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Seasonal, Taxonomic, and Local Habitat Components ofBird-windowColHsions on an Urban 

University Campus in Cleveland, 0 H 

\X'. CALVIN BoRDEN 1 and OWEN M. LocKHART2 Department of Biological, Geological, and Environmemal Sciences, Cleveland State University, 
Cleveland, OH, ANDREW \X'. JONES, Department of Ornithology, Cleveland Museum of Natural History, Cleveland, OH and MARKS. LYONS, 
Department of Biological, Geological, and Environmental Sciences, Cleveland Srnte Universiry, Cleveland, OH 

ABSTRACT. Migrating birds congregate near the shores of Lake Erie during migration and may be funneled through small green 
spaces within the urban matrix of Great Lake coastal cities, where they are at risk of.higher mortality from manmade structures. Bird 
deaths due to,vi ndowcollisions were assessed amongst a complexoflow-rise buildings ( <30 m) on a university campus in Cleveland, 
OH. A 1.8 km route was surveyed three times per week during a 12-month period. Deaths were tested against null hypotheses that 
season, taxonomy, and building attributes had no significant relationship with avian mortality. We recovered 271 dead birds of 
SO species, al! of which 'vere consistent with regional bird lists and Neotropical-Nearctic and North American migrants through 
Ohio. Deaths occurred non-randomly by week, month, and migratory status with 90 percent of deaths occurring during spring 
and fa!! migrations. Consequently, migrants (,varb!ers: 34 percent of species richness, 30 percent of deaths; sparrows: 14 percent 
of richness, 35 percent of deaths) were observed nine times more frequently than residents. Neotropical-Nearctic migrant species 
outnumbered North American migrant species. Although there was no statistical difference between the compass direction of a 
building facade and the number of deaths, deaths were not randomly distributed among campus buildings. Rather, significantly 
more deaths occurred at facades with higher percentages of glass. TI1e presence of trees within 5 m of a window and the reflection 
of trees in windows 'vere also associated with a greater risk of fatality. A better understanding of the factors associated with bird­
'vindow collisions is a pressing issue in the conservation of migratory birds. 

INTRODUC"fION 
Collisions with man-made structures are a significant source 

of avian mortality (Johnston and Haines 195 7, Crawfrml 1981, 
Kemper 1996, Morris and others 2003). In fact, bird-building 
collisions may be the second leading cause of human-induced 
avian mortality with a conservative estimate of550 million deaths 
annually in the U.S. (Erickson and others 2005 ). The primary cause 
of these collisions is plate-glass windows (Johnson and Hudson 
1976, Yanagawa and Shibuya 1989, O'Connell 2001, Klem and 
others 2004, Gelb and Delacretaz 2006, Hager and others 2008) 
due primarily to their properties of reflectivity and transparency 
(Klem 1989, 2006, Klem and others 2009). 

Identifying and assessing the roles ofintrinsic (bird discernment 
of windows, migration) and extrinsic (weather, habitat) factors 
leading to bird-window collisions is crucial to developing effective 
strategies of conservation. Studies evaluating bird-window collisions 
in urban habitats generallyagreethat birds often cannot detect glass 
(Klem 1989, 1990), most collisions result in death (67 percent in 
Gelb and Delacretaz 2009, 82 to 85 percent in Klem and others 
2009 ), bird fatalities do not statistically vary between age or sex 
(Johnston and Haines 1957,Klem 1989), and more collisions occur 
duringmigrationevents (Klem 1989, Yanagawa and Shibuya 1998, 
O'Connell 2001, Hager and others 2008) of which Nrntropical­
Nearctic migrants are most frequently killed (O'Connell 200 l, 
Hagar and others 2008, but see Klem 1989 regarding the role of 
resident status). Additionally, bird density is only a partial predictor 
of collision frequency (Hagar and others 2008). More collisions 
occur in the morning and almost always during daylight (Klem 
1989); however, poor flying conditions caused by weather do not 
result in more deaths (Klem 1989). One exception to the latter 
is anomalous weather events during which reduced visibility and 
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disorientation (Hebert 1970) are associated with large numbers of 
deaths at television towers (e.g. Crawford 1981, Morris and others 
2003). Obviously, the topic of bird mortalities is very complex, 
and a simple relationship between cause and effect ofbird-window 
collisions is not a realistic expectation. Rather, interactions among 
numerous characteristics of the local urban habitat (building 
attributes, extent of vegetation, presence of water) and bird density 
affect the frequency ofbird-window collisions (Hagar and others 
2008, Klem and others 2009). 

Bird densities are high along migratory pathways and the 
coastlines oflarge bodies of water, such as the Great Lakes, which 
act as temporary barriers and affect the distribution of birds 
(Gauthreaux and Belser 1998,Bonter and others 2009). Migrating 
birds that stop to rest and feed, select habitats characterized by 
forest cover and proximity to water (Bomer and others 2009). 
Along the coasts of the Great Lakes, these stopover sites take the 
form offorests, residential, and urban habitats and are all positively 
associated with migratory bird densities (Bonter and others 2009). 
Stopover sites greatly influence reproductive fimess as rheydictate 
migratory success (Schaub and Jenni 2001 ), allowforcompletionof 
pre basic molt (Winker and others 1991 ), and providesancrnaryand 
fr,od (Smith and others 1998). Within cities that border the Grear 
Lakes, often along migration flyways, stopover sites are fragmented 
and can take the form of green spaces within the urban matrix (e.g., 
Seewagen 2008) since they can meet the requirements of stopover 
habitat (Bomer and others 2009). Yet, the effects of an urban habitat 
adjacent to a large body of permanent water along an important 
flyway on bird-window collisions have not been addressed. 

Here we assess the impact of and relationship between low-rise 
buildings and adjacent green spaces on bird mortality at a small 
university cam pus in Cleveland, 0 H. TI1ecampuscomprises a dense 
arrayofrelatively low-rise buildings ( < 30 m tall) with the exception 
of two structures (Rhodes Tower, 111 m; Fenn Tower, 81 m). The 
campus lies on the southern edge of Lake Erie, a location known 
to concentrate birds in nearshore mix-cover habitats with in 10 km 
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of the coastline (Diehl and others 2003, Bonter and others 2009). 
ln addition, the southern coast of Lake Erie lies along multiple 
migration roures (Rappok and others 1979) and encompasses 
regionallyimportanthistoricaland contemporary(Williams 1950, 
Peterjoh n 2001, Diehl and others 2003, Rosche 2004, Bonter and 
others 2009) stopover ha bi tat. Several urban centers are found along 
the southern shore oH.ake Erie, indudingthe city of Cleveland as 
the anchor of a larger metropolis (population > 2.1 million, U.S. 
Census Bureau 2000). This study is an initial step to quantify the 
impact of low-rise buildings in an urban setting situated along 
known bird migration routes. Ourobjectiveswereto: ( 1) document 
the species richness and relative frequencies of birds killed due to 

building collisions, and (2) identify fatality patterns association 
with season, taxonomy, and building attributes. These hn din gs are 
crucial to initiate effective local conservation measures particularly 
among fragmented habitats in an urban matrix. 

MATERIALS AND METHODS 
We conducted a 12-month study on the campus of Cleveland 

State University (CSU) from 2007 February through 2008 
February. CSU ( 41°30'N, 81°4 l '\l\l) is located in downtown 
Cleveland, Cuyahoga County, 0 H, approximately 1.5 km from the 
nearest point on the southern shore of Lake Erie and stretches in 

an east-west direction (Fig. l ). Thestudyareais approximately0.15 
km2 and includes buildings of various ages, heights and materials 
with green spaces between buildings (Fig. 2). Green spaces within 
the campus indudedopen lawns, lawns with manicured vegetation 
beds, beds with a single or few trees, and areas with a denser cluster 
of trees. Green spaces extended between adjacent buildings and 
abutted building facades. Many of the buildings are connected 
by walkways that are enclosed by transparent or reflective glass, 
have interior lighting, and are elevated from the ground at the 
second or third floor. No bird deterrent mechanisms to reduce the 
number ofbird-window collisions were in place during this study. 
Several buildings or facades were intermittently inaccessible due 
to construction or had ledges preventing birds from falling onto 
the survey route; these sites were excluded from study. 

A standardized survey route (approximately 1.8 km) through 
the campus sampled a diversity of structures, compass directions 
of building facades, and green spaces on the campus. 111 is route 
;vas walked three days per week (typically Monday, \'Vednesday 
and Friday) during morning or late morning hours (daylight to 10 
a.rn.) to maximize recovery rates of fresh specimens (Klem 1989, 
Gelb and Delacretaz 2006). A total of 23 building faces plus 10 
elevated walkways were surveyed (Fig. I). The survey zone was an 
area within 5 rn of buildings and consisted of sidewalks, concrete 
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FlGTJRE 1.Stu . .ly site on the earn pus of Cleveland State Cleveland, OH. Insctrrups highlight the location of Ohio relative to North Arncrk:.i.ind the GreatL.ikes 
(6lled circle) and Clc:veland (filled star) relative to Ohio and Erie. Dash,:d lim:s indicate the sur!:eces Solid blaek bars indicate 10 elc:vated and glassed-in 

Onlyod . .l numbered streets arc labeled. East 21 ':and E 22'"! Streets continue underneath the Boxed letters lndt..::.ite the locations and 
ori~:ntations of photographs in Fig. 2. Buildings an-: shaded and id,-:ntified \.Vith a two-lenu abbreviation that is consistc·nr rhos~: us,-:d in th,-: tcH: BU. Busin~:ss Bldg; 
CB, Chester Bldg; CR, Corlene Bl...lg; FT, Fenn Tciwer; LB. Law Bldg; LL, Law Ubrary; MC, Main C!assroorn; MU, Musie Bl...lg; P1, f'ark.ing structure l; !''.'.,parking 
suucture 2; RC, R,:creation Ce ma; RT, Rhodes Tower: SH, Stilwell Hall; SJ. Science Bldg; UC. University Cmtc:r; UR, Urban Bldg. 
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FlGURE 2. Phorogr.1phs depicting the diversity in structural characteristics and in vegetation of buildings on the CSU 
RC-SH. Lake Erie is visible on the distant horizon. (C) Somh side of SJ. (D) East f.Ke of LL LB is to the left. 
orTL All photos by 0. Lockhart. 
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patios, driveways, mowed lawns, and manicured gardrn beds of 
shrubs and rrees (Fig. 2). Thus, the recovery rate of specimens was 
minimally impacted by obstructions to viewing the search area. 

During six weeks of the autumn migration additional surveys 
were performed that may have biased mortality counts. Hence, 
we corrected the number of bird deaths in a given week by the 
number of surveys conducted in that week and used those values 
in statistical analyses. \1(i7e recorded the species, specimen condition, 
location, date, building attributes, and local habitat for dead birds. 
Dead birds were salvaged and accessioned into the ornithology 
collection at the Cleveland Museum of Natural History. Injured 
birds were placed in shrubbery beyond the survey area. 

Several biases can lead to an underestimation of mortality 
including variation in searching efficiency and scavenger removal 
rates (Erickson and others 2005). \1(i7e believe searching efficiencies 
were minimally impacted by bird size, bird color, or surrounding 
vegetation since the survey zone consisted of manicured beds and 
pavement. Scavenger removal rates vary widely in the published 
literature (summarized in Erickson and others 2005). Urban 
scavengers [e.g., feral cats (Felis catus), striped skunks (Mephitis 
mephitis ), rats (Rattus spp.) J and human interference (e.g., 
pedestrians and university grounds crews) were observed during 
our surveys. \'Vhile we did not quantify the effect of scavengers, 
we frequently recovered decomposing and weather-damaged birds 
throughout the year. Based on th is and focused observations since 
the end of the study, ;ve suggest that scavenger removal rates were 
minimal. Finallv, we did not estimate the number of birds that 
collided and th~cn moved away from the survey zone only to die 
later. Therefore, our data are a conservative estimate ofbird deaths. 

Chi-square tests were applied to the null hypotheses that deaths 
were randomly distributed with respect to week, month, species, 
family, migratory class, and 'migrants' versus 'residents'. Species of 
dead birds were categorized as residents (RES), North American 
migrants (NAM),or Neorropical-Nearcticmigrants (NNM) using 
Peterjohn ( 2001) and Hager and others ( 2008 ). Categorizing birds 
in this manner ignored population-level differences that may, for 
example, identify NAM individuals as residents. 

Patterns of avian fatality were evaluated against building 
attributes, presence of rrees, and the interaction between the amount 
of glass and trees. Because all but one building (Fenn Tower, 81 m) 
was shorter than 30 m, we elected not to investigate the effect of 
building height on avian fatality. Klem and others (2009) found 
no statistically significant pattern between the number of deaths 
and building height. Given that 90 percent of the deaths occurred 
during spring and autumn migrations (23 weeks cumulative), we 
chose not to investigate the temporal role of building attributes 
on bird deaths. 

We determined the compass direction of each building facade 
to test the hypothesis that facade orientation was independent of 
bird strike incident. Facades were categorized as north or south 
facing (hereafter N-S) and east or west facing (hereafter E-\1\i7

), 

because deaths at elevated walkways could not be assigned to a 
single direction (e.g., if a bird is lyingdirectlyunderneath a walkway, 
did it strike the north or south face?). Relatively small sample sizes 
(N-S = 19 faces, E-W = 13 faces) also warranted the grouping of 
facade orientation for the sake of statistical analysis. Since birds 
were assumed to be striking buildings during descent, ascent, 
or foraging, ;ve hypothesized that they would be approaching 
green spaces from the best angle of approach regardless of their 
overall migration direction. Hence, ;ve used a t-test to test the 

null hypothesis that the mean number of deaths per face in each 
category would not differ. 

\'Ve also predicted that the greatest number of deaths would 
occur at glass facades with adjacent trees. The percentage of glass 
was calculated from digital photographs and ranged from 2.5 to 95 
percent. TI1ese data were bimodally distributed and could not be 
transfrirmed to conform to a normal distribution. TI1is was due to 

building facades having either "high" ( >45 percent) or "low" ( <31 
percent) percentages of glass, with no buildings between these two 
values. We evaluated the association between percentage ofglass and 
proximity of trees on deaths using a two-way AN Ov~i\ with glass 
coverage and tree presence/absence as the main factors. Fatalities 
were assigned to one offour categories based on the percentage glass 
(high: ~ 'J] percent, low: s: 31 percent) and trees (present, absent). 
The number of deaths was log-transformed [log

10 
(#of deaths + 

l)] to meet the parametric assumptions ofhomoscedasticity and 
normality. Three data points fell beyond ±5 standard errors of the 
mean of their respective groups, so analyses were perfr,rmed with 
and without these values for heuristic purposes. All test statistics 
were computed with SPSS soJiware (SPSS 16.0 for Windows, 
release 16.0.l, SPSS lnc., Chicago, lL) and evaluated at a = 
0.05. Deviations from normal distributions were assessed using 
Kolmogorov-Smirnov tests. 

RESULTS 
Survevs wereconductedon 137 davs (mean 2.6 ± 0.8 sdsurveys/ 

week), ar;d ranged fi:om one (two we~ks,in December) to five (one 
;veek in September) days per ;veek. A total of27 I dead birds was 
recovered, representing 50 species in 17 families (Table 1 ). Species 
identifications were consistent with published regional bird lists 
(Rosche 2004) and known Neotropical-Nearctic migrants in the 
Great Lakes basin. Deaths were not distributed uniformly across 
either species or family (Table 1, Kolmogorov-Smirnov Z = 
4.70, P < 0.001 and Z = 2.80, P < 0.00 l, respectively). Warblers 
(family Parulidae) comprised 34 percent of the species richness 
and 30 percent of the deaths. Sparrows and their relatives (family 
Emberizidae) were the most frequently killed (35 percent) but 
comprised only 14 percent of the species richness (Table 1 ). 
American Woodcock (Scolopax minor) was the only shorebird 
species encountered. 

A non-random distribution of deaths occurred by month 
(Kolmogorov-SmirnovZ = 1.96, P = 0.001; range: 0.0 to 7.1, mean: 
1.6 ± 0.6) and week (Kolmogorov-Srnirnov Z = 4.87, P < 0.00 I; 
range: 0.0 to 10.5, mean: 1.6 ± 0.3) and clearly reflected increased 
fatality during spring and fall migrations (Fig. 3). Consistent with 
that pattern, migrant species (NAM+ NNM, Table 1) were nine 
times more frequently observed dead than resident species (x2 
= 14.7, df = 2, P < 0.00 l ). TI1e species richness of dead NNM 
individuals (n == 27) outnumbered dead NAM individuals (n = 
8) even though fewer NNM individuals (n = 112) were killed 
(NAM= 127 .individuals). In northeastern Ohio, spring and 
fall migrations respectively correspond to mid-March into early 
June (12 weeks) and mid-August through October (11 weeks) 
(Rose he 2004). Spring and fall migrations collectively accounted 
frir 'l4 percent of the calendar year (23 weeks), but 90 percent of 
the dead birds (n = 245) ;vere collected during these two periods. 
The spring migration (23 percent of the calendar year) resulted in 
52 individuals (19 percent oHatalities) of24 species, and the fall 
migration (21 percent of the year) resulted in 193 individuals (71 
percent of fatalities) of 41 species. The most frequently observed 
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'I~"'BLE l 
Bird death~jTom bird-building strikes on the i.:1unp1-0· u_fC!evi:lanr! State llnivcrsi~yjTom 2007 Frbruar,y to 2008 FebruaJ)'· 

Taxa arc listed lffi.:ording to the .-lmerio:u; Ornithologist/ [Inion w11,w .. auu.o>r('J. The superscript "RES" indicate~; a _year-round rrsiden/) 

Order brnily Species 

Trnd1ilidac: Ru by-throat,-:d I-{umrn ingbird (.irrhiloi.:hus .:of ubris)NNM 

Charad rii t~.)rmes /\maican \'{7oodi.:ock 

Columbiforrnes Columbi.lae Rock Pigeon ( Columba iivia y.::s 

lviourning Dove (Zenaida mlffrotmz )NAM 

CuculifOrn1es Cuculidac Yellow-billed Cuckoo 

Bombycillidae Cc·dar \'{/ax-wing 

Cardinalidae Northern Cardinal ( Cardinali.s cardinaii.s )RES 

Bunting (Passcrina 

Rose-breasted Grosbeak: (Pheurtirus !udoviri1mus)Nr-.nl'. 

Cathiidae Brov,rn Cr~:eper ( Ccrthilz. anti:rirana Y'uui. 

Ernbaizida~: Gr.--isshoppu Sparrow (Awwodnun:ts savannarum y·•NM 

D.irk-cyedJLrnco (/unw 

S-..va.mp Sparrow 

Lincoln's Sparrow 

\Xrhite-throatt:..l Sparrow (Zonotrichia afbi(.:olli~·)NAM 

\"Vhite-..::rowned Sparrcnv (Zonotric/;fa 

unidcntiticd sparrov~r 

Gr.--iy C~atbird (Dwncte!la oz.ro!inntsis)"'NM 

Paridac Blad:-capr,:d Chickadee 

Parulidac 

YelloviT-rurnped \~?arbler (l)cndroica cm·onata)NAM 

Palm VVarbler 

Black poll \X"arblcr (Dendroira striata/1NM 

Common Ycllowthrnat trichas )NNM 

Black-.ind-white \Y~'J.rblcr (J\1niotilta wirilrY1NM 

lviourning \\Zubler 

N 

2 

() 

18 

12 

38 

17 

., 
L 

4 

2 

4 

() 

VOL. 110 



OHIO JOURNAL OF SCIENCE W.C. BORDEN AND OTHERS 49 

species during the spring migration were the White-throated 
Sparrow (n = 5, Zonotrichia a!bimllis ), Common Yellowthroat (n 
= 5, Geothlypis trichas), and Ovenbird (n = 5,Seiurus aurocapi!lus). 
During the fall migration, the \Vhite-throated Sparrow (n = 32), 
Nashville Warbler (n = 14, Oreoth6pisru/irapilla), Swamp Sparrow 
(n == l 4,Alelospizagem-;giana), and Brown Creeper (n = 14, Certhiu. 
u.mericana) were the most frequently observed fatalities. 

Habitat and buildingparametersvariablyaffected bird fatalities. 
No bird deathswereobservedatthetallest buildingin the study(S l 
m, FT~ Fig. 2G). There was no statistical difference in mean deaths 
per face (t = -0.03, P = 0.91) between north-south (n = 147,mean: 
7.74 ± 9.97) and east-west (n = 116, mean: 8.29 ± 15.38) facing 

facades over the course of the year. During each migration, more 
deaths occurred at N-S than E-\V facades. In subsequent analyses, 
facade orientation was not considered. 

More glass in a building's facade was positively associated with 
more bird fatalities (F 

1
_
29 

= 13.165, P = 0.001 ). But deaths did not 
significantly increase in the presence of trees (F 

1
_ 

29 
== 0.236, P == 

0.631) or due to the interaction (i.e., reflections) between glass and 
trees (F 

1 29 
= 1.310, P == 0.262) (Fig.4A). Further analysis revealed 

that th re~ sites were five or rnorestandarderrors from their respective 
means. One site, the north side of RC (low glass - no trees) had 
deaths (n==38) characteristicoffacadeshavingmorethan 47 percent 
glass ("high glass" category). Though this facade had a relatively 

TABLE 1 (cont.) 
Bird dcathsjrom hird-building strikes o;; the campus o_(Ciet•efand State GJ1.iversit;rjrom 2007 FebruaJ'} to 2008 Fehrullr)1. 

Ta.Ya are listed acrording to the American Ornithologists' Union 

'~V_,,-1_]1,J )) indicates a f\/orth American migrant) 1md 'J.VlVlvf'·' is a _l\feotropiral-_l\fe1zrctic migrant, 

Order F.unily Species N 

Northern \~x;'dtcrthrush (Pm·kesilr not•eboraccnsis)NNM 

Tennessee \>?arblcr ( Orcoth~rpis peregrina)NNM 3 

Nashville Warbler 15 

Ovenbird 10 

\1\/ilson 's \1V'irbler 

unidentified warbler 

Pa.m:ridae 

Rc:gulidae Golden··aown~:d 

Ruby-crov.rncd Kinglet cafcnduLi)NAM 2 

Sittidae Red-breasted Nuthatch (Sitt1z canadensisY"rAM s 

\>?bite-breasted Nuth.uch (Sitflz carolinensis)''u~ 

Marsh \\7rrn 

House \1V'rcn 

\1V'intcr \'Vren 

'fordidae Gray-cheeked Thrush ( Catharus m inimus )NNM 

Swainson 's 111 rush ( Catharus ustulatus/JNM 

2 

11 

unidentified thrush ( Cztharus spp,) 

PicifOrn1es Picid.1e Northern Flicker 

Yellow-bellic·d Sapsucker (,)tfJV1nv1rnsvarius)NAM 

unidcn ti Gd bird 3 

271 
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small percentage of glass, essentially all rhe glass fr,rmed a single 
pane under which most fatalities were recovered. The remaining 
two sites were unusually short walkways MC-SI and BU-UR with 
treated glass that muted reflections. Despite these walkways being 
95 percent glass, we did not observe any fatalities assodated with 
these structures. \)(Then these three data points were excluded 
from the A NOVA, larger glass surfaces (F i.

26 
= 67.25, P < 0.001 ), 

the presence of trees (Fi. 20 = 8.70, P == 0.007), and the reflection 
of trees by windows (F

1 
,
6 
= 7.089, P = 0.013) were statistically 

associated with signiflca;1-tly more bird deaths (Fig. 4B). Trees had 
no statistical effect on deaths when the percentage of glass was less 
than 47 percent (Fig. 4A, B). 

DISCUSSION 
Based on the number of deaths, taxonomic richness, and 

temporal patterns, our results suggest that complexes oflow-rise 
commercial buildings pose significant hazards to migrating birds. 
Thus, the discussion ofbird-buildingstrikes should not be limited 
to tall buildings (e.g., Gelb and Delacretaz 2009) and other tall 
structures (e.g., Kem per 1996, television towers) previously known 
to cause large numbersofdeaths. TI1eseasonal patternsofincreased 
deathsduringrnigration events are consistent with a growing list of 
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observations across North America (Johnson and Hudson 1976, 
Blem and Willis 1998, Crawford and Engstrom 2001, Hager and 
others 2008, Gelb and Delacretaz 2009) and in Japan (Yanagawa 
and .Shibuys 1998). Sparrows, warblers, Brown Creepers and 
thrushes are the most commonly observed fatalities in our study 
and echo the taxonomic distribution of deaths tallied by Gelb and 
Delacretaz (2009) in NY during migrations. We observed 3.7 times 
more deaths during autumn than spring migration, consistent with 
expected migration numbers (immature birds in the fall augment 
total migration numbers corn pared to spring) and previous studies 
(Klem 1989, Crawford and Engstrom 2001, O'Connell 2001, 
Hager and others 2008, Gelb and Delacretaz 2009). 

\v'e did not contrast mortality in nocturnal versus diurnal 
migrants. It is tempting to assume that the percentage glass should 
have no bearing on deaths of nocturnal migrants sue has passerines. 
Yet, nocturnal migrants (warblers, sparrows) are the two most 
commonly observed groups of dead birds, and most collisions occur 
in the hours following dawn (Klem 1989, DeCandido 2005, Gelb 
and Delacretaz 2.006, 2009). Nocturnal migrants reorient toward 
land and descend at dawn into protective cover where they rest and 
forage. This pattern is consistent with conclusions drawn from radar 
ornithology over Lake Erie (Diehl and others 2003 ). During early 
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morning descent birds appear most susceptible to collisions. This 
scenario may also suggest why building height is a poor predictor 
ofbird mortality (DeCandido :W05, Klem and others 2009). 

In urban and suburban areas such as metropolises bordering 
the Great Lakes, stopover sites increasingly take the form of 
residential neighborhoods, parks, and landscaped green spaces. 
Bird fatalities at CSU are clustered into a fow hot spots (i.e., 
green spaces), characterized by large areas of sheet glass windows 
and adjacent vegetation taller than five meters. Sites where 
vegetation, glass windows, and permanent water converge and cause 
disproportionately high nurn bers ofoirddeaths are "migrant traps" 
( O'Connel1200 l ). 111esetraits areconsistentwith earn pus hotspots 
(e.g., Fig. 2A, 2D) and help explain the variability of bird deaths 
among buildings. Our results support the tenet that local habitat 
characteristics can greatly exacerbate the prevalence ofbird-window 
collisions (Klem 1990, O'Connell 2001, Klem and others 2004, 
2009, Gelb and Delacretaz 2006, 2009, Hager and others 2008). 
Finally, the three extreme data points are informative and hint that 
building attributes not measured in this study (e.g., glass treatments, 
the areaofcontiguous glass surface ratherthan strictly the percentage 
of total glass) may be relevant parameters when assessing causative 
factors leading to bird-window collisions. For example, reflective 
glass yields more collisions (Klem and others 2009). 

TI1is year-long study is the first to investigate the association 
between local habitat and building factors with bird fatalities 
among a suite of low-rise buildings aligned within an important 
migratory pathway. Our results support many of the published 
temporal, taxonomic, and habitat patterns in deaths from bird­
window collisions. lvlore importantly, we demonstrate that low­
rise buildings with adjacent green spaces are significant hazards to 
migrating birds, even when such buildings occur within a highly 
urbanized environment. The large number of dead migrants 
highlights their abilities to find small green spaces hidden within a 
city and emphasizes the biological value offragmented green spaces 
to migrating birds. Ir also reinforces the urgency to mitigate the 
impact of architecture on the number of bird-window collisions. 
Additional studies that contrast urban coastal and urban inland 
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sites and quantify the effect of site proximity ro migration routes 
are needed. 
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