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ABSTRACT PAGE

Many migratory bird species are declining in abundance. Habitat loss and fragmentation
due to urban development is considered a main cause of these declines, and diversity of
bird species generally declines with urban development. However, not all bird species
respond similarly. Our research explores how bird species respond differently to urban
development, according to shared life history traits. We studied the relationship between
bird diversity and urban sprawl using spatial analyses of the U.S. Geological Survey's
Breeding Bird Survey (BBS) and National Land Cover Data (NLCD) datasets and U.S.
Census population data for the Mid-Atlantic Coastal Plain. Environmental parameters
representing landscape composition, landscape structure, and human population density
‘were measured for sites at 300 meter and 1000 meter areas around BBS sub-route study
sites. Landscape data was spatially related to breeding bird diversity, as measured by
species richness, species evenness and bird abundance). Bird diversity was measure for
bird groups identified according to migratory, dietary and habitat groups. Analyses using
mixed linear models indicate that breeding bird diversity responds differently to
urbanization parameters according to these life history traits. Among dietary groups,
insect-eating birds demonstrated the most negative response to urban development, while
birds with generalized diets demonstrated the most positive response. These results
suggest that food resources are changing with urbanization, with naturally occurring food
resources becoming limiting resources for some bird populations, and anthropogenic food
resources augmenting others. Among migratory groups, diversity of neotropical migrants
declines most dramatically with urban development. In order to understand how continued
urban development will affect bird populations and related conservation efforts, future
research must examine urbanization impacts in terms of life history traits and community
interactions.
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INTRODUCTION

Conservation of biological diversify is currently of great interest to the
scientific community in light of increasing human impacts on ecosystems. Loss of
biodiversity is often attributed to habitat loss and fragmentation, which typically
follow human population growth and land use change (Emien 1974, Mills et al.
1989, Brooks et al. 2002). Development restricts natural areas such as grassiand
and forest to smaller patches of land within a matrix of agricultural, residential, and
commercial land use. Development is not easily reversible; recovery of natural
lands after development is rare due to ongoing human population growth, and
often takes many years or decades to return to pre-development conditions.
Therefore, conservation efforts must take into account current land use and
development.

For birds, urban developmeht has been linked to a decline in species
richness and an increase in the abundance of urban-associated species (Cam et
al. 2000, Crooks et al. 2004). Remaining habitat patches in a developed area
typically support fewer species. Development also facilitates the spread of urban-
associated species along corridors of urban land use, potentially leading to a
homogenization of bird communities within and among regions (Blair 2004,
McKinney and Lockwood 2001). Given the current rate of land development,
understanding the factors affecting bird diversity is critical to developing and
implementing appropriate conservation strategies.

Land use changes over time and space impact the composition of wildlife
habitat in a region. This leads to changes in the wildlife community, through

variation in the availability of different habitat classes, as well as specific nesting



requirements for various species (Mills et al. 1989, Blewett and Marzluff 2005).
Fragmentation of natural areas decreases core habitats and increases habitat
edges. In recent years, both grassland and forest interior species groups have
been identified as a high conservation concern (Aldrich and Coffin 1980). This
suggests that urban development may affect bird communities according to their
habitat requirements, by changing the quantity or quality of the habitats.

Urban development may also affect bird communities according to their
foraging guild. The availability of food resources is important in determining
community structure, including species richness and relative abundances (Tilman
1982). Birds may feed on plants, fruit, seeds, insects, other invertebrates, or
vertebrates, according to their dietary guild (Hamel et al. 1982). Any change in
these food resources is likely to impact the avian community. Studies of
urbanization in the tropics have found that avian dietary guilds respond differently
to development; in these studies, low density residential areas favor omnivorous
(often including fruit in the diet) and frugivorous (feeding predominantly on fruits)
birds, while all urban development negatively affects insectivorous and carnivorous
birds. (Canaday 1996, Lim and Sodhi 2004). Food resources seem to play a role
in the impacts of urbanization on avian diversity, but have not been studied in
temperate regions. Examining temperate bird communities according to foraging
guild, as has been done in the tropics, could provide important information on the
effects of urbanization.

. Urban development may also affect bird communities according to their
migratory status. Neotropidal migrants are generally of higher conservation

concern than short-distance migrant and resident birds, and have received more



attention in regards to urbanization (Blewett and Marziuff 2005, Allen and
O’Connor 2000, Donovan et al. 1995). Bird migration strategies may be
associated with birds’ habitat perception on the landscape scale or timing of habitat
choice. Previous studies have found that birds of different migratory status
respond differently to development; in these studies, migrants appear to respond
more to changes in landscape composition and structure associated with
urbanization, generally declining while resident species increase (Aldrich and
Coffin 1980, Mayer and Cameron 2003). No consistent pattern has been
established in this research; these relationships need to be further explored.

Historically the Mid-Atlantic Coastal Plain has been dominated by forest.
Agricultural practices and urban development over the last 400 years have
changed and continue to change the landscape. The Mid-Atlantic Coastal Plain is
experiencing significant population growth and urbanization. Between 1990 and
2000, the human population in the Mid-Atlantic Coastal Plain increased 9.5%, from
15.5 million to almost 17 million (U.S. Census Bureau 2007). The growing human
population has dramatic effects on the regional landscape through agricultural,
residential, and commercial land use change. Between 1992 and 2001, forested
lands declined by 4.8%, agricultural lands declined by 0.5%, and urban lands
increased by 3.1% (U.S. Geological Survey 1992 and 2001). Land use changes
are ongoing and cumulative, reducing opportunities for lands to be used for
conservation purposes.

This study evaluates bird diversity and abundance to explore the role of
different traits affecting breeding bird responses to urbanization in the Mid-Atlantic

Coastal Plain. Our objective was to determine the relative power of dietary,



migratory, and habitat groupings to describe patterns in avian responses to
development. Each of these traits is potentially important in determining bird
habitat selection. We examined land cover and U.S. Census data at two spatial
scales to assess the ability of landscape characteristics combined with species
traits to explain the bird diversity across the Mid-Atlantic Coastal Plain, as
measured by species richness, species evenness, and bird abundance. From
these relationships, we evaluated the relative importance of species’ traits related

to foraging, migration, and habitat in avian responses to urbanization.

METHODS
1. Study Area

The Mid-Atlantic Coastal Plain (MACP) was our study area (diagram A).
We define this area as extending west from the Atlantic Ocean to the fall line
(separating coastal plain from piedmont), bounded on the south by the Virginia-
North Carolina border, and on the north by the New Jersey-New York border. This
area corresponds largely to the U.S. Bureau of Land Management Physiographic
Area 44. This is a suitable study area because the area includes substantial areas

of both rural lands and intense ongoing urbanization.

2. Data collection
2.1 Bird diversity data

Bird count data were collected from the North American Breeding Bird

Survey (BBS). The BBS is organized by the US Geological Survey (USGS) and is
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Diagram A: Map of Mid-Atlantic Coastal Plain with BBS study sites marked.

available from the Patuxent Wildlife Research Center website

(http://www.pwrc.usgs.gov/BBS).

The BBS has been collecting data on breeding birds in North America
annually since 1966. For this study, samples from the years 2000 and 2001 were
used, which aligned temporally with the landscape data available. The data are
collected annually in May and June by competent field observers. The survey
relies on volunteers, and therefore data are not available for every route in every

year. The BBS is an extraordinary data set that provides scientists with much
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valuable data on breeding birds. However, the survey does suffer from data quality
issues that must be addressed in any analysis. First, the USGS categorizes all
BBS data according to internal standards for use in analysis. Any BBS data that
did not fit these criteria were omitted from the analysis. Data from first-time
observers were also omitted, as first-time observers report statistically fewer birds
(Flather and Sauer 1996). The BBS data are biased due to the roadside locations
of point counts, which limit the habitats accessed by BBS and the breadth of BBS
coverage in non-developed areas (Bart_et al. 1995). However, as development
increases, roadside habitats become more representative of the landscape of the
regions. The BBS also avoids heavily developed areas, limiting our ability to
explore urban bird communities. ' Variations in the detectability of birds in various
habitats also bias BBS data, which we acknowledge but do not correct for (Flather
and Sauer 1996). Using these criteria, 65 BBS routes contained valid data for this

study.

BBS data are collected along routes consisting of 50 individual three-minu‘te
point counts of the avian species deteded along a roadside route approximately 40
km long. The scale of a BBS route is not an appropriate scale to observe the
variation in land use in the MACP, as a single route may easily traverse a large
range within the gradient of urban development. Therefore, each BBS route was
subdivided into five sub-route samples for this analysis. Each samples consisted
of ten point counts of birds, spaced over a route approximately 8 km long. A recent
study found that using this structure of sub-samples from BBS provides data at an

appropriate scale to examine bird community data (O’Connell et al. 2007).



] order to focus on the study question, bird diversity and abundance
estimates were determined using only terrestrial species. The species detected by
BBS were identified according to migratory status, foraging guild and habitat
preference. These classifications were assigned using information from species

accounts given in Hamel et al. (1982), unless otherwise noted.

Species migratory status was given as resident, short-distance, or
neotropical. Resident species are commonly found to remain at or near their
breeding grounds year round within the MACP. Short-distance migrants include
species with short-distance migration patterns within or from the MACP, including

| species with variation in individual migration distances. Neotropical migrants
include species which migrate south to the tropics during the non-breeding season,

returning to the MACP at the start of the next breeding season.

Species were identified by foraging guild using information on food habits in
narrative species accounts which identify the breeding season dietary guilds
according to the known food items of each species (Hamel et al. 1982, Gough et
al. 1998). Four dietary guilds were identified: insectivore, carnivore, herbivore and
omnivore. Insectivores eat invertebrate prey, while carnivores each primarily
veﬁebrate prey. Herbivores eat plant material, primarily grain or seed. Omnivores
eat both plant and animal material. Hamel et al. (1982) did not provide information
for all species. Gough et al. (1998) served as a second source of dietary

information when needed.

Habitat preference was identified using information on bird-habitat

relationships during the breeding season. Bird species were grouped as



generalists, or as preferring forested or open land.. Species found commonly in
both habitats and species requiring both forested and open land were classified as
generalists, species commonly found in or requiring mature trees were classified
as forest species, and species commonly found in grassland and scrubland were

classified as open species.

Within each guild, we calculated the species richness and total bird
abundance detected by the BBS for each site. Bird species richness was
determined by the number of species within each guild detected at a étudy site.
Total abundance was the total number of birds within each guild detected for a

given site.

2.2 Landscape data

We analyzed landscape data from within spatial buffers of 300 meters and
1000 meters around each study site. The 300 meter buffer represents the local
habitat in which the birds were detected. Bart et al. (1995) found that 300 meter:s
corresponds to the area in which birds could generally be detected by BBS point
counts. The 1000 meter buffer reflects a landscape scale to include breeding
territory habitat and surrounding lands. This scale is commonly considered in-
landscape ecology research involving birds and often found to provide explanatory

information (Cam et al. 2000, Fearer et al. 2007).

The BBS data were spatially aligned with landscape data as geographically
referenced grids using Environmental Systems Research Institute (ESRI) software

Arcview 3.2 and ArcGIS. The BBS study site grids were created from a USGS



shapefile, in which features represent BBS routes. The shapefile is geo-referenced
using an adjusted Albers-Equal Area Conical projection, as defined in the shapefile
metadata (USGS Patuxent Wildlife Research Center 2007). Each BBS route with
applicable data was split into five separate line features, representing the five
segments, or study sites, for that BBS route. For almost all routes, the segments
were delineated using the actual BBS maps of survey locations. The electronic file
was compared to individual route maps to determine the locations of point counts.
These point locations were used to divide each route into five sub-route sites.
Many routes have portions of highway or large road where no point counts occur;
these sections were removed from the site’s line feature for this analysis. In a few
cases, the map of actual survey locations was not available. In this case, point
counts were assumed to be exactly 0.80 km apart, and the route feature was split
to create five segments of equal length. The resulting 325 individual line features

represented our study sites.

2.2.1 Land cover data

Landscape variables were coliected from the 2001 USGS National Land
Cover Data (NLCD), which is available from the Multi-Resolution Land
Characterization Consortium website (http://www.mrlc.gov/imric2k_nicd_map.asp).
The NLCD are available as grids with a resolution of 30 meter cells, each of which
is coded with the dominant land cover within that cell. Land cover categories
describe agricultural (pasture, row crops, orchards), anthropogenic development

(low,’medium, and high density residential, commercial/industrial), and natural


http://www.mrlc.gov/mrlc2k_nlcd_map.asp

areas such as grassland, scrubland, and forest (deciduous, evergreen or mixed).
Because of variation in the shape of BBS routes, the study sites did not all have
equal areas. Therefore landscape composition was represented by the total
proportion of agriculture (cultivated crop and pasture/hay) and forest (deciduous,
evergreen and mixed). Landscape structure was parameterized using Fragstats
software to represent forest fragmentation. Degree of forest fragmentation was
estimated by patch density of forest land, calculated as the number of forest

patches per hectare at each site.

2.2.2 Urban development data

Twa parameters of urban development were used in this study: impervious
surface and human population density. The 2001 NLCD characterizes developed
areas based on a within-cell percent impervious surface metric. Therefore, we
used the mean impervious surface at each site to represent urban development,
which was then log-transformed. Impervious surface indicates the presence of
roads, buildings, and other man-made structures, which correspond to the loss and
fragmentation of bird habitat. This represents a specific change to the landscape

caused by development.

Urban development was also estimated by the human population density at
each site. Population data were collected from the 2000 U.S. Census. The U.S.
Census data is collected in geo-referenced census blocks, which are available as
TIGER/Line shapefiles. The census blocks were converted to a grid with a 30

meter cell size, to correspond to the study sites and NLCD data. Human
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population density was calculated from the proportion of each census block at the

site, and the population density of each census block.

2.3 Analysis

Data from the BBS were used to examine the importance of species traits
related to migration, diet and habitat preference in determining bird diversity across
a gradient of land use. The BBS count data fit an overdispersed Poisson
distribution and contained excessive zero-count cells. Therefore, the data were
analyzed using generalized linear modeling that examined avian species richness
and abundance at each study site as Quasi-poisson distributed dependent
variables. The model included effects of year, location, landscape variables and
bird classifications. Because the same observer collected the data for the five
study sites within each route on the same day and in the same geographic region,
we expect the data within each BBS route to be correlated with each other.
Similarly, geographic patterns in bird distributions suggest that nearby BBS routes
will also correlate with each other (Thogmartin et al. 2004). The effects of location
were addressed b/y .incorporatir{g latitude and longitude into the model as
covariates, and BBS route and segment numbers as factors.

Landscape variables were expected a priori to be correlated, so a principal
components analysis was performed on the correlation matrix of éll five landscape
variables. In order to normalize the data, NLCD forest composition and structure

parameters were square-root transformed and urban development parameters

were log transformed prior to the principal components analysis. The principal
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component variables (PCs) were applied to the generalized linear model to
examine bird diversity and abundance against these landscape gradients and the
species classification factors (migratory and foraging). Habitat preference was not
included in the initial analysis, to prevent any confounding with landscape
variables. Model selection removed non-explanatory variables in a stepwise
manner to identify the simplest model with the highest explanatory power for
species richness and abundance, according to adjusted R? values. Adjusted R?
values for over-dispersed Poisson distributed data were calculated according to
methods developed by Heinzl and Mittlbéck (2003) using model deviance.
Analysis of variance was also run on each set of models to verify the simplest

model that re}ained explanatory power.

RESULTS
3.1 Sites analyzed

This study examined 250 sites along 50 BBS routes in 2000, and 255 sites
along 55 BBS routes in 2001. Though BBS, like many ecological surveys, does
not collect data across the complete gradient of urbanization, data are available for
undeveloped, agricultural and suburban areas. In 2001, the land within 1000
meters of these sites contained on average 38 + 19 % forest, 40 £ 21 % agriculture
23+ 17% cultivatéd crops and 17 £ 12 % pasture and hay), 13 + 16 % developed,
10 + 11% wetland, 0.4 + 0.2 % barren, and 0 % each grassland and scrubland.
Compared to the overall landscape of the MACP, the study sites may over-
represent agriculture and under-represent forest lands, but otherwise match the

regional landscape closely. This bias is likely due to the prevalence of secondary

12



roads through agricultural areas compared to forested areas. According to the
NLCD data, the entire MACP in 2001 comprised 40% forest, 31% agriculture (18%
cultivated crops and 13% pasture and hay), 13% developed, 13% wetland, 2%
barren, and <1 % each grassland and scrubland. With the exception of the
relatively rare barren land class, these regional values all fall within one standard
deviation of the site averages. Land within 300 meters of these sites is further
biased towards agriculture, with an average 33 + 19 % forest, 45+ 24 %
agriculture (26 £+ 18 % cuitivated crops and 19 £ 14 % pasture and hay), 12118 %
developed, 8 + 9 % wetland, 2 + 2 % barren, and 0 % each grassland and

scrubland.

Human population density and percent impervious surface were also
compared between the study sites and the general study area. Human population
density at the study sites averaged 2.07 + 5.07 people per hectare. These values
are representative of the average population density of the MACP (2.18 people per
hectare). The population density found at study sites ranged from 0 people per
hectare to approximately 77 people per hectare, which accounts for the variation
found within the MACP landscape. Impervious surface in the MACP averages 4.5
% of the landscape. The study sites, despite following roadside routes, have a -
mean impervious surface of 3.8 £ 7.5 % within the 300 meter buffer, and 2.9+ 5.4
% within the 1000 meter buffer. The maximum within 300 meters of a study site
was 68.9%; within 1000 meters the maximum was 33.5 % impervious surface.
Human population density and impervious surface at the study sites also represent

the Mid-Atlantic Coastal Plain fairly well.
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3.2 Principal components analysis

Human population density and impervious surface were correlated within
the range of our data. (slope = 0.723, p < 2x10™'®, R? = 0.549), and both agriculture
and forest had a weak negative relationship to impervious surface. To address the
relatedness of the landscape variables, a principal components analysis was
performed for each buffer size. The resulting principal components (PCs) were
similar for the 300 meter and the 1000 meter areas. PC1 roughly corresponds to
the gradient from agriculture and forest to urban development and forest
fragmentation, representing 44% of the variation in the landscape. PC2 roughly
corresponds to the gradient from forest to agriculture, representing an additional
28-30% of the variation in the landscape. PC3 represents the gradient of forest
fragmentation by agriculture, explaining an additional 15.4% of the variation in the
landscape (Table 1). Because principal components 1, 2 and 3 described the
major gradients in the landscape and explained over 85% of the variance in the
landscape parameters, only these PCs were applied to the analysis of breeding

bird diversity.

3.3 Breeding bird diversily.

| examined bird count data for 115 species belonging to 35 families
(Appendix 1). These species were distributed across four dietary groups (66
insectivores, 32 omnivores, 14 carnivores, and 3 herbivores), three migration

strategies (56 neotropical migrants, 39 short-distance migrants and 20 year-round

residents) and three habitat preferences (566 forest species, 49 open species and
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Table 1. Results of principal components analysis of landscape variables given as
the loading of each landscape variable on each principal component. Loadings are
given for landscape variables at each of two spatial scales (300 meters and 1000
meters). The percent variance explained by each principal component is also
given. Principal components 1-3 were used in the analysis of breeding bird
diversity, as cumulatively they explained >85% of the variance in the landscape
parameters.

Scale | Landscape parameter | PC1 | PC2 | PC3 | PC4 | PC5

7300 | % Impervious surface | 0.615 | 0.159 ' -0.240  -0.208  0.704

_ 300 | Human pop. density 0572 0.215 -0.081 - 0695 -0.370
300 | % Forest _ -0.104 | -0.751 ' -0.068 . 0.518 0.391
300 | % Agriculture o -0.381 j 0. 5_58 MQ_ §7_§ 0.432 0.463

300 | Forest patch denSIty 0.372 | -0.231 ! 0.889 . -0.136 -0.010

Variance Explained 43.8% ; 30% . 15.4%  7.8% . 2.9%

1000 | % Impervious surface | 0.624 -0.054 . -0.304 . -0.120 0.708

1000 | Human pop. density | 0.586~ 0.061 _ -0.267 0544 -0.534
1000 | % Forest | -0.271_-0.668 . -0.025, 0.632 0.284
1000 | % Agriculture | -0.189 " 0731, 0.115' 0534 0.362

1000 | Forest patch densny ©0.398 ; -0.111: 0.907 0.070 0.041

Variance Explained | 43.6% ' 28% 15.4% 10.3%  2.7%

10 generalist species). Seven species were detected only once at our study sites.
On average, 183.8 + 88.4 individual birds were detected at each sub-route site in a

given year, belbnging to 34.8 + 8.4 species (Appendix 2).

3.4 Generalized linear models

My analysis found that bird communities to vary in their responses to
urbanization according to migratory status, diet or habitat (Table 2). The best fit
models were those using that examined bird diversity according to these traits.
Bird diversity was best explained by models using bird species diets (adjusted R2

ranged from .735 to .950.) Subdividing the bird community by more than one trait
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led to greater heteroscedasticity in the data and poorer model fit. Specific bird
diversity patterns across the gradient of development varied according to trait
categories and often varied from the overall trends in the bird community. Species
richness and evenness were most closely correlated to the landscape within 1000
meters of the study route, while bird abundance was better described by the local
landscape within 300 meters of the route. Observed trends related to forest
fragmentation (PC3) were controlied largely by very few relatively unfragmented

sites; therefore the specific results presented focus on PC1 and PC2.

3.4.1 Models using diet

Models using diet to group bird species explained the most variation in
species richness (Rp’ = .950; Table 2). Species richness of insectivores was
highest in forested landscapes, carnivores and omnivores in agricultural
landscapes, and herbivores in developed areas (Diagram A). However, very few
species beloﬁged to the herbivore category, and their trends are explained by
urban rock pigeons. Species richness of carnivores correlated positively with
agriculture and forest fragmentation and negatively with urban development
(impervious surface and human population density). Lower species richness of
insectivores corresponded most strongly to im‘pervious surface and population
density (PC1), though also to agriculture (PC2) and forest fragmentation (PC3).
Omnivore species richness correlated positively to agriculture and forest
fragmentation, and negatively to both forest and urban development, though to a
lesser extent than other groups (Appendix 3). Year, latitude and longitude were

not significant factors in species richness models (p>0.05), and were excluded
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Table 2. Summary model comparison of bird diversity (species richness, species
evenness, or abundance) modeled by bird species trait, location, and landscape.
Landscape scale (300 meter or 1000 meter) is given for each model in
parentheses. Adjusted R? is given as for goodness of fit. Rp? indicates an
adjusted R? that is based on model deviance for over-dispersed Poisson
distributed data (Heinzl and Mittlbéck, 2003). The asterisk (*) indicates that
individual variables and interactions were part of the model [*(PC1 + PC2)*diet”
indicates that PC1, PC2, diet, PC1:diet interactions, and PC2:diet interactions were
significant].

Response

Variable Model Summary (landscape scale) R?

Species Richness Rp?
route + segment + (PC1+PC2 + PC3)*diet (1000) .950
route + segment + (PC1+PC2 + PC3)*habitat (1000) .809
route + segment + (PC1+PC2 + PC3)*migration (1000) 743

Species Evenness _ R?
route + segment + (PC1+PC2 + PC3)*diet (1000) .735
route + (PC1+PC2 + PC3)*habitat (1000) 574
route + segment + (PC1+PC2 + PC3)*migration (1000) .313

Abundance Rp?
route + segment + (PC1+PC2 + PC3)*diet (1000) .840
route + segment + (PC1+PC2 + PC3)*migration (300) 792
route + segment + (PC1+PC2 + PC3)*habitat (300) .698

from the best fit model. Route and segment had significant effects on species
richness, unrelated to landscape composition and structure. These effects were
therefore included in the best fit models. The effect of BBS route segment
indicated consistently higher species richness and abundance detected at mid-
route sites. This may be related to the diurnal activity patterns of many bird
species, and possibly to observer error, such as lower detection rates at the start of
aroute. After accounting for route and segment effects, diet was a significant
predictor of species richness across the urban gradient, with insectivores

responding most negatively to development.
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Species evenness was also best explained in models that grouped birds
according to diet (R? = .735; Diagram A). _For the generally diverse insectivore and
omnivore groups, species evenness declined with urban development (PC1) and
agriculture (PC2). However, omnivores maintained more species evenness in
agricultural areas than insectivores. Species evenness for herbivores and
omnivores was very low, confounded by to the limited species pools. Omnivores
and insectivores both showed relatively high speciés evenness across the
landscape.

Abundance patterns for dietary groups paralleled species richness patterns
across the gradient of development (PC1), with more omnivores and herbivores,
and fewer insectivores and carnivores in urbanized areas. The low numbers of
abundances for herbivores and carnivores provide little useful interpretation, so the
trends presented focus on insectivores and omnivores (Diagram A). Across the
agricultural land use gradient, abundance of both omnivores and insectivores
increased, though the trend was more pronounced in insectivores. Overall, distinct
patterns of bird abundance across different land use weré also linked to dietary

groups (Rp? = .840).

3.4.2 Models using migration

Models using migratory status to group bird species also explained
significant variation in species richness (Rp” = .743; Table 2). Species richness of
neotropical migrant species richness responded most dramatically to the
landscape parameters, corresponding strongly to greater proportion of forest lands,

and lower levels of impervious surface and human population density (PC1; see
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Diagram A. Trends and confidence intervals for species diversity (richness,
evenness, and bird abundance) according to diet groups along PC gradients.
(Insectivore: Blue, Omnivore: Red, Carnivore: Purple, Herbivore: Orange)

a. Species Richness

PC1 (Development) PC2 (Agriculture)

b. Species Evenness

PC1 (Development) PC2 (Agriculture)

c. Bird Abundance

PC1 (Development) PC2 (Agriculture)
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Diagram B). Short-distance migrants responded to landscape changes less
dramatically, with greatest species richness corresponding to agricultural land
(PC2). Resident species richness had a much weaker relationship with the
landscape, increasing very slightly with impervious surface and human population
density (PC1). Overall, neotropical migrant diversity was typically associated with
forest habitat and declined more dramatically than other migratory groups in
urbanized areas. Short-distance migrants and resident birds had greatest species
richness in fragmented agricultural landscapes, but short-distance migrants also
declined with urban development.

Migratory status was not strongly related to species evenness (R = .313;
Diagram B), but was linked to species richness (Rp? =.743) bird abundance (Rp’
= .792). Species richness of neotropical migrants was lower at sites with increased
impervious surface and human population density (PC1), but higher at agricultural
sites (PC2; Diagram B). Short-distance migrants showed slight patterns of higher
species richness at more urban sites and lower species richness at agricultural
sites. Species richness of residents demonstrated patterns similar to short-
distance migrants, but even less pronounced. Abundance of neotropical migrants
declined in relation to both development and agriculture. Both short distance
migrants and residents were slightly more abundant at sites with more urban or
agricultural development. Short-distance migrant abundance increased particularly
at agricultural sites. Urban development and land use gradients were related to
distinct patterns of species richness and abundance within the different migratory

groups of birds.
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Diagram B. Trends and confidence intervals for species diversity (richness,
evenness, and bird abundance) according to migratory groups along PC gradients.
(Neotropical: Red, Resident: Blue, Short-distance: Purple)

a. Species Richness

PC1 (Development) PC2 (Agriculture)

b. Species Evenness

PC 1 (Development) PC2 (Agnculture)

¢. Bird Abundance

PC1 (Development) PC2 (Agriculture)



3.4.3 Models using habitat

Models that grouped birds by habitat preference also explained species
richness (Rp” = .809; Table 2), species evenness (R? = .574) and bird abundance
(Rp? = .698) across the study sites. Species richness and species evenness of all
habitat groups declined at sites with greater urban development (PC1; Diagram C).
However, species richness and species evenness of forest birds and generalists
was higher at agricultural sites, while that of birds preferring open habitat was
lower. This could be explained in that detection probabilities are generally greater
in simplified landscapes like agricultural areas, particularly for birds that typically
perch off the ground. Birds preferring open habitat were more abundant at sites
with greater urban or agricultural development; this group’s trends match those of
the overall bird community, with greater abundance and fewer species associated
with development. Forest birds were less abundant at sites with urban or
agricultural development. Habitat generalists were also less abundant at more

urbanized sites, but more abundant at agricuitural sites.

DISCUSSION
4.1 Analytical methods for BBS data

Studies examining bird diversity according to shared species traits are a
cost-effective and efficient means to observing broad community responses to
environmental change. The BBS provides a valuable tool for observing spatial
and temporal trends in bird diversity and abundance, and the availability of data at

the sub-route level allows for comprehensive and scale-appropriate landscape

22



Diagram C. Trends and confidence intervals for species diversity (richness,
evenness, and bird abundance) according to habitat groups along PC gradients.
(Forest: Red, Open: Blue, Generalist: Purple)

a. Species Richness

PC1 (Development) PC2 (Agriculture)

b. Species Evenness

PC1 (Development)

c. Bird Abundance

PC1 (Development)
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analysis of this dataset. The use of sub-route sites for analysis of BBS data was
found to be an effective means of exploring community-wide effects of landscape
on breeding bird diversity. The BBS sites were found to be representative of the
overall landscape of the Mid-Atlantic Coastal Plain. BBS sites have also been
found to be consistent with the surrounding landscape in other areas nearby, with
the actual landscape composition within one standard deviation of the average
BBS site. Roadside point count data, while biased, are becoming more
re‘bresentative of regional landscapes due to the degree of urban development in
the eastern U.S. (O’Connell et al. 2007). The landscape within a local (300 meter)
buffer and a landscape (1000 meter) buffer was found to be significantly related to
the local breeding bird diversity, as seen in other studies (Drapeau et al. 2000,

Cam et al. 2000, Fearer et al. 2007).

4.2 Urban development parameters

Human population density and percent impervious surface were highly
correlated, which indicates that they provide similar estimates of the urban
development and associated human disturbance of a landscape. These variables
were the main components of principal component 1, against which bird species
richness, evenness and abundance responded significantly, suggesting that both
may serve as effective indices for future studies of bird populations in developing
areas. Human population density has potential to allow for extrapolation into both

the past and future, for example using the decennial census figures from the U.S.
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Census. Future studies should examine the appropriateness of impervious surface

or human population density according to the specific study.

4.3 Bird diversity

This study examined trends in bird diversity across a range of site
embedded in a gradient of human development. For the overall bird community,
species richness declines with urban development, but bird abundance increases
due to greater bird densities in urban areas (Crooks et al. 2004, Allen and
O’Connor 2000). However, | found that species richness and abundance relate in
similar ways to urban development for subsets of the bird community grouped by
life history traits. Species life history traits are important links between the
dynamicé of individual species / populations and the dynamics of the bird
community as a whole. These traits identify the “winners” and “losers” of urban
development as a large-scale landscape change. While this étudy looked at sites
distributed across a gradient of urbanization at a given time, previous research has
shown that trends seen across a range of land uses at a given time correspond to
trends seen over time with changes in land use in a given' location, suggesting
there is great potential for changes over time in a local bird community with
development (Aldrich and Coffin 1980). Also, while detection probability varies
among species, changes in detection probability across landscapes are not likely
to artificially decrease overall bird counts at sites with greater urban or agricultural

land cover.
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The abundance and species richness of neotropical migrants declined most
dramatically with urban development (Diagram B). Resident bird species richness
and abundance was less sensitive to Changes in land use gradients, and
development led to greater species richness and abundances in areas disturbed by
development. Declines in species evenness for neotropical migrants and residents
at more urbanized sites indicate that a minority of these species are successful in
developed areas. Existing hypotheses propose that the decline of neotropical
migrant abundance and species richness may be due to differences in
susceptibility of migrants and residents to habitat fragmentation, which is
commonly caused by development, or by differences in susceptibility to severe
weather or ecological tolerances among migratory groups (Flather and Sauer
1996). In addition, resident species that are wiIIing‘to breed in developed areas will
be more likely to adapt to changes in environmental conditions due to
development, allowing increases to continue over time. Migratory groups appear
to be differentially susceptible to environmental stressors associated with urban
development, which indicates a pattern of shared life history strategies and traits
within migratory groups.

Similarly, abundance and species richness of insecti\;ores and carnivores
was lower in areas of urban development, while that of omnivores was maintained
or slightly higher with development. These responses of bird diversity in the
temperate region are consistent with the patterns recorded in the tropics, where
diet has been an important predictor of bird abundances in tropical areas of

urbanization (Sigel et al. 2006, Lim and Sodhi 2004). Patterns in tropical bird
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abundance find granivore/herbivore abundance most associated with development
and relatively stable or increased omnivore abundances. However, temperate
insectivore patterns did vary from the patterns in the tropics in that insectivore
abundance in the coastal plain stayed fairly constant in relation to urban
development, contrary to patterns in the tropics where insectivore abundance
declines with development (Canaday 1996). Omnivores and herbivores were

| proportionally more abundant in developed areas, which has been seen in
temperate lakeshore assemblages (Allen and O’Connor 2000). The abundance
patterns in the coastal plain are consistent with the hypothesis that resource
limitation is an important factor in determining bird abundances across a range of
habitats. These urban declines in insectivore and carnivore species richness may
be related to resource limitation directly (food limitation caused by changes or
declines in the prey base) or through competition (from disturbance adapted
omnivores) and increased habitat sensitivity in insectivores due to their high
degree of ecological specialization (Canaday 1996). In general these groupings
had lower species evenness at both urban and agricultural sites, indicating that
even within these groups, there are winners and losers. Overall, insectivores were
most susceptible to stressors associated with development.

While open-habitat birds mirrored the overall pattern of lower species
richness and greater abundance at developed sites, forest birds were less
specious and less abundant at developed sites. Forest bird species richness
increased at agricultural sites, but abundance decreased; this anomaly may be due

to greater detection probabilities for some forest bird species. Both species
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richness and abundance of habitat generalists also decreased in species richness
and abundance with urban development, but increased at agricultural sites.
These stressors associated with urban development may include
competition for limiting resources, predation and other factors (Blair 2004). Food
and nest sites have been identified as potential determinants in urban bird
assemblages as limiting resources (Lim and Sodhi 2004, Blewett and Marziuff
2005). Stressors in developed areas may also differentially affect species
according to the strategies used to find and collect food. Further research is
needed to better understand what mechanisms contribute to the different patterns

of species richness in developed areas according to migratory groups.

4.5 Resource limitation

One mechanism that may influence bird diversity of migratory or dietary
groups in urbanized landscapes is resource limitation. By definition, urban
development limits the quantity of available land that can be used for bird habitat.
The remaining habitat areas may also be of lower quality than habitat in
undeveloped areas, which could render it unusable for species with specific habitat
or resource requirements. Specific nesting sites are an example of a resource that
may be limiting in developed areas. For example, developed areas contain fewer
and lower quality snags, which provide nest sites for cavify nesting speciés, than
undisturbed forest (Blewett and Marzluff 2005). Food resources may also change
with development. Anthropogenic food sources may replace or augment natural

food resources for some generalist species. Limitation of food resources is also
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cited as a potential factor in bird diversity changes with urban development with
regards to changing prey base or foraging sites for insectivores (Blewett and
Marzluff 2005, Lim and Sodhi 2004). The decrease in stream insect diversity with
impervious surface provides some support for this hypothesis of resource limitation
in association with development (Morse et al. 2003). Changes in the prey base
may exclude specialized insectivores or lead to increa§ed competition for food
resources, while omnivores and granivores may exploit anthropogenic food

sources unavailable to insectivores.

4.6 Invasive species

Human development of the landscape is as a form of disturbance, which
often increases the chances of invasion by exotic or introduced species (Hobbs
and Huenneke 1996). Species able to successfully invade following introductions
often occur commonly in areas of disturbance. Human disturbance through urban
development can promote the spread of introduced species across the landscape,
confounding the problem of disturbanqe and habitat loss for native species.
Invading speciés for North American birds include both avian competitors and
novel predators. Several species of bird have been successfully introduced into
North America and are now found commonly in many regions. These birds
compete with native species for limited resources, and often benefit from a longer
evolutionary history of close contact with human disturbance and urban
development. Predation may vary with urban development due to exotic predators

such as domestic cats and changes in the natural predator community. However,
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the overall difference in predation risk associated with development remains
unclear (Blair 2004). Many studies find an overall decrease in predation (Anderies
et al. 2007), but a different predator community in developed areas may relate to a
_shift in how predation affects different groups within the bird community. Habitat -
fragmentation may also cause increased brood-parasitism by edge-associated

species such as the brown-headed cowbird (Lloyd et al. 2005).

4.7 Implications for regional bird communities

Homogenization of bird communities on the regional and national scale is
increasingly becoming a reality due to urban development. Blair (2004) and
Crooks et al. (2004) found that the similarity of bird community composition
between sites in California and Ohio was significantly correlated to the degree of
urbanization at each site. Species associated with urban sites in California and
Ohio in these studies (American Robin, House Finch, House Sparrow, Mourning
Dove, Rock Pigeon, European Starling, Northern Mockingbird) were also found at
MACP sites. All species but Rock Pigeon were found at over 60% of the MACP
study sites. These species, many of which are introduced in North America,
demonstrate that bird community homogenization is occurring in developed

landscapes on a national scale.

4.8 Implications for future conservation and research
Neotropical migrants and insectivores appear most sensitive to urban

development in ecologically diverse regions. It is critical that conservation efforts
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and land management account for these sensitive species and species with life
histories specialized to a given environment and set of resources. The high
conservation priority given to many species of insectivorous neotropical migrants
highlights the importance of addressing these landscape level effects of urban
development on bird diversity. Avian declines caused by urban development are
exacerbated by lower nesting success of migratory birds associated with forest
fragmentation (Robinson et al. 1995). Conservation plans which address these
species groups must prioritize the protection of large reserves of undisturbed land.
Similarly, regional conservatioh efforts must be planned and carried out in context
of the regional land use and an understanding of the limitations of the pand as bird
habitat. By understanding the land available and its utility for various species,
conservation biologists may better manage undeveloped lands to protect the
species most at-risk.

Future research is needed to better understand the mechanisms driving
bird — landscape interactions. Conservation efforts will benefit greatly from studies
which elucidate the mechanisms that drive habitat selection in birds. Examining
the mechanisms driving habitat selection and the changes in urban bird diversity
will provide insight into mitigation strategies and potentially provide greater
opportunity for conservation within developed landscapes. Community and guild-
based analyses and species-specific studies will complement each othér to

improve our understanding of the relationships between birds and their habitats.
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