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A B S T R A C T

Characteristics of buildings and land cover surrounding buildings influence the number of bird-window colli-
sions, yet little is known about whether bird-window collisions are associated with urbanization at large spatial
scales. We initiated a continent-wide study in North America to assess how bird-window collision mortality is
influenced by building characteristics, landscaping around buildings, and regional urbanization. In autumn
2014, researchers at 40 sites (N = 281 buildings) used standardized protocols to document collision mortality of
birds, evaluate building characteristics, and measure local land cover and regional urbanization. Overall, 324
bird carcasses were observed (range = 0–34 per site) representing 71 species. Consistent with previous studies,
we found that building size had a strong positive effect on bird-window collision mortality, but the strength of
the effect on mortality depended on regional urbanization. The positive relationship between collision mortality
and building size was greatest at large buildings in regions of low urbanization, locally extensive lawns, and low-
density structures. Collision mortality was consistently low for small buildings, regardless of large-scale urba-
nization. The mechanisms shaping broad-scale variation in collision mortality during seasonal migration may be
related to habitat selection at a hierarchy of scales and behavioral divergence between urban and rural bird
populations. These results suggest that collision prevention measures should be prioritized at large buildings in
regions of low urbanization throughout North America.

1. Introduction

Annual avian mortality resulting from collisions with buildings is
estimated at nearly 1 billion birds in North America (Klem, 1990;
Machtans et al., 2013; Loss et al., 2014). Numerous bird species are
affected by bird-building collisions, including species of conservation
concern (Machtans et al., 2013; Loss et al., 2014). Nocturnally mi-
grating birds are known to strike the windows of buildings in large
cities after becoming attracted to and disoriented by artificial lighting
or when low cloud cover forces individuals to fly at altitudes below the
top of many sky scrapers (Longcore and Rich, 2004). During the day-
time hours, birds may strike windows after mistaking the reflected
environment in sheet glass for habitat and open flight space (Klem,
1989; Martin, 2011).

Window collision risk is primarily related to structural features of
buildings and land cover features immediately surrounding buildings.
For example, mortality is highest at large buildings with many windows
and lowest at small structures with proportionately fewer windows
(O'Connell, 2001; Hager et al., 2008, 2013; Klem et al., 2009; Machtans
et al., 2013; Loss et al., 2014; Kahle et al., 2016; Ocampo-Peñuela et al.,
2016). Moreover, bird-window collisions are more frequent at buildings
surrounded by low levels of impervious surfaces (e.g., paved roadways,
sidewalks, and parking lots) and structures (e.g., buildings) (Hager
et al., 2013; Cusa et al., 2015). Differences in building size and the
patchy nature of development in cities and towns create strong spatial
variation in the number of birds that collide with glass (Bayne et al.,
2012; Hager et al., 2013; Machtans et al., 2013; Loss et al., 2014).

Although building characteristics and local land cover are important
drivers of bird-window collisions, we do not understand how

urbanization at large spatial scales affects collision mortality. Regional
urbanization may influence mortality by mediating bird community
structure and abundance (e.g., Blair, 1996, Pennington et al., 2008),
particularly if there is covariation between species distributions and
susceptibility of species to collisions. Urbanization may also affect bird-
window collisions by shaping intraspecific variation in behavioral traits
associated with collision risk, such as flight behavior. For example,
behavioral divergence is commonly found between urban and non-
urban bird populations due to phenotypic plasticity or adaptation (Sol
et al., 2013). The degree of broad-scale urbanization may work with
local-scale factors to affect collision risk in an additive fashion. Alter-
natively, associations between urbanization and either community
structure or behavioral traits may lead to variation in the effects of
building features and landscaping on collision risk between urban and
rural areas.

Our objective was to examine how local factors (i.e., building
structural features and land cover) and large-scale urbanization to-
gether affect continent-wide variation in bird-window collision mor-
tality. We monitored buildings that varied in size and land cover types
for collision mortality at 40 locations across North America during the
autumn migratory season, and then examined the relative effects of
building size, local land cover, and regional urbanization on collisions.
We included models with interaction terms to determine if the effects of
building size and local land cover on collision mortality depended on
broad-scale urbanization. Knowledge of local and regional-scale drivers
of bird-window collisions would assist in prioritizing mitigation mea-
sures aimed at reducing collision mortality at the riskiest structures and
landscapes in North America.
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