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EXECUTIVE SUMMARY 

 

Birds provide substantial ecosystem services such as pest control and act as indicators of 

environmental health. Diverse, widespread, and conspicuous, they have also helped advance our 

understanding of how ecological communities function. Unfortunately, human activities are now 

adversely affecting many bird species, driving populations downward.  

 

While major threats like habitat destruction have deservedly drawn the attention of 

conservationists and researchers, other human impacts have been largely overlooked. I focus this 

paper on one of these commonly neglected problems, window collision. Despite killing as many 

as one billion birds per year in the U.S., window collision has received little research until very 

recently and many questions about this issue remain unanswered. 

 

The research that does exist gives a complicated and often conflicting impression of window 

collisions. In particular, there is a poor understanding of which species are more likely to collide. 

Some studies have suggested year-round, resident birds are more vulnerable. Others have argued 

just the opposite, that window collisions disproportionately affect transient groups such as 

neotropical migrants.  

 

The purpose of this study was to create a better understanding of collision vulnerability by 

exploring the issue in the context of taxonomy, behavior, and local abundance. Discovering what 

drives these collisions could help further justify existing conservation concerns and inform future 

collision mitigation efforts.  
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I used two approaches to analyze this issue. The first approach, referred to as the Triangle Study, 

involved tallying collisions at three study sites in the Triangle Region of North Carolina during 

fall 2015. At each of these three sites, standardized surveys were conducted at six buildings to 

determine what species were colliding and how often. I then reclassified the data based on 

taxonomic family and order, feeding guild, feeding location, migration and breeding status, and 

synanthropic status, the degree to which a species otherwise benefits from human development. 

Finally, I examined the collision frequencies among these classification groups for an indication 

of relative vulnerability. 

  

For my second analysis, the Duke Case Study, I examined whether indications of collision 

vulnerability persisted when local abundance was considered. The existing literature has given 

little attention to potential effects of local abundance when characterizing collision vulnerability. 

Consequently, impressions of vulnerable species may be biased towards those that are common 

around study sites. For the Duke Case Study, I looked at collision data collected at six buildings 

on Duke University’s Main Campus during spring and fall migration of 2015. To be able to 

compare these collision frequencies to local abundances, I conducted the first ever systematic 

survey of Duke University’s Main Campus bird community. I then simulated what collision rates 

might look life if collision were solely a product of local abundance and chance. I plotted the 

observed collision rates against the 95% confidence intervals of the simulated rates to determine 

if species were colliding below, within, or above the null range of collision rate. I also extended 

this analysis to the other taxonomic and functional classifications used in the Triangle Study. 
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The Triangle Study revealed several characteristics that appeared to contribute to collision 

vulnerability. First, the majority of collision victims belonged to the order Passeriformes and the 

remaining observations were all near-passerines. At the family level, Parulidae, Turdidae, and 

Trochilidae accounted for a large proportion of the observed collisions. Ruby-throated 

Hummingbirds were by far the most common species, followed by Common yellowthroat, 

Northern Parula, and Red-eyed Vireo with nine collisions each.  

 

When considered under the functional classifications, the vast majority (80%) of collisions were 

insectivores. Among these insectivores, over a third foraged in the lower canopy and another 

21% foraged on the ground. Additionally, birds that tended to benefit less overall from human 

develop appeared to collide more often. Well over half of the birds that collided were locally 

breeding species and the vast majority of were also migratory. 

 

The Duke Case Study provided a similar characterization of which groups were vulnerable, with 

a few notable exceptions. Only one of the top five colliders from the Triangle Study, the Red-

eyed Vireo, recorded exceptionally high rates of collision in the Duke Case Study. However, 

both studies did indicate the Parulidae family was vulnerable, supporting previous research. The 

most notable disparity between the Triangle Study and the Duke Case Study involved breeding 

status. While the Triangle Study provided an impression that local breeders were susceptible to 

collision, the Duke Case Study demonstrated that these high rates were due to high local 

abundance and that locally breeding species were actually colliding less often than expected.  
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Regarded independently of the Triangle Study, the Duke Case Study still offered several 

interesting results. Most significantly, it demonstrated the collision vulnerability is a real 

phenomenon and abundance and chance alone cannot account for collision frequencies. 

Additionally, the second analysis helped identify groups that were relatively invulnerable to 

collision, including the invasive House Finch, omnivores, and the ubiquitous Paridae family. The 

Duke Case Study also provided a preliminary indication that foraging height may be tied to 

collision vulnerability 

 

This paper has significant implications for how future research on bird collisions should be 

conducted. The Duke Case Study revealed that local abundance does often mask actual levels of 

vulnerability among species. Future studies must account for this potential effect when 

attempting to characterize collisions.  

 

Further, both analyses demonstrated that behavior appears to influence susceptibility to collision. 

More research is needed to better understand how activities such as territoriality and migration 

may be contributing to collisions.  
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INTRODUCTION 

Birds hold economic, ecological, and cultural value. They provide a diverse array of ecosystem 

services, ranging from pollination to pest control (Whelan et al. 2008). In 2011, birdwatching in 

the U.S. generated $107 billion in economic activity and engaged 47 million birders (Carver 

2013). Birds have also been vital in helping advance the general understanding of how ecological 

communities function in terms of niches, competition, and trophic dynamics.  

 

Unfortunately, they are also increasingly serving as a model victim of human activity. Through 

agriculture and development, humans are destroying bird habitat and fragmenting and degrading 

what remains. Birds face even more insidious threats such as introduced species, pollution, and 

climate change (Kirby et al. 2008). They are also being disrupted in fundamental activities like 

migration and foraging by human structures. In particular, it has become apparent that windows 

are a substantial danger to avifauna. 

 

Collisions with windows are the second largest source of human-caused bird mortality in the 

United States (Loss 2015), killing an estimated one billion birds annually (Loss 2014). This 

urban conservation issue reduces present estimates of bird populations in North America by 2 to 

9% (Loss 2014), and could have cascading effect on ecosystems and the goods and services they 

provide (Longcore and Smith 2013).  

 

Research suggests avian species have different susceptibilities to window collisions (Klem 1989, 

Hager et al. 2013, Kahle et al. 2016), yet few patterns have been discerned. Recent literature has 

highlighted the prominence of passerine and near passerine species in window collisions (Hager 
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et al. 2013, Klem and Saenger 2013, Kahle et al. 2016). However, Klem’s seminal paper (1989) 

reported window strikes for about a quarter of all avian species in the United States and Canada 

with these species ranging taxonomically from hawks to hummingbirds.  

 

In addition, the literature disagrees over whether resident or migratory birds are more likely to 

strike windows (Klem 1989, Codoner 1995, Chace and Walsh 2006). Klem (1989) states that 

residency status has little influence on strikes; whereas Codoner (1995) and Kahle et al. (2016) 

contend that window-strikes most often involve migrants. Still other traits, such as breeding 

status, remain completely unaddressed.  

 

Window collisions are undoubtedly intertwined with larger urban ecological factors like density 

of development, but causality is difficult to assess. For example, Chace and Walsh (2006) offer 

evidence that urbanization tends to homogenize species, and favor particular guilds (e.g., 

omnivores and granivores). The implication is that the mechanism behind urban homogenization 

of species is related to food resources and “species-specific adaptability to urban resources” 

(Chace and Walsh 2006: 46). Yet, the urban matrix itself – rife with obstacles deadly to birds, 

e.g., cars and buildings (Codoner 1995) – might also homogenize species in urban environments, 

a possibility that requires additional investigation. While Hager et al. (2013) has investigated the 

spatial factors of bird-window collisions in urban areas, urbanization and bird-window collisions 

from a species-specific or guild-level perspective has only been examined in heavily urbanized 

setting of Toronto (Cusa et al. 2015). 
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A starting point for understanding possible species-specific effects of bird window collisions in 

urban environments is Johnston’s (2001) work on synanthropic species. According to Johnston 

(2001: 49), “avian synanthropy, which includes urbanized and urbanizing birds, is a common 

ecological relationship, to which at least 25% of North American birds can be referred.” 

Synanthropic species vary in the degree to which they benefit from human development.  While 

Hager et al. (2013) mention the possibility that bird-window collisions may contribute to the 

homogenization of urban bird communities, the relationship between synanthropic status and 

collision frequency has yet to be explored.   

 

In addition to the influences of urbanization, previous studies have found it difficult to account 

for abundance when characterizing species-specific susceptibility. It is unclear whether patterns 

of collision are largely the product of inherent vulnerabilities among taxonomic and functional 

groups, or partly the result of random chance and relative abundance. Some studies have offered 

anecdotal evidence of relationships between local abundance and collision (Blem and Willis 

1998, O’Connell 2001) and others have systematically observed bird communities near study 

sites, but in limited spatial or seasonal contexts (Dunn 1993, Hager et al. 2008, Kahle et al. 

2016).  

 

The broadest investigations of abundance and vulnerability have come from Loss et al. (2014) 

and Arnold & Zink (2011). In these studies, the authors gathered collision rates at buildings and 

populations estimates for North American birds based on Breeding Bird Survey data to index the 

relative vulnerability of species. However, this approach limits understanding to a regional level 

and assumes similarity of local, study site communities and continental scale populations.  
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Kahle et al. (2016) have provided the most thorough analysis of local abundance and window 

collisions to date. They conducted area search surveys adjacent to their collision study site 

multiple times per week for a year to establish an understanding of local avifauna abundance. 

While their results offered valuable insight into the relationship between abundance and 

collision, the study’s West Coast location means the findings are difficult to relate to majority of 

collision literature which has been based in the Eastern United States.  

 

To guide future species-specific inquiry into bird window collisions, I began by (1) investigating 

patterns of taxonomy, residency and breeding status, guild, and synanthropy on bird-window 

collision frequency at three sites in North Carolina’s Research Triangle region, referred to as the 

Triangle Study. I complemented this effort by (2) disentangling the relationship between relative 

abundance and collision frequency, using a one-year case study of point counts and collisions at 

Duke University, referred to as  the Duke Case Study. In this way, I tested whether collision 

patterns were the product of inherent susceptibilities among taxonomic and functional groups, or 

the product of random chance and relative abundance. 

 

 

METHODS 

Study areas. I conducted my Triangle Study at three locations in the Raleigh-Durham-Chapel 

Hill area of North Carolina, United States (Fig. 1). These sites exemplified an urban to rural 

gradient. At each location, I chose buildings that spanned a range of heights, areas, and glass 

coverage (Table 1). The third location, Duke University’s Main Campus was also the setting of 
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my Duke Case Study. It contained a wide range of bird habitat, including open lawn, shrubbery, 

and a variety of pine and hardwood forest. Relative to the other two sites, it represented an 

intermediate, suburban landscape. 

 

Fig. 1. Study area and sites for bird-window collision study in the Research Triangle Region of 

North Carolina.  

 

Table 1. Range of building characteristics at each the three study sites. 

Site 
Construction 

date 
Floor area (m

2
) Window area (m

2
) Height (stories) 

North Carolina State 
University 2004-2015 4274-24,043 228-2277 3-5 

Corporate Campus 
1987-2014 128,786-386,225 4100-7700 6-7 

Duke University, Main 
Campus 2000-2013 416-30,860 42-1883 1-6 
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Carcass surveys. Carcass surveys were conducted for the Triangle Study during 21 days of the 

peak migration period in the fall 2015, following methods described by Hager and Consentino 

(2014). Clean-up surveys were conducted on September 18, 2015, and daily surveys were 

conducted from September 19 until October 9 on all three campuses. On each of these days, two 

observers walked around survey buildings and looked in a 2-m zone extending from the building 

for injured or dead birds. Observations were recorded to the species level when possible. 

 

An additional carcass survey was conducted at Duke University in spring 2015, with cleaning 

occurring on March 31
 
and surveying taking place from April 1

 
to 21. I only used this data in the 

Duke Case Study.  

 

I excluded bird collisions that could not be identified, due to carcass condition, from all analyses. 

Unidentified collisions accounted for <1% of total collisions in the Triangle Study and 14% in 

the Duke Case Study. 

 

Duke Case Study: Point Count Survey. To achieve Goal 2, I supplemented collision surveys 

with relative abundance data gathered from point counts around Duke University’s Main 

Campus. To assign survey point locations, I used a stratified random sampling technique, applied 

in ArcMap 10.3.1 (ESRI [Environmental Systems Resource Institute] 2015).  

 

Beginning with 1m resolution EPA landcover classification (US EPA 2013), I used a focal 

calculation to remove irrelevant features such as trees in parking lots. Duke’s Main Campus 

contained four classes: forest, impervious, grass, and bare earth (Fig. 2A). The last two classes 



12 
 

 

were combined due to the negligible area of the latter. I limited the sampling frame for forest and 

impervious to locations with at least 85% coverage in a 25m radius and 30% for the much 

scarcer grass. To avoid surveying habitat outside the purview of Duke, I also removed areas 25m 

from the Main Campus boundary from sampling consideration (Fig. 2B).  

 

I then randomly placed 21 points to the remaining areas, with the number of points assigned to 

each class roughly proportional to their relative area. Points were separated by at least 90m to 

improve independence of observations. The result was 12 forest, 5 impervious, and 4 grass 

points (Fig. 2C). 

 

Fig. 2. A) 1m resolution EPA land cover (US EPA 2013), B) final sampling frame, and C) 

survey points and buildings over satellite imagery for reference (see Fig. 1 for state and national 

location of Duke University).  

 

I conducted point counts during the same peak migration survey periods as the spring and fall 

2015 Duke University carcass surveys. I visited each point three times during both survey 

seasons, altering the order of visitation to avoid bias. At survey locations, I reported all birds 
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seen or heard within a 25m-radius for 10 minutes (Bibby 2000). Flyovers were not counted and I 

attempted to avoid counting individuals more than once per visit. Additionally, I completed 

surveys within 2.5 hrs of sunrise to take advantage of higher activity and detectability of birds. I 

did not conduct surveys during strong winds or precipitation.  

 

Construction and maintenance projects at Duke required two alterations to the original survey 

design. In spring 2015, Duke University converted approximately 2 ha of forest cover to a water 

reclamation pond. I incorporated this water feature and maintained the ratio of points to cover 

area by relocating a nearby forest survey point to the pond shore and reclassifying it as water. 

Additionally, between spring 2015 and fall 2015, two survey points became inaccessible due to 

construction. I compensated for this loss by randomly assigning two new survey points for fall 

2015 using the same sampling technique. These new points were similar to the original points in 

vegetation composition and structure, as well as degree of development, justifying comparison 

across seasons.  

 

Triangle Study: Analysis of Traits and Collision Frequency. To investigate the potential 

influence of taxonomy, behavior, and life strategy, I classified species into different groups based 

on taxonomic family and order, breeding and migration status, feeding guild and location, and 

synanthropy.  

 

Breeding status was defined as whether or not the species had been recorded to breed locally; 

“locally” being within the Chapel Hill area as recorded by Cook (2008).  Migration status (binary 

variable: migratory, year round) was determined from seasonal, local fluctuations in abundance 
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reported in the same dataset (Cook 2008). Birds that were not reported or were only very rarely 

reported in some seasons, but were common or abundant in other seasons were considered 

migratory.  

 

Feeding guilds were defined broadly (e.g., insectivore, granivore) and location was defined by 

feeding strategy (e.g., gleaning, foraging), feeding location (e.g., ground, canopy), and height 

(i.e., for canopy feeders) using Gonzalez-Salazar et al.’s (2014) classification.  

Classification of synanthropy was derived from Johnston (2001). Synanthropy “includes a wide 

degree of relationship to humans,” ranging from dependence on human ecology for survival 

(full), exploitation without dependence (causal), occasional exploitation (tangential), to no 

positive synanthropic relationship (non-synanthropes) (Johnston 2001: 50). 

 

Duke Case Study: Analysis of Bird-Window Collision Abundance and Susceptibility. To 

improve understanding of the relationship between abundance and collision frequency at Duke 

University (Goal 2), I compared the observed rate of collision in each classification category 

(e.g. Parulidae, casual synanthrope, granivore) to a simulated rate based on chance and relative 

abundances. This analysis drew on the point count data from spring and fall 2015 and the Duke 

carcass data from those same periods. My comparison of random collision used 95% confidence 

intervals (CIs) based on distributions of random sampling rates for each bird category in the 

point count dataset. 

 

I constructed these random distributions by applying a bootstrapping sampling procedure to the 

Duke Main Campus abundance data in R, v. 3.2.2 (R Development Core Team 2015).  Pulling 
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from a pool of all spring and fall point count observations, I sampled a number of individuals 

equal to the number of collisions observed at Duke during the 2015 spring and fall carcass 

surveys. Each bird in the sample pool had an equal probability of being selected, simulating 

collision in the absence of relative vulnerability.   

 

I ran this sampling with replacement based on the assumption that in the real environment the 

death of one individual did not meaningfully reduce the chances of its classification group 

colliding again. While this assumption is likely true with abundant bird types such as thrushes, it 

is more questionable with rarer birds that use broader territories such as raptors.  

 

I repeated the sampling 10,000 times and recorded the proportion of birds sampled from each 

category after every run. These 10,000 runs created a frequency distribution of random sampling 

rates for each avian category based solely on their campus abundance (Fig. 3). I identified 95% 

CIs by pulling out the 275
th

 and 9750
th

 values from the ordered vector of sampling rates for each 

bird category. I repeated this procedure on all classification approaches (e.g. foraging location 

guild, taxonomic family, synanthropy).  

 

Fig. 3. Example of bootstrap distribution for Mimidae created through 10,000 random samplings 

of abundance data. The proportion values represent the number of times Mimidae were drawn 
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relative to the total number of draws for that run. This type of distribution provided the 

confidence intervals for expected collision rates.  

 

I then compared these intervals to the observed rate of collision amongst different bird classes. 

To calculate the observed rates, I divided the collision frequency in each class by the total 

number of collisions. Placing these values alongside the CIs, I noted whether a class fell below, 

within, or above the expected rate of collision. Species that had values above the simulated rates 

were deemed disproportionately vulnerable and species with values below were considered adept 

at avoiding collisions. 

 

 

RESULTS 

Triangle Study: Traits and collision frequency. Between September 18 and October 9, 2015, 

151 birds representing 42 species were reported during bird-window collision at three campuses 

in the Triangle area of North Carolina. These species represented four orders and fourteen 

families (Table 2).  

 

Table 2. Taxonomic classification, guild, feeding location, synanthropy (SY), local breeding 

status (LB), and migration status (MG) of birds the collided with windows on three campuses in 

the Triangle from September 18 until October 9, 2015. Guild and feeding location are from 

Gonzalez-Salazar et al. (2014), migratory and breeding status from Cook (2008), and 

synanthropy from Johnston (2001). Under synanthropy, “T” designates tangential synanthrope, 
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“C” designates casual synanthrope, and blank indicates non-synanthrope. Local breeders and 

migratory species are indicated by “X.” 

Common Name Latin Name Order Family 

Total 
# 

Birds Guild Location 
S 
Y 

L 
B 

M
G 

Ruby-throated 
Hummingbird 

Archilochus 
colubris 

Apodiformes Trochilidae 
20 

nectarivore   
T X X 

Common 
Yellowthroat 

Geothlypis 
trichas 

Passeriformes Parulidae 
9 

insectivore lower canopy 
foliage gleaner T X X 

Northern 
Parula 

Setophaga 
americana 

Passeriformes Parulidae 
9 

insectivore upper canopy 
foliage gleaner   X X 

Red-eyed Vireo Vireo olivaceus Passeriformes Vireonidae 
9 

insectivore lower canopy 
foliage gleaner T X X 

Swainson's 
Thrush 

Catharus 
ustulatus 

Passeriformes Turdidae 
8 

insectivore lower canopy 
foliage gleaner T   X 

Yellow-bellied 
Sapsucker 

Sphyrapicus 
varius 

Piciformes Picidae 
7 

insectivore bark excavator 
    X 

Black-throated 
Blue Warbler 

Setophaga 
caerulescens 

Passeriformes Parulidae 
6 

insectivore lower canopy 
foliage gleaner     X 

Gray-cheeked 
Thrush 

Catharus 
minimus 

Passeriformes Turdidae 
6 

insectivore ground 
gleaner     X 

American 
Redstart 

Setophaga 
ruticilla 

Passeriformes Parulidae 
5 

insectivore air hawker 
under canopy T X X 

Pine Warbler Setophaga 
pinus 

Passeriformes Parulidae 
5 

insectivore bark gleaner 
  X X 

Wood Thrush Hylocichla 
mustelina 

Passeriformes Turdidae 
5 

insectivore ground 
gleaner   X X 

Mourning 
Dove 

Zenaida 
macroura 

Columbiformes Columbidae 
4 

granivore ground to 
undergrowth 
gleaner 

T X   

Summer 
Tanager 

Piranga rubra Passeriformes Cardinalidae 
4 

insectivore upper canopy 
foliage gleaner   X X 

Gray Catbird Dumetella 
carolinensis 

Passeriformes Mimidae 
4 

insectivore ground 
gleaner T X X 

Black-and-
white Warbler 

Mniotilta varia Passeriformes Parulidae 
4 

insectivore bark gleaner 
  X X 

Chestnut-sided 
Warbler 

Setophaga 
pensylvanica 

Passeriformes Parulidae 
4 

insectivore lower canopy 
foliage gleaner     X 

Brown 
Thrasher 

Toxostoma 
rufum 

Passeriformes Mimidae 
3 

insectivore ground 
gleaner   X X 

Ovenbird Seiurus 
aurocapilla 

Passeriformes Parulidae 
3 

insectivore ground 
gleaner   X X 



18 
 

 

Cape May 
Warbler 

Setophaga 
tigrina 

Passeriformes Parulidae 
3 

insectivore lower canopy 
foliage gleaner     X 

American 
Robin 

Turdus 
migratorius 

Passeriformes Turdidae 
3 

insectivore ground 
gleaner C X X 

Northern 
Cardinal 

Cardinalis 
cardinalis 

Passeriformes Cardinalidae 
2 

granivore ground to 
undergrowth 
gleaner 

T X   

Scarlet 
Tanager 

Piranga 
olivacea 

Passeriformes Cardinalidae 
2 

insectivore upper canopy 
foliage gleaner   X X 

Rose-breasted 
Grosbeak 

Pheucticus 
ludovicianus 

Passeriformes Cardinalidae 
2 

insectivore upper canopy 
foliage gleaner     X 

Blue Jay Cyanocitta 
cristata 

Passeriformes Corvidae 
2 

omnivore ground forager 
T X X 

Carolina 
Chickadee 

Poecile 
carolinensis 

Passeriformes Paridae 
2 

insectivore lower canopy 
foliage gleaner T X   

Black-thoated 
Green Warbler 

Setophaga 
virens 

Passeriformes Parulidae 
2 

insectivore lower canopy 
foliage gleaner     X 

Magnolia 
Warbler 

Setophaga 
magnolia 

Passeriformes Parulidae 
2 

insectivore lower canopy 
foliage gleaner     X 

Philadelphia 
Vireo 

Vireo 
philadelphicus 

Passeriformes Vireonidae 
2 

insectivore lower canopy 
foliage gleaner     X 

Indigo Bunting Passerina 
cyanea 

Passeriformes Cardinalidae 
1 

granivore ground to 
undergrowth 
gleaner 

  X X 

Lincoln's 
Sparrow 

Melospiza 
lincolnii 

Passeriformes Emberizidae 
1 

granivore ground to 
undergrowth 
gleaner 

T   X 

American 
Goldfinch 

Carduelis tristis Passeriformes Fringillidae 
1 

granivore lower to upper 
canopy 
gleaner 

T X X 

Northern 
Mockingbird 

Mimus 
polyglottos 

Passeriformes Mimidae 
1 

insectivore ground 
gleaner T X   

Tufted 
Titmouse 

Baeolophus 
bicolor 

Passeriformes Paridae 
1 

insectivore lower canopy 
foliage gleaner T X   

Palm Warbler Setophaga 
palmarum 

Passeriformes Parulidae 
1 

insectivore ground 
gleaner     X 

Yellow Warbler Setophaga 
petechia 

Passeriformes Parulidae 
1 

insectivore lower canopy 
foliage gleaner T   X 

Yellow-
breasted Chat 

Icteria virens Passeriformes Parulidae 
1 

insectivore lower canopy 
foliage gleaner   X X 

Canada 
Warbler 

Cardinalis 
canadensis 

Passeriformes Parulidae 
1 

insectivore lower canopy 
foliage gleaner     X 

Worm-eating 
Warbler 

Helmitheros 
vermivorum 

Passeriformes Parulidae 
1 

insectivore lower canopy 
foliage gleaner     X 

Ruby-crowned 
Kinglet 

Regulus 
calendula 

Passeriformes Regulidae 
1 

insectivore lower canopy 
foliage gleaner T   X 
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Golden-
crowned 
Kinglet 

Regulus 
satrapa 

Passeriformes Regulidae 
1 

insectivore lower canopy 
foliage gleaner     X 

Brown-headed 
Nuthatch 

Sitta pusilla Passeriformes Sittidae 
1 

insectivore bark gleaner 
  X   

Northern 
Flicker 

Colaptes 
auratus 

Piciformes Picidae 
1 

insectivore ground 
gleaner T X X 

 

Taxonomy of collisions. The majority (79%) of bird collisions were individuals in the order 

Passeriformes, followed by Apodiformes (13%). Passeriformes that collided with windows came 

from 11 families and 38 different species. Piciformes came from one family and two species. All 

other orders were represented by one species. Parulidae represented the greatest number of 

collisions (57, 38%), followed by Turdidae (22, 15%), and Trochilidae (20, 13%). 

At the species-level, the Ruby-throated Hummingbird (Archilochus colubris, 20 individuals, 

13%) had the highest frequency of collisions, followed by the Common Yellowthroat 

(Geothlypis trichas, 9 individuals, 6%), Northern Parula (Setophaga americana, 9 individuals, 

6%), and Red-eyed Vireo (Vireo olivaceus, 9 individuals, 6%). 

 

Breeding and Migration Status. Sixty percent of the species and 68% percent of individuals that 

collided were species that breed in the Research Triangle Area. Of these local breeders, 24% 

represented year-round resident species and 76% were species that are primarily migratory in 

this region. Among all collisions, 93% of individuals and 85% of species were migratory. 

 

Feeding Guilds. The majority of species (83%) and individuals (80%) that collided with 

windows were insectivores. Of these insectivores, most species (41%) and individuals (36%) 

were lower canopy foliage gleaners. The next most common group was insectivorous ground 

gleaners which accounted for 21% of species and 18% of individuals. In addition, a large number 
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of bird-window collision victims were nectarivorous Ruby-throated Hummingbirds (13% of 

individuals) who complement their diet with insects. No primarily carnivorous or frugivorous 

species collided with windows during the study period. 

 

Synanthropy. No bird species classified as fully synanthropic collided with windows during this 

study. Only 2% of individuals and species that collided were casual synanthropes. The remaining 

98% were either tangential (48%) or non-synanthropes (50%). 

 

Duke Case Study: Local abundance and collision susceptibility. During carcass surveys at 

Duke University in spring and fall 2015, 42 birds were recorded, representing 19 species and 11 

families. Six collision victims could not be identified to species and were subsequently removed 

from analysis, leaving a carcass sample size of N=36. Seventy-two percent of individual 

casualties were migrants, 58% were classified as insectivores (22% of which were lower canopy 

gleaners), and the majority of birds (89%) were classified as tangential synanthropes or non-

synanthropic. 

 

During the point count surveys, I recorded 477 birds representing 40 species and 21 families 

(Table 3). The five most frequently observed species were, in decreasing order, Northern 

Cardinal (Cardinalis cardinalis 60 individuals), House Finch (Haemorhous mexicanus, 51 

individuals), Eastern Towhee (Pipilo erythrophthalmus, 37 individuals), Northern Mockingbird 

(Mimus polyglottos, 35 individuals), and Carolina Chickadee (Poecile carolinensis, 35 

individuals). The 10 most frequent species accounted for 69% of observations. Seventeen species 
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were observed three times or fewer, including four Parulidae, two Picidae, and two Sittidae 

species.  

 

Table 3. Relative abundance from point counts during spring and fall 2015 at Duke University. 

Common and scientific names are listed for all species, as well as American Ornithologists’ 

Union (AOU) code. 

Scientific Name Order Family Common Name 
Code 
Name 

Main 
Campus 

Total 
2015 

Cardinalis cardinalis Passeriformes Cardinalidae Northern Cardinal NOCA 
60 

Haemorhous mexicanus Passeriformes Fringillidae House Finch 
 

HOFI 
51 

Pipilo erythrophthalmus Passeriformes Emberizidae Eastern Towhee EATO 
37 

Poecile carolinensis Passeriformes Paridae Carolina Chickadee CACH 
35 

Mimus polyglottos Passeriformes Mimidae Northern Mockingbird NOMO 
35 

Turdus migratorius Passeriformes Turdidae American Robin AMRO 
28 

Dumetella carolinensis Passeriformes Mimidae Gray Catbird GRCA 
23 

Baeolophus bicolor Passeriformes Paridae Tufted Titmouse TUTI 
22 

Cyanocitta cristata Passeriformes Corvidae Blue Jay BLJA 
19 

Thryothorus ludovicianus Passeriformes Troglodytidae Carolina Wren CAWR 
19 

Zonotrichia albicollis Passeriformes Emberizidae White-throated Sparrow WTSP 
18 

Corvus brachyrhynchos Passeriformes Corvidae American Crow AMCR 
14 

Melanerpes carolinus Piciformes Picidae Red-bellied Woodpecker RBWO 
14 

Melospiza melodia Passeriformes Emberizidae Song Sparrow SOSP 
13 

Picoides pubescens Piciformes Picidae Downy Woodpecker DOWO 
12 

Sturnus vulgaris Passeriformes Sturnidae European Starling EUST 
9 

Zenaida macroura Columbiformes Columbidae Mourning Dove MODO 
8 
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Setophaga pinus Passeriformes Parulidae Pine Warbler PIWA 
7 

Toxostoma rufum Passeriformes Mimidae Brown Thrasher BRTH 
6 

Hylocichla mustelina Passeriformes Turdidae Wood Thrush WOTH 
6 

Carduelis tristis Passeriformes Fringillidae American Goldfinch AMGO 
5 

Seiurus aurocapilla Passeriformes Parulidae Ovenbird OVEN 
5 

Columba livia Columbiformes Columbidae Rock Pigeon ROPI 
5 

Mniotilta varia Passeriformes Parulidae Black-and-white Warbler BAWW 
3 

Vireo olivaceus Passeriformes Vireonidae Red-eyed Vireo REVI 
3 

Molothrus ater Passeriformes Icteridae Brown-headed Cowbird BHCO 
2 

Dendroica virens Passeriformes Parulidae Black-throated Green Warbler BTNW 
2 

Sitta carolinensis Passeriformes Sittidae White-breasted Nuthatch WBNU 
2 

Catharus guttatus Passeriformes Turdidae Hermit Thrush HETH 
2 

Stelgidopteryx serripennis Passeriformes Hirundinidae Northern-rough Winged Swallow NRWS 
2 

Setophaga fusca Passeriformes Parulidae Blackburnian Warbler BLWB 
1 

Sitta pusilla Passeriformes Sittidae Brown-headed Nuthatch BHNU 
1 

Ardea herodias Pelecaniformes Ardeidae Great Blue Heron GBHE 
1 

Picoides villosus Piciformes Picidae Hairy Woodpecker HAWO 
1 

Colaptes auratus Piciformes Picidae Northern Flicker NOFL 
1 

Podilymbus podiceps Podicipediformes Podicipedidae Pied-billed Grebe PBGR 
1 

Setophaga coronata Passeriformes Parulidae Yellow-rumped Warbler YRWA 
1 

Buteo jamaicensis Accipitriformes Accipitridae Red-tailed Hawk RTHA 
1 

Actitis macularius Charadriiformes Scolopacidae Spotted Sandpiper SPSA 
1 

Piranga olivacea Passeriformes Thraupidae Scarlet Tanager SCTA 
1 

    

Total 
477 
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Point counts indicated that the campus bird community was uneven, with generalist species 

dominating (Fig. 4). For example, Northern Cardinals were observed at nearly all survey sites 

and the Eastern Towhee, Carolina Chickadee, and American Robin (Turdus migratorius) at over 

half of all sites. In addition, there was a consistent positive relationship between the number of 

sites occupied by a species and their mean abundance, with the exception of House Finches (Fig. 

5). This finding indicates an absence of flocking species such as Cedar Waxings (Bombycilla 

cedrorum) which would likely show high abundances over a small number of sites. 

 

Fig. 4. Rank-Abundance curve representing composition of campus bird community. Species 

rank is determined by each species’ total abundance (see Table 3 for AOU codes). Relative 

abundance is calculated as total abundance divided by maximum total abundance.  
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Fig. 5. Number of sample sites occupied by each of 40 observed species (see Table 3 for AOU 

codes) plotted against their average abundance across the 21 point count sites at Duke University 

in spring and fall 2015.  

 

Taxonomy and collision susceptibility. Of the 40 species recorded during the campus point count 

survey, 36 had observed collision rates on or within their CIs, meaning their collision rate could 

not be differentiated from chance. However, many of these results (31) occurred simply because 

the species was never observed during the collision survey and their background abundance rate 

was too low to lift their lower CI above zero (Fig.s 6A). Additionally, 11 species collided with 

windows, but were not seen or heard during point counts.  

 

Despite these limitations, the CI results nonetheless provided cases of noteworthy deviation from 

expected collision rates. Three species –American Goldfinch (Carduelis tristis), Ovenbird 

(Seiurus aurocapilla), and Red-eyed Vireo—collided at rates that exceeded their abundance-
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based rates, indicating disproportional vulnerability to collisions. Conversely, one species, the 

House Finch, showed a lower than expected collision rate. 

 

Scaling up to taxonomic family, Parulidae and Vireonidae recorded collision rates above their 

CI, representing a level of susceptibility that could not be attributed to chance (Fig. 6B). The 

Paridae demonstrated the opposite case, an observed rate below the CI. Additionally, the 

Mimidae had a collision rate equal to their lower CI, but the family was prevalent enough that 

this lower value was not equal to zero. Eleven families were unobserved in collisions and had a 

lower CI of zero, replicating the misleading phenomenon seen in the species analysis. However, 

only two families–Trochilidae and Regulidae—were recorded in the collision survey, but not in 

the point count survey. Six families collided at rates greater than zero, but remained within their 

CIs (i.e. collided at rates expected based on abundance), including Cardinalidae, Turdidae, and 

Picidae.  All taxonomic orders occurred within their CIs. 
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Fig. 6 Confidence intervals and observed rates for A) 40 species and B) 21 families observed 

during campus point count survey (see Table 3 for AOU codes). Hollow dots represent mean 

expected collision rate and black dots represent observed collision rate. 

 

Breeding and Migration Status. Although they accounted for a substantial proportion of 

collisions at Duke in 2015 (81%), local breeders still collided less often than expected when 

factoring in their local abundance. This result is in contrast to non-locally breeding species which 

collided more than anticipated based on background prevalence (Fig. 7A). A similar, though 
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more pronounced pattern emerged between resident and migratory species. Year round residents’ 

rates were well below the CI and migrants’ well above (Fig. 7B).  

 

Feeding strategies. Grouping based on feeding guilds indicated that granivores were within the 

expected rate of collision, while insectivores were on the cusp of significantly high rates (Fig. 

7C). Omnivores, entirely absent among collisions, were also abundant enough to be considered 

adept at avoiding windows. In the location classification, the ground to undergrowth gleaners 

were also observed amongst collisions at lower than expected rates (Fig. 7D), and the ground 

hawkers and ground foragers were within their CIs, but had observed collision rates of zero. 

Conversely, multiple types of foliage gleaners collided at rates higher than the 95% CI, including 

lower canopy foliage gleaners. In terms of vertical height, there appeared to be a general trend of 

lower foraging groups occurring within or below their CIs and higher foraging within or above 

their CIs. 

 

Synanthropy. Synanthropy, the categorical measure of whether and how much a bird benefits 

from human development, did not give any clear indication of susceptibility or immunity. 

Casual, tangential, and non-synanthropes’ collision rates all reflected their prevalence on Duke’s 

Main Campus. Additionally, full synanthropes were not observed in the collision survey and 

were not prevalent enough to lift their lower CI above zero (Fig. 7E).  
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Fig. 7. A) Comparison of expected and observed collision rates for local and non-local breeders, 

as defined by Cook (2008). B) Similar comparison for migratory status derived from weekly 
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checklist (Cook 2008). C) Confidence interval comparison based on Gonzalez-Salazar et al.’s 

guild classification (2014). Nectarivores were absent from this comparison despite making up 

14% (n=5) of collisions at Duke in spring and fall 2015 because they were not observed during 

the campus point survey. D) Finer guild comparison using Gonzalez-Salazar et al.’s 

subclassification related to feeding location (2014). Guilds were loosely sorted left to right on 

foraging height. E) Comparison of simulated versus observed rates of collision among 

Johnston’s (2001) synanthropic classes. 

 

 

 

DISCUSSION 

 

Triangle Study: Traits and collision frequency.  

Taxonomy of Collisions. The taxonomic diversity of the birds that collided with windows (42 

species, 14 families, and 4 orders) matches previous studies. For example, like Hager et al. 

(2013) and Cusa et al. (2015), I found only passerine and near passerine (i.e., Columbiformes, 

Piciformes, and Trochiliformes species) collision victims. At the family level, my study 

corresponds with Hager and Craig (2014) and Kahle et al. (2016), showing a high percentage 

Trochilidae among collisions. Among the species with highest collision rates in my study, the 

Ovenbird has also been identified as a common collision victim by other studies (Cusa et al 

2015, Blem and Willis 1998, Klem 2014).  

 

Breeding and Migration Status. A higher proportion of locally breeding birds collided with 

windows in fall. This result initially suggests that locally breeding birds are at higher risk of 

colliding with windows in the Research Triangle Area of North Carolina. Following on the 

results of the Duke Case Study, I partly attribute this high rate to local ubiquity and the related 
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increase in total exposure to windows. On migratory status, the results were much less debatable. 

Migratory species accounted for an overwhelming majority of collisions, supporting the findings 

of several previous studies (O’Connell 2001, Hager et al. 2008, Loss et al. 2014, Kahle et al 

2016). Possible explanations include unfamiliarity with local terrain, exhaustion, and 

disorientation.  

 

Feeding Guilds. The clear prominence of insectivores and ground feeding birds that collided 

with windows in this study further suggests that feeding guild may play a role in susceptibility of 

species to window collisions. This result is particularly noteworthy because urban habitats tend 

to favor omnivores and granivores (Lancaster and Rees 1979 Beissinger and Osborne 1982, 

Allen and O’Conner 2000, Chace and Walsh 2006), but the guild most frequently counted in 

window collisions are insectivores, a finding also shared by Cusa et al. (2015). The influence of 

feeding guild and vertical habitat as it related to bird-window collisions presents another area 

ripe for research, and if fruitful, could offer a mechanism to explain what individuals are doing 

when they hit windows (e.g., foraging).  

 

Synanthropy. My study found few carcasses that belonged to casual synanthropes and none that 

belonged to full synanthropes. The initial implication is that species-specific differences in 

susceptibility to bird-window collisions are related to urban adaptation. Urbanization has been 

found to select for birds of particular guilds (e.g., omnivores, granivores) and life histories (e.g., 

cavity nesters) (Lancaster and Rees 1979, Beissinger and Osborne 1982, Allen and O’Conner 

2000, Kluza et al. 2000, Chace and Walsh 2006). However, tangential synanthropes 

demonstrated similar rates of collision as non-synanthropes, indicating that species that benefit 
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mildly from human development do not have any more resistance to window collisions than 

those that entirely lack positive association with human development. I recommend further 

research into the role of bird-window collisions on the homogenization of urban avifauna. 

 

Duke Case Study: Local abundance and collision susceptibility. The comparison of collision 

rates to background abundance rates allowed for a rejection of the random collision null 

hypothesis. At nearly every level of classification, there was indication of group specific 

susceptibility. For example, at the species level, Ovenbirds showed an extreme propensity for 

collision while American Robins demonstrated rates that could not be differentiated from 

chance. American Robins and Ovenbirds exhibited similar mortality frequencies – four and five, 

respectively – but differed greatly in abundance –28 versus 5. In sum, abundance is an adequate 

explanation for collision in some cases, but is inadequate in others. 

 

From these findings, I conclude that collision susceptibility is a real phenomenon, but one not 

easily differentiated from stochastic collision. This complicated understanding is consistent with 

the mixed results of previous studies. It complements Loss et al.’s (2014) and Arnold & Zink’s 

(2011) demonstration of interaction between continental scale population and collision 

frequency. Additionally, I found evidence to support their typology of super collider and super 

avoider species. This case study also partly confirms Dunn’s (1993) earlier work which showed a 

weak association between species presence and collision. Further, my results challenge Hager et 

al.’s (2008) dismissal of local abundance as an occasional main driver of collision, but I concur 

with their suggestion that abundance can interact with bird behavior and window properties to 
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determine collision frequency. For greater certainty on these issues, collision surveys need to be 

moored in a strong understanding of the local bird community.  

 

However, I acknowledge that locally scaled abundance data is not always available, especially in 

studies comparing collision surveys from several locations. Additionally, large N collision 

surveys are valuable sources of information because they overcome temporal and spatial 

variation in conditions such as weather to provide a consistent picture of collision patterns. I 

suggest that the use of larger, more robust collision datasets, such as the dataset used in the first 

part of this study, is a valid practice, but the characterizations of susceptible birds drawn from 

these analyses should be viewed with some skepticism.  

 

Characterization of Vulnerability from Confidence Intervals. Across broad feeding guilds, 

omnivores and granivores showed low vulnerability to window collision. These findings also 

support previous research that suburban and urban habitats favor these guilds (Strandstroem et al. 

2006, Kark et al. 2007, Chace and Walsh 2006). As for insectivores, their nearly significant high 

rate of collision again indicates some aspect of their foraging behavior may expose them to 

greater risk.  

 

The finer guild classification suggests that the vertical location of foraging impacts the 

vulnerability of birds. While leaf gleaners exhibited notably high rates of collision relative to 

their abundances, ground based feeders fared as well as chance would predict or better. Species 

adapted to foraging under the canopy, like foliage gleaners, fly through small spaces in the thick 

understory of forested regions. This same behavior could increase their vulnerability to collisions 
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because finding these flyways in urban settings proves to have more obstacles (windows) than 

forested areas. 

 

With synanthropy, no clear characterization emerged. Although all synanthropic categories were 

within their CIs, non-synanthropes did have an observed rate greater than their mean expected 

rate. Patterns of vulnerability could potentially emerge with longer-term datasets. 

 

Lastly, the more transitory groups of birds, migrants and non-local breeders, showed 

considerable susceptibility to window collisions. This finding is also corroborated by several 

previous studies (Arnold and Zink 2011, Loss et al. 2014). These relatively high rates of collision 

may be due to unfamiliarity with the local landscape and human structures. I consider the 

vulnerability of migrants to be of particular concern because this group contains many species 

that are already threatened by habitat loss and degradation (Kirby et al 2008). 

 

Limitations of Analysis. There were several limitations to my survey of campus birds that may 

have affected my confidence interval analysis. First, I assumed that I surveyed at the correct 

spatial scale to capture an accurate impression of the potential pool of collision victims. 

However, it is possible that birds outside my sampling frame, from neighboring Duke Forest for 

example, may have shared some of the risk of collision with my six surveyed buildings. Second, 

I observed high levels of ambient noise at several survey points. It was difficult in these cases to 

disentangle the effect of ambient noise as a distraction to the observer and a deterrent to birds. 

Third, and possibly most significantly, I did not count flyovers during my surveys. This 
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technique almost certainly led to an underestimation of species that forage on the wing such as 

hummingbirds, swallows, and hawks.   

 

Another phenomenon in the data suggested further limitations. Ten out of 18 species observed 

during spring and fall 2015 collision surveys at Duke were not observed during point counts. 

This trend could have been caused by several factors. These species may have been so rare their 

prevalence was too low for detection with standard point count methods, but their susceptibility 

to collisions was high enough to reveal their presence in the collision survey. Alternatively, 

species observed only during the collision survey may have been relatively abundant, but 

secretive, with low detection probabilities. Nonetheless, there was substantial and often complete 

overlap between the collision and point count datasets when considered in the context of my 

other classification methods. The recurring picture of differential vulnerability across 

classifications gives a reassuring indication of the robustness my results. 

 

Comparison of Triangle Study and Duke Case Study. While the two studies agreed on several 

major findings such as susceptibility under foraging and migratory classifications, they also 

deviated on multiple issues. These differences are notable because they highlight the hazard of 

inferring vulnerability from only frequency, the predominant method to date. For example, the 

Triangle Study revealed a potentially meaningful absence of full synanthropes, but the Duke 

Case Study demonstrated this absence was more likely related to local scarcity of fully 

synanthropic birds. Even more damning, the Triangle Study presented what appeared to be a 

clear case of vulnerability among local breeders. However, the Duke Case Study again 

demonstrated that rates were mostly a reflection of local abundance. In complete contrast to the 
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frequency based results, the CI results actually showed a slight trend towards avoidance among 

local breeders. I offer these examples as cautionary note against fully accepting vulnerability 

characterizations made without consideration of local bird community structure. 

 

 

Context and Significance of Studies. In these studies, I show that species traits and local 

abundance impact the vulnerability of species to window collisions. My research highlights the 

importance of conducting bird surveys in parallel to collision surveys to improve understanding 

of the impacts of collisions on wild bird populations. I recommend this approach be implemented 

in future collisions studies. Additionally, I demonstrate the value of extending analysis of 

vulnerability beyond the simple view of species to more aggregated and functional 

classifications. This study will ideally help inform conservation planning and window collision 

mitigation efforts. I recommend future research build on my study by exploring the mechanisms 

that lead migratory species or canopy foragers to collide with windows.  
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