species richness in 2002 to landscape variables

Model Log-likelihood AICC � AICC Model “Probability”

UK M2 T2 M2 ∗ T2 399.646 −786.668 0.000 1.000

UK M2 T2 391.747 −773.054 13.613 0.001

UK M2 T2 UK ∗ T2 391.036 −769.447 17.221 <0.001

UK M2 T2 UK ∗ M2 391.021 −769.417 17.251 <0.001

UK TK M1 UK ∗ TK 389.127 −765.628 21.039 <0.001

UK TK MK 388.020 −765.600 21.067 <0.001

UK TK M2 UK ∗ TK 387.585 −764.730 21.937 <0.001

UK T2 M1 387.374 −764.309 22.359 <0.001

UK T2 M1 UK ∗ M1 387.765 −762.905 23.762 <0.001

UK MK T2 MK ∗ T2 381.643 −750.660 36.007 <0.001
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Table 6. Top ten models linking neotropical migrant species richness in 2003 to landscape variables

Model Log-likelihood AICC � AICC Model “Probability”

WEDK M2 WEDK ∗ M2 TK 293.100 −573.574 0.000 1.000

TK M2 TK ∗ M2 WEDK 286.896 −561.166 12.408 0.002

UK TK UK ∗ TK M1 286.719 −560.812 12.762 0.002

UK TK UK ∗ TK M2 285.877 −559.128 14.445 0.001

WEDK TK WEDK ∗ TK M2 285.193 −557.760 15.814 <0.001

WEDK M1 WEDK ∗ M1 TK 283.878 −555.130 18.444 <0.001

WEDK TK M2 282.630 −554.820 18.753 <0.001

UK TK UK ∗ TK 281.116 −553.946 19.628 <0.001

WEDK TK WEDK ∗ TK M1 282.577 −552.528 21.046 <0.001

WEDK TK M1 280.586 −550.733 22.841 <0.001

Table 7. Characteristics of the top-ranked model explaining per-point species richness in 2002

Wald 95%
Variable Coefficient Standard error Confidence Interval χ− square Pr > χ− square

Intercept 1.351 0.095 1.166 1.537 204.580 <.0001

M2 0.112 0.107 −0.097 0.321 1.100 0.294

T2 −0.183 0.257 −0.686 0.320 0.510 0.475

M2 ∗ T2 0.972 0.376 0.234 1.710 6.670 0.010

UK −2.722 0.203 −3.119 −2.325 180.750 <.0001

Scale 0.971 0.000 0.971 0.971

underestimated the number of points with no migrants and the number of points with five
or more migrants per point (figures 2 and 3). In 2002, the largest coefficient in the model
was associated with large-scale urban cover (negative) followed by the interaction term
(positive). The confidence intervals associated with mixed hardwoods and the transitional
terms (both mid-scale) resulted in both negative and positive values (Table 7 and figure 4)
suggesting improved model fit with an imprecise parameter estimate. In 2003, the largest
coefficient was associated with large-scale transitional cover (positive, figure 5) followed by
weighted edge density (negative, figure 6) and the weighted edge density/mixed hardwood
cover interaction term (positive). Mixed hardwoods had negative and positive values in the
confidence interval (Table 8 and figure 5).

Discussion

Because landscapes usually cannot be manipulated experimentally other approaches are
required to examine their effects on bird communities, such as species-based distributional
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Figure 2. Distribution of species richness for 2002 based on the top-ranked model.

Figure 3. Distribution of migrant species richness based on the top-ranked model in 2003.
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Figure 4. 2002 species richness at a point as a function of the proportion of (A) transitional cover in 200-m
buffers, (B) mixed hardwood cover in 200-m buffers, and (C) urban cover in 1000 m buffers.

investigations (Marzluff et al., 2001) or a gradient approach (e.g., Blair, 1996; Melles
et al., 2003). Along a gradient of urbanization in the Southern Piedmont, we took both
approaches; examining species richness along a gradient of urbanization as well as showing
the relationships of individual species to multiple-scale landscape parameters.
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Figure 5. 2003 species richness at a point as a function of weighted edge density in 1000 m buffers.

Species richness along a gradient of urbanization

None of the simple (single parameter) models were the best fitting models explaining species
richness along this gradient. Instead, the best models were those that included several
parameters, including interactions, and multiple spatial scales. This should be considered a
general phenomenon of avian species richness. Multiple scales and multiple parameters have
been found to be important in determining avian species richness in urban (e.g., Jokimäki and
Kaisanlahti-Jokimäki, 2003; Melles et al., 2003) as well as nonurban (e.g., Mitchell et al.,
2001) settings. These results might be expected since birds are thought to select habitat on
various spatial scales from regional to microhabitat (Block and Brennan, 1993). However,

Table 8. Characteristics of the second top-ranked model explaining per-point species richness in 2003

Wald 95%
Variable Coefficient Standard error Confidence interval χ -square Pr > χ -square

Intercept 2.080 0.200 1.689 2.471 108.500 <.0001

WEDK −0.443 0.047 −0.535 −0.350 87.570 <.0001

M2 −0.435 0.231 −0.887 0.018 3.550 0.060

WEDK ∗ M2 0.190 0.060 0.073 0.306 10.110 0.002

TK 2.161 0.203 1.763 2.559 113.260 <.0001

Scale 1.012 0.000 1.012 1.012
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Figure 6. 2003 species richness at a point as a function of the proportion of mixed hardhoods in 200 m buffers
and (B) transitional cover in 1000 m buffers.

our results differed from several studies that found local variables to be more important than
regional variables (e.g.., Clergaeu et al., 2001; Jokimäki and Kaisanlahti-Jokimäki, 2003).
Instead, we found that our large-scale parameters were the most meaningful (i.e. the largest
regression coefficients).

Despite the prevalence of the fragmentation paradigm in ecological studies, we did not
find that forest fragmentation had an influence on species richness in our landscape. Indeed,
only one of the landscape configuration variables was included in the top models. Rather,
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large-scale urban and large-scale transitional cover were the two most important parameters
for 2002 (Table 7) and 2003 (Table 8), respectively. As landscape studies increase in spatial
extent, this too, is becoming a common result for large-scale studies using remote sensed
data (e.g., McGarigal and McComb, 1995; Trzcinski et al., 1999). The relationship between
untransformed land use parameters (urbanization and transitional cover) and species rich-
ness appeared to be monotonic, unlike several other studies that found maximum species
richness at intermediate levels of urbanization (e.g., Aldrich and Coffin, 1981; Blair, 1996;
Clergeau et al., 1998 but see Cam et al., 2000). Species richness of neotropical migrants
drops precipitously with increasing urban cover from a maximum of eleven species/point
to zero species/point at the highest level of urbanization (figure 4). The point of inflection
appears to be about 15% urban cover. This suggests that neotropical migrants, as a group,
are highly sensitive to urbanization and can only tolerate low levels of urbanization in their
landscape during the breeding season.

The effect of urban cover on species richness was negative, as one might expect, but the
large-scale effect of urbanization may not yet be well recognized. Urbanization has been the
focus of several studies but the scales have usually been much smaller. For example, Blair’s
(1996) study of urbanization consisted of three sites within 3 km of an urban area (Stanford,
CA) and buffers of ∼50 m radius around each point. A disadvantage of small-scale studies
is that they cannot incorporate the effects of the surrounding matrix on smaller habitats.
A number of ecological processes, such as dispersal, are large-scale phenomena that may
play an important role in determining local species richness and are likely to be affected by
matrix habitat (Stamps et al., 1987).

Species responses

Nearly all the neotropical migrants were associated with areas with very little (<15%)
or no large-scale urban development (figure 7). None of the species were associated with
habitats dominated by urban habitat. Killdeer was associated with the highest proportion
of urban cover and was also the most variable. This species can be found in gravel lots
within Columbus city limits as well as on farms in more rural areas (personal observation).
Other species associated with relatively higher levels of urbanization were Great Crested
Flycatcher, Gray Catbird and Purple Martin. Those species associated with no large-scale
urban cover were Ovenbird and Worm-eating Warbler. Species typically associated with
disturbance were not associated with higher levels of urbanization relative to other migrant
guilds nor did they appear to be more variable in their use of urbanizing landscapes.

Worm-eating Warbler, Scarlet Tanager, Ovenbird, Black-and-white Warbler, and Aca-
dian Flycatcher were associated with little or no transitional habitat in either mid- or
large scales (figures 8 and 9) and, with the exception of Acadian Flycatcher, these same
species preferred landscapes that were dominated by mixed-hardwoods (figures 8 and 10).
No species were associated with habitats that were predominately transitional but those
species that relatively preferred large-scale transitional cover were Orchard Oriole, House
Wren, Prairie Warbler, and White-eyed Vireo (figure 9). Species found in areas with rela-
tively large amounts of contrasting edges (e.g., forest-field or forest-urban) at the landscape
scale were House Wren, Great Crested Flycatcher, Gray Catbird, and Kentucky Warbler
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Figure 7. Relationship between the proportion of urban cover in 1000 m buffers and migrants surveyed during
2002.

Figure 8. Relationship between mixed hardwoods (200 m buffers) and transitional habitat (200 m buffers) and
neotropical migrants in 2002.
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Figure 9. Relationship between transitional cover in 1000 m buffers and neotropical migrants in 2003.

(figure 10). Species that avoided contrasting edges were Yellow-throated Vireos, Worm-
eating Warblers, and Black-and-white Warblers. House Wren, along with Eastern King-
bird, were also associated with relatively low amounts of mid-scale mixed-hardwood cover
(figure 10).

Conservation implications

The Southern Piedmont of the United States has undergone drastic changes and in Georgia
this region was nearly completely deforested by the early 20th century (Turner and Ruscher,
1988). By the mid-20th century, much of the land cleared was regenerating and increasing
the total area of forest and transitional habitats. More recently, however, the total amount of
forest land is decreasing and the proportion of urban cover is increasing. Indeed, compared
to other physiographic areas in the southeastern United States, the Southern Piedmont is
experiencing the highest rate of urbanization (Griffith et al., 2003). This should be alarming
to conservation biologists. Globally, urbanization is known to be associated with decreasing
species richness and has become recognized as a major research area (Marzluff et al., 2001).
We show that minor increases in urban cover can result in dramatic decreases in avian species
richness. Moreover, there are few neotropical migrants that tolerate more than ten percent
of their landscape being urban.

Because of the large-scale of the effects of urban cover, reserves within an urban matrix
are less likely to have as many neotropical migrant species in other settings. Therefore
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Figure 10. Relationship between weighted edge density (1000 m buffer) and mixed hardwoods and neotropical
migrants in 2003.

priority should be given to sites where there is considerably less urban cover in the sur-
rounding landscape. It also requires that the surrounding matrices do not become urbanized.
We suggest that priority should be to reserves in landscapes with less than fifteen percent
urban cover. This level of urbanization will still not be adequate for several species includ-
ing Worm-eating Warbler, Scarlet Tanager, Ovenbird and Black-and-white Warbler. These
species apparently require large tracts of hardwood forest. Designing urban landscapes
that preserve such extensive forest reserves will be a challenge which can only be met by
considerable and progressive planning.
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Appendix I

Table A I. Migrants included in the study and their species codes (from USGS) and encounter frequen-
cies (number of individuals/number of points)

Encounter frequency

Species Code 2002 2003

Killdeer (Charadrius vociferous) KILL 0.0227 0.0050

Yellow-billed Cuckoo (Coccyzus americanus) YBCU 0.1848 0.2466

Chuck-will’s-widow (Caprimulgus carolinensis) CWWI 0.0081 0.2970

Whip-poor-will (C. vociferous) WPPI 0 0.1124

Common Nighthawk (Chordeiles minor) CONI 0.0016 0.0084

Ruby-throated Hummingbird (Archilochus colubris) RUTH 0.0227 0.0034

Eastern Kingbird (Tyrannus tyrannus) EAKI 0.2188 0.0235

Great Crested Flycatcher (Myiarchus crinitus) GCFL 0.2431 0.3289

Eastern Phoebe (Sayornis phoebe) EAPH 0.1297 0.1594

Eastern Wood-Pewee (Contopus virens) EAPW 0.0778 0.1141

Acadian Flycatcher (Empidonax virescens) ACFL 0.046875 0.0386

Orchard Oriole (Icterus spurius) OROR 0.1151 0.0369

Blue Grosbeak (Guiraca caerulea) BLGR 0.3971 0.2432

Indigo Bunting (Passerina cyanea) INBU 0.8703 0.5168

Scarlet Tanager (Piranga olivacea) SCTA 0.0113 0.0319

Summer Tanager (P. rubra) SUTA 0.2577 0.1762

Purple Martin (Progne subis) PUMA 0.4862 0.4899

Red-eyed Vireo (Vireo olivaceus) REVI 0.3598 0.6812

Yellow-throated Vireo (V. flavifrons) YTVI 0.0924 0.1158

White-eyed Vireo (V. griseus) WEVI 0.2577 0.1007

Black-and-white Warbler (Mniotilta varia) BAWW 0.0130 0.0185

Worm-eating Warbler (Helmitheros vermivorus) WEWA 0.0016 0.0168

Northern Parula (Parula americana) NOPA 0.0519 0.0537

Yellow-throated Warbler (Dendroica dominica) YTWA 0.0032 0.0050

Prairie Warbler (D. discolor) PRAW 0.0681 0.0856

Ovenbird (Seiurus aurocapillus) OVEN 0.0016 0.0067

Louisiana Waterthrush (S. motacilla) LOWA 0.0032 0.0017

Kentucky Warbler (Oporornis formosus) KEWA 0.0178 0.0067

Yellow-breasted Chat (Icteria virens) YBCH 0.2869 0.5789

Hooded Warbler (Wilsonia citrina) HOWA 0.105469 0.066038

Gray Catbird (Dumetella carolinensis) GRCA 0.119141 0.04717

House Wren (Troglodytes aedon) HOWR 0.021484 0.003774

Blue-gray Gnatcatcher (Polioptila caerulea) BGGN 0.248047 0.486792

Wood Thrush (Hylocichla mustelina) WOTH 0.478516 0.479245
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