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October 6, 2020 

 

Mr. Nicolas Sweeney 

Soluri Meserve 

510 8th Street 

Sacramento, CA 95814 

 

Subject:   Comments on the Draft Environmental Impact Report for the California 

Northstate University Medical Center Project 

 

Dear Mr. Sweeney: 

 

This letter contains my comments on the Draft Environmental Impact Report (“DEIR”) prepared 

by the City of Elk Grove (“City”) for the California Northstate University Medical Center 

Project (“Project”).  California Northstate University (“Applicant”) is proposing to expand its 

facilities and services to provide emergency and other medical related services in the western 

portion of the City. At buildout, the Project would consist of an expanded pharmacy and medical 

college, medical center (hospital) with a helicopter landing pad (helistop), out-patient clinic, 

medical office building, two parking structures with accessory retail, a dormitory, one parking 

structure with roof-top sports facilities, a central plant and mechanical yard, public gathering 

spaces, and surface parking. 

 

I am an environmental biologist with 27 years of professional experience in wildlife ecology and 

natural resources management.  I have served as a biological resources expert for over 125 

projects in California.  My experience and scope of work in this regard has included assisting 

various clients with evaluations of biological resource issues, reviewing environmental 

compliance documents prepared pursuant to the California Environmental Quality Act 

(“CEQA”) and the National Environmental Policy Act (“NEPA”), and submitting written 

comments in response to CEQA and NEPA documents.  My work has included the preparation 

of written and oral testimony for the California Energy Commission, California Public Utilities 

Commission, and Federal courts.  My educational background includes a B.S. in Resource 

Management from the University of California at Berkeley, and a M.S. in Wildlife and Fisheries 

Science from the Pennsylvania State University.  A copy of my curriculum vitae is attached 

hereto. 

 

The comments herein are based on my review of the environmental documents prepared for the 

Project, a review of scientific literature pertaining to biological resources known to occur in the 

Project area, consultations with other biological resource experts, and the knowledge and 

experience I have acquired during my 27-year career in the field of natural resources 

management. 
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PROJECT DESCRIPTION 

 

The Project would include helicopter flights to and from the hospital.  These activities are 

inadequately described, thus precluding full understanding of the Project’s potentially significant 

impacts on biological resources.  Whereas the DEIR identifies the proposed flight path (along I-

5), it states that alternative routes may be necessary “under certain weather conditions or in the 

case of a life-threatening emergency.”1  The DEIR fails to identify the locations of those 

alternative routes.  In addition, the DEIR fails to identify the alternative routes that would be 

implemented to comply with Mitigation Measure 3.3-2d.  This mitigation measure requires an 

alternative flight route between September 15 and March 31 to avoid impacts to sandhill cranes.  

In addition, it requires an alternative flight route to avoids areas within 0.5-mile of Swainson’s 

hawk or white-tailed kite nests during the nesting season (i.e., between March and August for the 

Swainson’s hawk, and between February and October for the white-tailed kite).2  The DEIR’s 

failure to identify the alternative flight routes precludes the ability to assess: (a) potentially 

significant impacts associated with the alternative flight routes, and (b) the feasibility of 

Mitigation Measure 3.3-2d.  

 

PROJECT IMPACTS ISSUES 

 

Swainson’s Hawk 

 

The DEIR provides the following analysis of helicopter activity and the impacts it could have on 

Swainson’s hawks: 

As discussed previously, there are several known Swainson’s hawk nests adjacent to the 

proposed flight path, including one approximately 0.2 mile west of the Project site, where 

a helicopter would presumably be descending during approach to the hospital and 

ascending during departure. Noise associated with an approaching or departing helicopter 

is not expected to be significantly greater than existing conditions adjacent to I-5 (i.e., 

automobile traffic noise), as supported by a recent helicopter noise report (SM&W 2020), 

and it is possible that Swainson’s hawks nesting adjacent to the proposed flight path have 

become acclimated to a baseline of anthropogenic noise. However, the discrete, sudden 

sound of a helicopter descending or ascending nearby may result in a disturbance 

response from a nesting Swainson’s hawk different from that created by the consistent 

vehicle noise emitted from I-5. Additionally, the existing ambient noise is concentrated 

along I-5, whereas helicopter flights may potentially fly directly over a nest during 

emergencies that necessitate flying over the refuge. An approaching or departing 

helicopter would be a novel visual stimulus to a nesting Swainson’s hawk, and it is 

possible that this stimulus would cause agitation or would cause a hawk to flush from its 

nest, especially if the helicopter flies closer to the nest than the I-5 corridor. The 

proximity of this nest to the proposed flight path increases the risk of a Swainson’s hawk 

flushing and being killed as a result of a collision with an approaching or departing 

 
1 DEIR, p. 2-52. 
2 California Department of Fish and Wildlife. 2014. California Interagency Wildlife Task Group. CWHR version 9.0 

personal computer program. Sacramento, CA. 



 

 3 

helicopter. Additionally, the novel and repetitive disturbance source may result in 

abandonment of an established Swainson’s hawk nest site.3 

 

The DEIR’s analysis is deficient for three reasons.  First, although the DEIR suggests there are 

“several known Swainson’s hawk nests adjacent to the proposed flight path,” it identifies only 

one of those nests.4  This precludes understanding of: (a) how many Swainson’s hawk nests (or 

nesting territories) might be impacted by the Project, and (b) how many Swainson’s hawks 

would be susceptible to being killed by an approaching or departing helicopter. 

 

Second, the DEIR’s statement that “[n]oise associated with an approaching or departing 

helicopter is not expected to be significantly greater than existing conditions adjacent to I-5 (i.e., 

automobile traffic noise)” is inconsistent with the data provided in the Applicant’s helicopter 

noise report.5  Specifically, there were substantial increases in noise levels at both monitoring 

stations within the Stone Lakes National Wildlife Refuge (“Refuge”) during the helicopter test 

flights.6  In addition, because the noise data were collected at only two monitoring stations 

within the Refuge, and because those two stations were less than 400 feet apart,7 they cannot be 

used to estimate helicopter noise levels in other portions of the Refuge.   

 

Third, although the DEIR acknowledges helicopters may fly directly over nests during 

emergencies, the DEIR does not discuss how often those circumstances might occur.  This 

precludes understanding of how often helicopters might fly over Swainson’s hawk nests or other 

sensitive habitat areas within the Refuge. 

 

Impacts of Noise on Wildlife 

 

Construction Noise 

 

The DEIR states that noise associated with construction of the Project could impact Swainson’s 

hawks, white-tailed kites, burrowing owls, sandhill cranes, and other special-status bird species 

that occupy habitat in the Stone Lakes National Wildlife Refuge.8  However, the DEIR fails to 

provide the data or analysis needed to understand the severity of this impact.  Specifically, the 

DEIR’s analysis is limited to impacts on noise-sensitive (human) receptors immediately adjacent 

to the Project site;9 there is no quantitative data or analysis pertaining to anticipated noise levels 

in the Refuge during construction of the Project.  This precludes the ability to understand: (a) the 

degree to which Project construction would increase noise levels in the Refuge; (b) the 

geographic extent of construction noise impacts on wildlife; and thus, (c) the sufficiency of the 

mitigation proposed in the DEIR.  Furthermore, the noise impacts analysis that was conducted 

for the Project only considered noise at the “A scale,” which is not the appropriate scale for 

analyzing impacts to wildlife taxa that are sensitive to noise at low frequency levels.  Ortega 

(2012) provided the following discussion of this issue: 

 
3 DEIR, p. 3.3-21. 
4 DEIR, Table 3.3-1. 
5 DEIR, Appendix J, Tables 2 through 4. 
6 Ibid, Table 3. 
7 DEIR, Appendix J, Figure 3. 
8 DEIR, pp. 3.3-14 
9 DEIR, Figure 3.11-1 and Table 3.11-12. 
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Not all sound pressures are perceived as equally loud because the ear (human or 

nonhuman) does not respond to all frequencies equally. For our convenience, 

we use a filter on sound level meters that respond to frequencies similarly to the human 

ear. This filter provides measurements on the “A scale,” weighted for the range of human 

hearing. It is the most commonly used scale because much of our concern about noise is 

anthropocentric. In studies of potential effects of noise on nonhuman animals, especially 

those able to hear low frequencies, the C scale can be useful. For example, compared 

with humans, doves have ~40 dB more sensitivity at 1–10 Hz (Yodlowski et al. 1977, 

Kreithen and Quine 1979, Warchol and Dallos 1989, Schermuly and Klinke 1990); 

therefore, sounds in this range must be louder for us to hear them. The C scale used in 

conjunction with the A scale is useful to identify low-frequency sound because if the 

sound pressure levels consistently measure higher on the C scale than on the A scale, the 

difference might be explained by low-frequency noise. Alternatively, the distribution of 

acoustic energy can be assessed via analysis of recordings of the sound.10 

 

Because the Project would be constructed in three phases over approximately 10 years, noise 

associated with operation of the hospital (e.g., helicopter noise) would occur concurrent with 

construction noise.  The DEIR provides no analysis of how the combined noise levels of 

operation and construction might exacerbate impacts on special-status species and other wildlife 

that depend on the Stone Lakes National Wildlife Refuge as habitat.  For these reasons, the DEIR 

fails to provide an adequate assessment of construction noise and the potentially significant 

impacts it could have on wildlife in the Refuge.   

 

Helicopter Noise 

 

The Applicant’s consultant monitored noise levels at 11 locations during helicopter test flights to 

estimate noise levels associated with helicopter flights to and from the hospital.  Although two of 

the noise monitoring stations were located near the edge of the Refuge, data from those stations 

were biased in two ways.  First, both stations were located along Elk Grove Boulevard11 where 

traffic noise levels are elevated.12  As a result, data on ambient noise levels at those two stations 

do not necessarily reflect ambient noise levels in other portions of the Refuge.  Second, both 

stations were located in a portion of the Refuge where the helicopter had diverged east of I-5.13  

Consequently, the data do not accurately reflect helicopter noise levels in other portions of the 

Refuge where the helicopter would be flying above I-5 (i.e., where there would be a shorter 

distance between the helicopter and the Refuge).  For these reasons, the DEIR fails to provide an 

adequate assessment of helicoper noise and the potentially significant impacts it could have on 

wildlife in the Refuge. 

 

  

 
10 Ortega CP. 2012. Effects of Noise Pollution on Birds: A Brief Review of Our Knowledge. Ornithological 

Monographs 74:6-22. 
11 DEIR, Appendix J, Figures 2, 3, and p. 48 (“Position 9”). 
12 City of Elk Grove. 2018. Draft Environmental Impact Report for the General Plan Update. Figure 5.10-2. 
13 DEIR, Appendix J, Figure 3. 
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Invasive Plants 

 

Invasive plants threaten native diversity, alter ecosystem processes, and can cause extinction of 

native species.14  Indeed, next to habitat loss, invasive species pose the greatest threat to the 

nation’s biodiversity and natural resources.15 

 

The Applicant’s Landscape Master Plan indicates the Applicant intends to plant Schinus molle 

(Peruvian pepper tree or California pepper tree) at the Project site.16  S. molle is an invasive 

species in California.17  According to the California Invasive Plant Council (“Cal-IPC”): 

Pepper trees are native to South America (despite the fact that Peruvian peppertree is 

sometimes called California peppertree). Seeds are transported by birds and mammals 

into natural areas. The aggressive growth of peppers enables them to displace native trees 

and form dense thickets in natural areas. They produce undesirable suckering and sprout 

unwanted seedlings. A serious problem in southern California. Less of a problem in the 
San Francisco Bay Area and Central Valley, but care should be taken if planting near 

wildlands.18 

 

Accordingly, the CAL-IPC identifies S. molle as an invasive plant that should not be planted in 

the Central Valley.19  Planting S. molle at the Project site could cause significant indirect impacts 

on surrounding ecosystems, including the Stone Lakes National Wildlife Refuge.  The DEIR 

fails to disclose, analyze, or incorporate mitigation for those impacts. 

 

Avian Collisions (Impact 3.3-2) 

 

The DEIR acknowledges that the proposed hospital would be more than 200 feet taller than 

existing buildings at the Project site, and that it would pose a collision hazard to birds.20  The 

DEIR further acknowledges that the Project site is located near Stone Lakes National Wildlife 

Refuge, which provides habitat for thousands of shorebirds and waterfowl.21 

 

In its analysis of avian collisions with buildings, the DEIR conveys Loss and others’ (2014) 

conclusion that geese, ducks, and herons have a comparatively low risk of collision.22  Loss et al. 

(2014) examined building collision data from 35 studies, most of which were conducted during 

 
14 Vitousek P. 1990. Biological invasions and ecosystem processes: towards an integration of population biology and 

ecosystem studies. Oikos 57:7–13. 
15 U.S. Department of the Interior, Office of Congressional and Legislative Affairs. 2013. Invasive Species 

Management. Statement for the Record: U.S. Department of the Interior Before the House Natural Resources 

Subcommittee on Public Lands and Environmental Regulation's oversight hearing on "Invasive Species 

Management on Federal Lands." 
16 See Project Plans, Sheets L1.0 and L1.1. 
17 CAL-IPC. 2020. The CAL-IPC Inventory [website]. Available at: <https://www.cal-ipc.org/plants/inventory/>. 

(Accessed 5 Sep 2020). 
18 CAL-IPC. 2020. Don’t Plant a Pest! Central Valley. Available at: <https://www.cal-

ipc.org/solutions/prevention/landscaping/dpp/?region=centvalley>. (Accessed 30 Aug 2020). 
19 Ibid. 
20 DEIR, p. 3.3-19. 
21 DEIR, p. 3.3-18. 
22 DEIR, p. 3.3-20. 
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migration in urban areas east of the Mississippi River (e.g., New York, Toronto, Philadelphia).23  

The authors used the data from those studies to calculate the “average vulnerability” of various 

taxonomic groups irrespective of building height, type, or location.  Compared to other 

taxonomic groups, the average vulnerability of ducks, geese, and herons was low.  However, that 

does not mean there is low risk of ducks, geese, and herons colliding with the proposed hospital 

building.  As Loss and others (2014) reported in their publication, the majority of their data was 

derived from studies conducted during migration in urban areas (i.e., buildings away from 

waterbird habitat).24  In addition, the majority of the studies (55%) were conducted at buildings 

less than 12 stories tall.25  Thus, the environmental setting associated with the studies examined 

by Loss et al. (2014) is not comparable to the environmental setting at the Project site. 

 

Geese, ducks, and herons fly at high altitudes during migration,26 and thus rarely fly within the 

airspace occupied by buildings.  Therefore, it is not surprising that Loss et al. (2014) reported 

low “average vulnerability” values for geese, ducks, and herons because the data used to 

calculate those values were biased towards fatalities at buildings in urban areas during 

migration.27  In other words, one would expect few duck collisions with buildings in urban areas 

during migration because ducks are flying well above even the tallest buildings and have no 

reason to descend due to the lack of habitat (in urban areas). 

 

Contrary to most (or all) of the buildings in Loss and others’ study, the 261-foot-tall hospital 

building would be located in close proximity to a wildlife refuge, which serves as wintering 

habitat or a migratory “stopover” point for thousands of migratory birds, including geese and 

ducks.  These birds will not be flying at high altitudes, such as those (geese and ducks) in the 

studies examined by Loss et al.  Instead, they will be flying at low altitudes as they ascend, 

descend, and move between the two sides of the Refuge (i.e., east and west sides of I-5).  This 

makes them susceptible to collision with the Project’s buildings.  As a result, the low collision 

risk reported by Loss et al. (2014) does not apply to the Project, and it is not evidence that the 

Project would have a less than significant impact on the thousands of migratory birds that rely on 

the Stone Lakes National Wildlife Refuge as habitat.  

 

The DEIR also misrepresents the results of the Loss et al. (2014) study with respect to species at 

greatest risk of building collisions.  According to the DEIR: “[a] review study that examined 

published literature regarding bird collisions with buildings in the United States concluded that 

the bird species with the greatest risk of collision with buildings include hummingbirds and other 

common songbird species (Loss et al. 2014).”  Whereas Loss et al. reported a highly 

significant correlation between fatality counts and population size, the authors also reported: 

“[s]even species that are disproportionately vulnerable to building collisions are national Birds of 

 
23 Loss SR, T Will, SS Loss, PP Marra. 2014. Bird-Building Collisions in the United States: Estimates of Annual 

Mortality and Species Vulnerability. The Condor 116:8–23. p. 19 and Table 1. 
24 Ibid. 
25 Ibid, p. 12 and Table 1. 
26 DEIR, p. 3.3-20. See also Lincoln FC, SR Peterson SR, JL Zimmerman. 1998. Migration of birds. Circular 16. 

Washington DC: U.S. Department of the Interior, U.S. Fish and Wildlife Service. pp. 30 and 31. See also Evans 

Ogden LJ. 1996. Collision Course: The Hazards of Lighted Structures and Windows to Migrating Birds. World 

Wildlife Fund Canada and the Fatal Light Awareness Program, Toronto, ON, Canada. 
27 Loss SR, T Will, SS Loss, PP Marra. 2014. Bird-Building Collisions in the United States: Estimates of Annual 

Mortality and Species Vulnerability. The Condor 116:8–23. p. 19. 
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Conservation Concern and 10 are listed regionally.”28  For species already at risk from a 

multitude of pressures, the deaths caused by building collisions only exacerbate the threats of 

population decline and even extinction.  The DEIR must be revised to accurately reflect the 

relationship between building collisions and avian population declines, especially for the special-

status species that occur in (or migrate through) the vicinity of the Project site. 

 

Consistency with Local Plans and Policies 

 

Page 3.3-25 DEIR states the following regarding impacts to trees protected under the City’s 

Municipal Code: 

As required under City of Elk Grove Municipal Code Chapter 19.12: Tree Preservation 

and Protection (see full discussion of this code in Section 3.3.1, “Regulatory Setting”), 

the Project Applicant prepared an arborist report that identified and mapped all trees 

within the Project site; determined whether any trees qualified as regulated trees under 

the Municipal Code (i.e., landmark trees, trees of local importance, secured trees, trees on 

City property); and determined the size, health, and condition of all the trees (Fong & 

Chan Architects 2019). The Project site contains eight trees considered trees of local 

importance that would be located in Phase 2, and all are coast live oak (Quercus 
agrifolia) with DBH greater than 6 inches (Fong & Chan Architects 2019). The Project 

site does not contain any landmark trees, secured trees, or trees on City property (Fong & 

Chan Architects 2019).  

 

Project implementation would result in removal of up to 313 trees within the Project site, 

as well as three off-site trees within the Elk Grove Boulevard median as part of the 

construction of the emergency left-turn pocket. However, the Project but would not 

remove the eight trees considered trees of local importance.  

 

The DEIR misrepresents the information provided in the arborist’s report.  The arborist identified 

eight (coast live oak) trees of local importance at the site.  Whereas she did not believe any of the 

other trees are Landmark, Secured, Right-of-way, or City property trees, she noted: “[t]he City of 

Elk Grove should confirm this.”29  The DEIR provides no evidence that this information has 

been confirmed by the City.   

 

The DEIR’s statement that the Project would not remove the eight trees considered trees of local 

importance is inconsistent with the Arborist Report and the Applicant’s Landscape Plan.  The 

Arborist Report indicates one of the trees would be removed (#149), and that design 

modifications may be required to retain another one of the trees (#151).30  The Applicant’s 

Landscape Plan suggests all eight trees would be removed and replaced with non-native 

“evergreen screen trees.”31 

 

For these reasons, the DEIR fails to demonstrate the Project would comply with the City’s 

Municipal Code pertaining to tree preservation and protection. 

 
28 Ibid, p. 16. 
29 Krebs KJ. 2019 Jun 26. Arborist Report: California Northstate University Medical Campus. p. 8. 
30 Ibid, Table 1. 
31 See Project Plans, Sheets L1.0 and L1.1 depicting “existing trees to remain,” which do not include the eight trees 

of local importance mapped in Exhibit B of the Arborist Report. 
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MITIGATION ISSUES 

 

Swainson’s Hawk (Mitigation Measure 3.3-1a) 

 

The California Department of Fish and Wildlife (“CDFW”) recommends project proponents 

implement the Swainson’s hawk survey protocol developed by the Swainson’s Hawk Technical 

Advisory Committee (“SHTAC”).32  The protocol is designed to “maximize the potential for 

locating nesting Swainson’s hawks, and thus reducing the potential for nest failures as a result of 

project activities/disturbances.”33  To accomplish this objective, the protocol outlines the 

appropriate survey periods and the number of surveys that should be conducted during each 

period.  According to the protocol: 

To meet the minimum level of protection for the species, surveys should be completed 

for at least the two survey periods immediately prior to a project’s initiation. For 

example, if a project is scheduled to begin on June 20, you should complete 3 surveys in 

Period III and 3 surveys in Period V. However, it is always recommended that surveys be 

completed in Periods II, III and V. Surveys should not be conducted in Period IV.34 

 

Based on the protocol, at least four independent surveys are needed to locate Swainson’s hawk 

nests that may be impacted by Project activities.35   

 

The DEIR acknowledges the Project site is located adjacent to known Swainson’s hawk nesting 

occurrences, and that disturbance associated with the Project may result in nest abandonment, 

nest failure, or mortality of chicks or eggs.36  Nevertheless, the DEIR does not require the 

Applicant to conduct surveys that adhere to the SHTAC protocol.  Instead, it requires an 

unspecified number of “preconstruction surveys for nesting raptors…no more than 7 days prior 

to initiation of construction activities.”37  Not only does the DEIR fail to require the number of 

surveys specified in the SHTAC protocol, but its limitation on the timing of the surveys (i.e., no 

more than 7 days prior to initiation of construction activities) precludes adherence to the 

protocol.  This is especially problematic if Project activities are initiated between April 28 and 

June 17, because the preconstruction surveys required under MM 3.3-1a would be conducted 

when Swainson’s hawk nests “are extremely difficult to locate…and even the most experienced 

surveyor will miss them.”38  For these reasons, MM 3.3-1a does not ensure Swainson’s hawk 

nests would be detected, and thus, that Project impacts on the Swainson’s hawk would be 

reduced to less-than-significant levels as claimed in the DEIR. 

 
32 See California Department of Fish and Wildlife. 2020. Survey and Monitoring Protocols and Guidelines [website]. 

Available at: <https://wildlife.ca.gov/Conservation/Survey-Protocols#377281284-birds>. (Accessed 31 Aug 2020). 
33 Swainson’s Hawk Technical Advisory Committee. 2000. Recommended Timing and Methodology for 

Swainson’s Hawk Nesting Surveys in California’s Central Valley. p. 1. Available at: 

<https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=83990&inline>. (Accessed 31 Aug 2020). 
34 Ibid, p. 2. 
35 Ibid, p. 3. According to the protocol, four surveys would be required if the Project is initiated prior to April 5. Six 

surveys would be required if the Project is initiated after April 5. 
36 DEIR, p. 3.3-14. 
37 DEIR, p. 3.3-16. 
38 Swainson’s Hawk Technical Advisory Committee. 2000. Recommended Timing and Methodology for 

Swainson’s Hawk Nesting Surveys in California’s Central Valley. p. 3. 
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Avian Collisions 

 

Building collisions are among the top anthropogenic threats to birds.  Loss et al. (2014) 

estimated that buildings kill roughly 2–9% of the North American bird population,39 whereas 

Nichols et al. (2018) estimated the number may be as high as 31%.40  Both studies concluded 

that bird species that are disproportionately vulnerable to building collisions may be 

experiencing significant population impacts from this anthropogenic threat.   

 

The DEIR acknowledges that the Project poses a threat to birds, especially due to its height, 

lighting, helicopter activity, and proximity to Stone Lakes National Wildlife Refuge.41  The 

DEIR further acknowledges that the new hospital building may lead to mortality of special-status 

bird species, and that the magnitude of mortality resulting from building collisions is difficult to 

predict.42  Nevertheless, the DEIR concludes that implementation of Mitigation Measures 3.3-2a, 

3.3-2b, and 3.3-2c would reduce the potentially significant impact on birds to a less-than-

significant level.  This conclusion is not justified, as explained below. 

 

Minimize Light and Glare from the Hospital Building (Mitigation Measure 3.3-2a) 

 

Mitigation Measure 3.3-2a requires the Applicant to implement Mitigation Measure 3.1-3, which 

requires: (a) each room with a window in the hospital building to be equipped with a curtain or 

blinds of sufficient thickness to avoid lighting from escaping from the window at night, and (b) 

nonreflective materials for all windows and glazing, or a design that eliminates daytime glare.  

There are three reasons why Mitigation Measure 3.1-3 does not reduce avian collisions to less 

than significant levels: 

 

First, as the DEIR acknowledges, these measures would reduce—but not eliminate—lighting 

associated with the hospital building.  Indeed, the DEIR concludes that nighttime lighting 

associated with the hospital building would be significant and unavoidable despite 

implementation of the measures prescribed in Mitigation Measure 3.1-3.  This is important 

because migratory bird species are attracted to lighted buildings during their nocturnal migration; 

this attraction causes a large amount of mortality because birds either immediately collide with 

lighted buildings or become entrapped by the light before later dying of collision or exhaustion.43 

 

 
39 Loss SR, T Will, SS Loss, PP Marra. 2014. Bird-Building Collisions in the United States: Estimates of Annual 

Mortality and Species Vulnerability. The Condor 116:8–23.  
40 Nichols KS, T Homayoun, J Eckles, RB Blair. 2018. Bird-building collision risk: An assessment of the collision 

risk of birds with buildings by phylogeny and behavior using two citizen-science datasets. PLoS ONE 13(8):1-23. 
41 DEIR, pp. 3.3-18 through -21. 
42 DEIR, p. 3.3-21. 
43 Loss SR, T Will, SS Loss, PP Marra. 2014. Bird-Building Collisions in the United States: Estimates of Annual 

Mortality and Species Vulnerability. The Condor 116:8–23. See also Evans Ogden LJ. 1996. Collision Course: The 

Hazards of Lighted Structures and Windows to Migrating Birds. World Wildlife Fund Canada and the Fatal Light 

Awareness Program, Toronto, ON, Canada. See also Evans Ogden LJ. 2002. Summary Report on the Bird Friendly 

Building Program: Effect of Light Reduction on Collision of Migratory Birds. Fatal Light Awareness Program, 

Toronto, ON, Canada. 
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Second, the requirement for curtains or blinds only applies to the patient rooms.  Other windows 

in the hospital building would emit light.44  These include the large glass windows on the north 

and south sides of the building.45  Studies have shown that buildings with large windows or a 

high percentage of glass kill a disproportionately high number of birds.46  Consequently, the 

large windows proposed for the north and south sides of the hospital building would not only 

emit a substantial amount of light, but they would also create a significant collision hazard for 

birds.  This issue is exacerbated by the Applicant’s plan to install 124 floodlights, 46 of which 

would be located in front of the hospital building.47  The impact is further exacerbated by the 

Applicant’s plan to install trees and other vegetation in close proximity to large glass windows 

that would extend to ground level.48  Numerous studies have shown that buildings with windows 

adjacent to vegetation kill numerous birds.49  Buildings that have windows at lower stories are 

the most dangerous because those windows are at or below canopy height and are more likely to 

reflect trees and other landscape features that attract birds.50  

 

Third, Mitigation Measure 3.1-3 applies only to the hospital building and not any of the other 

buildings proposed for the Project.  This is important because the collision hazard associated 

with glass and light emission is not limited to tall buildings; short buildings that do not 

incorporate bird-friendly design strategies can kill hundreds of birds per year.51   

 

Bird Collison Deterrence (Mitigation Measure 3.3-2b) 

 

Mitigation Measure 3.3-2b requires the Applicant to include Pilot Credit 55, “Bird Collison 

Deterrence,” as part of the LEED certification process.  According to the DEIR:  

Additionally, Pilot Credit 55 requires development of a 3-year postconstruction 

monitoring plan to monitor the effectiveness of the buildings and site design in 

preventing bird collisions, including potential design solutions and a process for 

 
44 DEIR, pp. 3.1-30, -31, 4-7, and Figure 3.1-37. 
45 DEIR, Figures 2-6, 2-9, 2-11, and 3.1-37. 
46 Klem D Jr, CJ Farmer, N Delacretaz, Y Gelb, PG Saenger. 2009. Architectural and Landscape Risk Factors 

Associated with Bird-Glass Collisions in an Urban Environment. Wilson Journal of Ornithology 121(1):126-134. 

See also Parkins KL, SB Elbin, E Barnes. 2015. Light, Glass, and Bird–building Collisions in an Urban Park. 

Northeastern Naturalist 22(1):84-94. See also Hager SB, H Trudell, KJ McKay, SM Crandall, L Mayer. 2008. Bird 

Density and Mortality at Windows. Wilson Journal of Ornithology 120(3):550-564. 
47 DEIR, Appendix B, Sheets LI0-1, LI1-0.1 and -0.2. The DEIR fails to identify the lumens associated with these 

RISE (model) floodlights (see Sheet LI3-0, which identifies light output as 0000 lumens). However, according to the 

manufacturer: “RISE delivers two times more Center Beam Candle Power than the market average across a broad 

range of lumen packages.” 
48 See DEIR, Figures 2-17 and -18. 
49 San Francisco Planning Department (and references therein). 2011. Standards for Bird-Safe Buildings. 42 pp. See 

also Gelb Y, N Delacretaz. 2009. Windows and Vegetation: Primary Factors in Manhattan Bird Collisions. 

Northeastern Naturalist 16(3):455-470. See also Klem D Jr, CJ Farmer, N Delacretaz, Y Gelb, PG Saenger. 2009. 

Architectural and Landscape Risk Factors Associated with Bird-Glass Collisions in an Urban Environment. Wilson 

Journal of Ornithology 121(1):126-134. 
50 Ibid. 
51 Hager SB, H Trudell, KJ McKay, SM Crandall, L Mayer. 2008. Bird Density and Mortality at Windows. Wilson 

Journal of Ornithology 120(3):550-564. See also Evans Ogden LJ. 2002. Summary Report on the Bird Friendly 

Building Program: Effect of Light Reduction on Collision of Migratory Birds. Fatal Light Awareness Program, 

Toronto, ON, Canada. See also Loss SR, T Will, SS Loss, PP Marra. 2014. Bird-Building Collisions in the United 

States: Estimates of Annual Mortality and Species Vulnerability. The Condor 116:8–23. 
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corrective action. This mitigation measure shall be implemented consistently with the 

performance standards in Mitigation Measure 3.1-3.52 

 

Contrary to what the DEIR suggests, there are no performance standards in Mitigation Measure 

3.1-3 (which indicates light and glare from the hospital would be significant and unavoidable).  

Therefore, there also are no performance standards for Mitigation Measure 3.3-2b. 

 

There are two factors that cause birds to collide with human-built structures.  The first is the 

lighting of structures at night, which “traps” and disorients many species of nocturnal migrants, 

making them vulnerable to collision with obstructions.53  Those birds that are not killed outright 

by impact with lit windows are disoriented by the light and continue to fly around the light 

source, often to the point of exhaustion (which often leads to death).54 

 

The second factor is the presence of windows, which birds in flight either cannot detect, or 

misinterpret.55  The visual system of birds is simply not capable of perceiving glass as a physical 

obstacle.56  In addition, almost every type of architectural glass under the right conditions reflects 

the sky, clouds, or nearby trees and vegetation.57  When this occurs, birds perceive the reflected 

environment as the actual environment and attempt to fly to it, subsequently hitting the glass.  

 

Although the DEIR incorporates design measures to reduce avian mortality, the Project 

continues to pose a significant collision risk to birds due its proximity to Stone Lakes National 

Wildlife Refuge (which provides habitat for thousands of birds), and because the hospital and 

other buildings associated with the Project would contain a substantial amount of glass 

(windows) and night lighting.  In other words, although the Applicant has incorporated design 

strategies to reduce the risk to birds, the risk remains potentially significant. 

 

As the DEIR acknowledges, the magnitude of mortality resulting from building collisions is 

difficult to predict.58  Consequently, the City has no way of knowing how many birds will be 

killed by the Project, and thus, whether those fatalities would be biologically significant to 

various bird populations.  The only way to address this uncertainty is through adaptive 

management, which would enable the Applicant to implement remedial actions (e.g., window 

retrofits) to eliminate sources of excessive mortality should they occur.  However, the ability to 

properly implement adaptive management is contingent on robust monitoring data, clearly 

defined fatality thresholds, and a mechanism for ensuring remedial actions are implemented if 

fatality thresholds are exceeded.  Mitigation Measure 3.3-2b fails to provide those elements, as 

discussed further below. 

 

 
52 DEIR, p. 3.3-22. 
53 Ogden, LJ. 1996. Collision Course: The Hazards of Lighted Structures and Windows to Migrating Birds. A 

Special Report for the World Wildlife Fund Canada and the Fatal Light Awareness Program. 45 pp. 
54 Ibid. 
55 Klem D Jr. 1990. Collisions Between Birds and Windows: Mortality and Prevention. Journal of Field 

Ornithology. 61(1):120-128. See also Klem D Jr. 2009. Preventing Bird-Window Collisions. Wilson Journal of 

Ornithology 121(2):314-321. 
56 Klem D Jr. 2009. Preventing Bird-Window Collisions. The Wilson Journal of Ornithology 121(2):314–321. 
57 San Francisco Planning Department (and references therein). 2011. Standards for Bird-Safe Buildings. 42 pp. 
58 DEIR, p. 3.3-21. 
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Monitoring Regime 

 

The only information the DEIR provides regarding the monitoring regime is that monitoring 

would occur “routinely” for three years.  The DEIR fails to incorporate minimum requirements 

for the monitor(s), monitoring frequency, and search effort.  The DEIR also fails to incorporate 

measures for species identification, the detection rate by monitors, and the scavenger removal 

rate.  These variables are critical to the efficacy of Mitigation Measure 3.3-2b.  For example, due 

to temporal variability in bird activity and atmospheric conditions associated with high fatality 

levels, monthly monitoring would be incapable of providing an accurate estimate of fatality 

rates.  At a minimum, weekly monitoring data should be collected during the first year.  Then, if 

those data reveal spikes in mortality during certain seasons (e.g., spring or fall migration) or 

atmospheric conditions (e.g., low cloud ceiling), daily monitoring should be conducted during 

those times (or conditions).  Because the DEIR fails to incorporate minimum standards for 

postconstruction fatality monitoring, it provides no assurances that the monitoring program 

would be sufficient to estimate avian fatalities caused by the Project. 

  

Fatality Thresholds and Corrective Actions 

 

Even if one assumes that the Applicant would develop a robust monitoring plan, the DEIR fails 

to identify fatality thresholds that would trigger the need for remedial actions.  This precludes 

understanding of how many birds might be killed before corrective actions are contemplated.  

 

Mitigation Measure 3.3-2b suggests Pilot Credit 55 requires a monitoring plan that provides a 

process for corrective action.  However, Pilot Credit 55 only requires “a process for voluntary 

corrective action.”59  Thus, implementation of corrective action(s) would be at the sole discretion 

of the Applicant, and there are no mechanisms in the DEIR that ensure corrective actions would 

ever be implemented if the Project is causing biologically significant levels of avian mortality.  

This issue is exacerbated by the DEIR’s failure to establish reporting requirements for Mitigation 

Measure 3.3-2b.   

 

Furthermore, even if the Applicant implements corrective actions in response to unacceptable 

fatality levels, the DEIR does not require compensatory mitigation to offset fatalities that have 

already occurred.  Compensatory mitigation is not justified for all species that may collide with 

Project buildings.  However, some species that may collide with the Project’s buildings have 

population sizes so low that they cannot sustain any additive mortality (e.g., California black rail, 

greater sandhill crane, and tricolored blackbird, among others).60  Therefore, mitigating 

significant impacts to these species not only requires corrective actions to prevent additional 

fatalities, but also compensatory mitigation to offset fatalities that have already occurred. 

 

In summary, Mitigation Measure 3.3-2b provides no assurances that avian mortality would be 

mitigated to less-than-significant levels because it fails to provide the monitoring regime, fatality 

 
59 [Emphasis added]. See <https://www.usgbc.org/credits/core-shell-existing-buildings-healthcare-new-construction-

retail-nc-schools/v2009/pc55>. 
60 See discussion in Klem Jr., D. 1990. Collisions between birds and windows: mortality and prevention. Journal of 

Field Ornithology 61:120-128. See also Longcore T, C Rich, P. Mineau et al. 2012. An Estimate of Avian Mortality 

at Communication Towers in the United States and Canada. PLoS One 7(4):e34025. 
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thresholds, and a mechanism for ensuring corrective actions are implemented if fatality 

thresholds are exceeded. 

 

Lighting at Helicopter Landing Site (Mitigation Measure 3.3-2c) 

 

Mitigation Measure 3.3-2c states: “[b]eacon lighting associated with the proposed helicopter 

landing site shall flash several times per minute rather than burn steadily consistent with Federal 

Aviation Administration standards and guidance. Steadily burning lights have been shown to 

attract birds more than flashing lights (FAA 2012).”  The City is correct that steadily burning 

lights attract birds more than flashing lights.  However, the DEIR’s argument that Mitigation 

Measure 3.3-2c would reduce the potentially significant impact on birds to a less-than-significant 

level is specious because it ignores the fact that the roof of the building would have steady-

burning lights.  These include lighting for the touchdown and liftoff area (“TLOF”), final 

approach and takeoff area (“FATO”), flight path alignment, wind cone, and building entry 

doors.61 

 

Flight Restrictions over Stone Lakes National Wildlife Refuge (Mitigation Measure 3.3-2d) 

 

The greater sandhill crane is listed as threatened under the California Endangered Species Act 

(“CESA”), and it is a “Fully Protected” species under California Fish and Game Code.  As a 

fully protected species, there is no permissible take of the greater sandhill crane.  The DEIR 

provides the following analysis of impacts to this species: 

Habitat within Stone Lakes National Wildlife Refuge supports 300–350 greater sandhill 

cranes in winter and is one of the most important winter use locations in the Central 

Valley (USFWS 2007)62…several known rookery, roosting, loafing, and foraging sites in 

Stone Lakes National Wildlife Refuge are close to the proposed helicopter flight path 

(Freis, pers. comm., 2020; Figure 3.3-1). The sound and visual stimulus of a helicopter 

overflight, especially at night, may result in the flushing of a large number of roosting 

birds, including sandhill cranes, geese, and shorebirds. The proximity of these areas, 

which are known to be occupied by large numbers of birds, increases the risk of 

helicopter collisions with birds, including special-status birds, likely resulting in 

mortality. Additionally, the novel and repetitive disturbance source may result in 

abandonment of established rookeries and roosting areas within the refuge.63 

 

The DEIR concludes that implementation of Mitigation Measures 3.3-2d and 3.3-2e would 

reduce the potentially significant impact on birds as a result of helicopter operation.  Whereas 

Mitigation Measure 3.3-2d would help reduce the potential for significant impacts on sandhill 

cranes, Mitigation Measure 3.3-2e does nothing to mitigate the impacts because it applies only to 

Swainson’s hawks.   

 

Mitigation Measure 3.3-2d states: “[d]uring the sandhill crane overwintering season (September 

15 through March), helicopters arriving at or departing from the hospital from 1 hour before 

sunset to 1 hour after sunrise shall avoid flying adjacent or over the known sandhill crane roost 

 
61 DEIR, pp. 3.1-2, 3.3-19, and Figure 3.1-38. 
62 DEIR, p. 3.3-19. 
63 DEIR, p. 3.3-21. 
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sites shown in Draft EIR Figure 3.3-1.”  There are two problems with this condition.  First, the 

DEIR fails to define the City’s standard for “adjacent,” which is a subjective term.  Because the 

DEIR fails to quantify the minimum permissible distance between the helicopter flight path and 

sandhill crane roosting sites, it fails to ensure Mitigation Measure 3.3-2d would effectively 

mitigate impacts on the sandhill crane.  Second, the currently proposed flight path is over (or 

adjacent to) sandhill crane roost sites.64  Therefore, compliance with Mitigation Measure 3.3-2d 

would require a different flight path during the overwintering season.  The DEIR does not 

identify the overwintering season flight path, nor does it assess noise and other potentially 

significant impacts associated with that flight path.65   

 

Mitigation Measure 3.3-2d prohibits helicopter flights within 0.5 mile of active Swainson’s hawk 

nests.  Swainson’s hawks have nested approximately 0.2 mile northwest of the Project site.66  A 

0.5-mile buffer around this nest site would encompass the entire Project site.  Thus, it would be 

infeasible to implement Mitigation Measure 3.3-2d while also allowing flights into and out of the 

hospital during the Swainson’s hawk nesting season.  In addition, the DEIR fails to provide 

evidence that it would be feasible to implement the seasonal helicopter flight restrictions 

described in Mitigation Measure 3.3-2d, while also avoiding flights over residential areas.67 

 

In addition to seasonal helicopter flight restrictions, Mitigation Measure 3.3-2d incorporates 

altitude and airspeed restrictions over Stone Lakes National Wildlife Refuge.  According to the 

DEIR: 

The Project Applicant shall provide these operation restrictions to all helicopter service 

providers in a manual or other documentation and require that helicopters comply with 

these restrictions. Proof of this documentation shall be provided to the City Development 

Services Department prior to operation of the helistop.68 

 

The DEIR fails to incorporate monitoring and enforcement mechanisms for the helicopter 

restrictions listed in Mitigation Measure 3.3-2d (i.e., provision of a manual does not ensure 

compliance with the manual).  In addition, the DEIR does not identify remedial actions that 

would be required if the helicopter service provider violates the restrictions, nor does it 

incorporate provisions for compensatory mitigation should the helicopter strike or otherwise 

cause take of sandhill cranes (e.g., cause abandonment of a roosting area).  As a result, 

Mitigation Measure 3.3-2d does not ensure potentially significant impacts on the sandhill crane 

would be mitigated to less-than-significant levels. 

 

Consultation with CDFW (Mitigation Measure 3.3-2e) 

 

Mitigation Measure 3.3-2d states: 

Prior to operation of helistop at the hospital, the Project Applicant shall consult with 

CDFW to determine whether there are additional avoidance measures available that 

 
64 DEIR, Figures 2-22 and 3.3-1. 
65 Helicopter noise sampling was limited to the flight path depicted in DEIR Figure 2-22. See DEIR, Appendix J. 
66 DEIR, Table 3.3-1. 
67 See analysis of Impact 3.11-5 at DEIR, p. 3.11-31: “[n]o mitigation is required beyond the Project proposed 

helicopter flight path along I-5 that avoids residential areas identified in Figure 2-22.” 
68 DEIR, p. 3.3-23. 
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would reduce the likelihood of helicopter strikes by nearby nesting Swainson’s hawks or 

that would reduce risk of abandonment of active Swainson’s hawk nest sites, and whether 

an incidental take permit pursuant to California Fish and Game Code Section 2081 would 

be required for take of Swainson’s hawk. If the permit is required, the Project Applicant 

shall implement measures required under the permit, which may include compensatory 

mitigation for impacts on a Swainson’s hawk territory and potential loss of an active nest 

site.  

 

The efficacy of this mitigation measure in reducing impacts on the Swainson’s hawk to less-

than-significant levels is uncertain because, contrary to what the DEIR suggests, CDFW cannot 

require a project proponent to apply for an incidental take permit, nor can it guarantee issuance 

of the permit.  Under CEQA, the lead agency is responsible for identifying the mitigation 

measures needed to reduce a potentially significant impact to a less-than-significant level; the 

lead agency cannot defer that responsibility to another agency to contemplate after termination of 

the project’s CEQA review.   

 

CDFW’s issuance of an incidental take permit is a discretionary action requiring CEQA review.  

This requirement can be met if a project’s certified CEQA document (in this case the EIR) 

contains sufficient environmental analysis, including analysis of how take of the species would 

be fully mitigated (as required under the California Endangered Species Act [“CESA”]).  

However, if the EIR is insufficient to support issuance of an incidental take permit, additional 

CEQA review is required.  In this case, the City’s deferral of measures to fully mitigate impacts 

to Swainson’s hawks renders the DEIR insufficient for CESA permitting, and for CEQA. 

 

Protection Measures for Trees of Local Importance (Mitigation Measure 3.3-4) 

 

The Arborist Report prepared by the Applicant’s consultant provides “Tree Preservation 

Guidelines.”69  The DEIR does not require the Applicant to adhere to those guidelines.  In 

addition, the DEIR does not require compliance with the City’s tree preservation and protection 

ordinance, which prohibits construction activities within the critical root zone70 and requires 

protective fencing that extends one foot beyond the critical root zone.71  Instead, the DEIR 

proposes Mitigation Measure 3.3-4, which states: 

Project improvement plans for each phase shall identity the location of the eight coastal 

live oak trees that meet the definition of a tree of local importance and shall specify 

measures to avoid damage to these trees. This shall include at a minimum protective 

fencing and signage. These plans shall be provided to the City Development Services 

Department for review and verification of this measure prior to the start of the 

construction activities. 

 

Mitigation Measure 3.3-4 does not ensure impacts on trees of local importance would be 

mitigated to less-than-significant levels because it: (a) defers formulation of the measures that 

would be implemented to avoid damage to the trees, (b) fails to incorporate minimum standards 

 
69 Krebs KJ. 2019 Jun 26. Arborist Report: California Northstate University Medical Campus. pp. 11 through 13.   
70 Defined in the ordinance as the circular area around the tree equal to one foot per inch DSH (Diameter at Standard 

Height). 
71 City of Elk Grove Ordinance 20-2017. 
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for the size (radius) of protective fencing, and (c) fails to establish any performance standards for 

survival of the protected trees.  

 

Conclusion 

 

The proposed Project would generate noise and other forms of disturbance that would negatively 

impact a myriad of birds that depend on the Stone Lakes National Wildlife Refuge as habitat.  In 

addition, the Project would kill birds by introducing collision hazards.  These impacts could be 

severe due to the status and number of birds that would be susceptible to impacts.  Although the 

DEIR acknowledges the Project could significantly impact sandhill cranes, Swainson’s hawks, 

and other bird species, it fails to provide the analysis needed for the public and decision makers 

to understand the severity of the Project’s impacts on bird populations, including those that 

depend on habitat within the Stone Lakes National Wildlife Refuge.  This issue is compounded 

by the DEIR’s failure to establish significance thresholds for Project-related disturbances and 

avian fatalities.  For example, although the DEIR concludes the hospital building is likely to kill 

special-status birds, it fails to identify how many fatalities would constitute a significant impact 

requiring remedial actions.  

 

The mitigation measures proposed in the DEIR fail to ensure potentially significant impacts on 

sensitive biological resources are reduced to less-than-significant levels.  Several of the proposed 

mitigation measures appear infeasible; others are vague, unenforceable, and without mechanisms 

that guarantee their efficacy.  Most notably, the DEIR fails to establish mechanisms that would 

ensure remedial actions are implemented if the Project causes biologically significant levels of 

disturbance or mortality.   

 

Due to the issues discussed in this letter, it is my professional opinion that the Project would 

have unmitigated, significant impacts on sensitive biological resources and the Stone Lakes 

National Wildlife Refuge. 

 

Sincerely, 

 

Scott Cashen, M.S. 

Senior Biologist 
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Scott Cashen, M.S. 
Senior Wildlife Ecologist   
 
 

Scott Cashen has 25 years of professional experience in natural resources 
management.  During that time he has worked as a field biologist, forester, environmental 
consultant, and instructor of Wildlife Management.  Mr. Cashen focuses on 
CEQA/NEPA compliance issues, endangered species, scientific field studies, and other 
topics that require a high level of scientific expertise. 
 

Mr. Cashen has knowledge and experience with numerous taxa, ecoregions, biological 
resource issues, and environmental regulations.  As a biological resources expert, Mr. 
Cashen is knowledgeable of the various agency-promulgated guidelines for field surveys, 
impact assessments, and mitigation.  Mr. Cashen has led field investigations on several 
special-status species, including ones focusing on the yellow-legged frog, red-legged 
frog, desert tortoise, steelhead, burrowing owl, California spotted owl, northern goshawk, 
willow flycatcher, Peninsular bighorn sheep, red panda, and various forest carnivores. 
 

Mr. Cashen is a recognized expert on the environmental impacts of renewable energy 
development.  He has been involved in the environmental review process of over 80 
solar, wind, biomass, and geothermal energy projects.  Mr. Cashen’s role in this capacity 
has encompassed all stages of the environmental review process, from initial document 
review through litigation support.  Mr. Cashen has provided expert witness testimony on 
several of the Department of the Interior’s “fast-tracked” renewable energy projects.  His 
testimony on those projects helped lead agencies develop project alternatives and 
mitigation measures to reduce environmental impacts associated with the projects.   
 

Mr. Cashen was a member of the independent scientific review panel for the Quincy 
Library Group project, the largest community forestry project in the United States.  As a 
member of the panel, Mr. Cashen was responsible for advising the U.S. Forest Service on 
its scientific monitoring program, and for preparing a final report to Congress describing 
the effectiveness of the Herger-Feinstein Forest Recovery Act of 1998.   
 
AREAS OF EXPERTISE 

• CEQA, NEPA, and Endangered Species Act compliance issues 
• Comprehensive biological resource assessments  
• Endangered species management 
• Renewable energy development 
• Scientific field studies, grant writing and technical editing 

 
EDUCATION 

M.S. Wildlife and Fisheries Science - The Pennsylvania State University (1998) 
   Thesis: Avian Use of Restored Wetlands in Pennsylvania 
B.S. Resource Management - The University of California, Berkeley (1992) 
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PROFESSIONAL EXPERIENCE 
 
Litigation Support / Expert Witness 
 

Mr. Cashen has served as a biological resources expert for over 100 projects subject to 
environmental review under the California Environmental Quality Act (CEQA) and/or 
the National Environmental Policy Act (NEPA).  As a biological resources expert, Mr. 
Cashen reviews CEQA/NEPA documents and provides his clients with an assessment of 
biological resource issues.  He then submits formal comments on the scientific and legal 
adequacy of the project’s environmental documents (e.g., Environmental Impact 
Statement).  If needed, Mr. Cashen conducts field studies to generate evidence for legal 
testimony, or he can obtain supplemental testimony from his deep network of species-
specific experts.  Mr. Cashen has provided written and oral testimony to the California 
Energy Commission, California Public Utilities Commission, and U.S. district courts.  
His clients have included law firms, non-profit organizations, and citizen groups. 
 
REPRESENTATIVE EXPERIENCE 
 
Solar Energy  Geothermal Energy  

 • Abengoa Mojave Solar Project • Casa Diablo IV Geothermal Project 
• Avenal Energy Power Plant • East Brawley Geothermal 

•  Development • Beacon Solar Energy Project • Mammoth Pacific 1 Replacement 
Facility • Blythe Solar Power Project • Orni 21 Geothermal Project 

• ff 

• Steamfield 

• Calico Solar Project • Western GeoPower Plant 
• California Flats Solar Project Wind Energy  
• Calipatria Solar Farm II • Catalina Renewable Energy Project 
• Carrizo Energy Solar Farm • Ocotillo Wind Energy Project 
• Catalina Renewable Energy Project • SD County Wind Energy Ordinance 
• Fink Road Solar Farm • Searchlight Wind Project 
• Genesis Solar Energy Project • Shu’luuk Wind Project 
• Heber Solar Energy Facility • Tres Vaqueros Repowering Project 
• Imperial Valley Solar Project • Tule Wind Project 
• Ivanpah Solar Electric Generating 

System 
• Vasco Winds Relicensing Project 

• Maricopa Sun Solar Complex Biomass Facilities 
• McCoy Solar Project • CA Ethanol Project 

•  • Mt. Signal and Calexico Solar 
Projects 

• Colusa Biomass Project 
• Panoche Valley Solar • Tracy Green Energy Project 

•  • San Joaquin Solar I & II Other 
• San Luis Solar Project • DRECP 
• Stateline Solar Project • Carnegie SVRA Expansion Project 
• Solar Gen II Projects • Lakeview Substation Project 
• SR Solis Oro Loma • Monterey Bay Shores Ecoresort 
• Vestal Solar Facilities • Phillips 66 Rail Spur 

•  

•  

• Victorville 2 Power Project • Valero Benecia Crude By Rail  
• Willow Springs Solar • World Logistics Center 
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Project Management 
 

Mr. Cashen has managed several large-scale wildlife, forestry, and natural resource 
management projects.  Many of the projects have required hiring and training field crews, 
coordinating with other professionals, and communicating with project stakeholders.  Mr. 
Cashen’s experience in study design, data collection, and scientific writing make him an 
effective project manager, and his background in several different natural resource 
disciplines enable him to address the many facets of contemporary land management in a 
cost-effective manner. 
 
REPRESENTATIVE EXPERIENCE 
 
Wildlife Studies 
 

• Peninsular Bighorn Sheep Resource Use and Behavior Study: (CA State Parks)  
• “KV” Spotted Owl and Northern Goshawk Inventory: (USFS, Plumas NF) 

• Amphibian Inventory Project: (USFS, Plumas NF) 
• San Mateo Creek Steelhead Restoration Project: (Trout Unlimited and CA Coastal 

Conservancy, Orange County) 
• Delta Meadows State Park Special-Status Species Inventory: (CA State Parks, 

Locke) 
 
Natural Resources Management 
 

• Mather Lake Resource Management Study and Plan – (Sacramento County) 

• Placer County Vernal Pool Study – (Placer County) 
• Weidemann Ranch Mitigation Project – (Toll Brothers, Inc., San Ramon) 

• Ion Communities Biological Resource Assessments – (Ion Communities, 
Riverside and San Bernardino Counties) 

• Del Rio Hills Biological Resource Assessment – (The Wyro Company, Rio Vista) 
 
Forestry 
 

• Forest Health Improvement Projects – (CalFire, SD and Riverside Counties) 
• San Diego Bark Beetle Tree Removal Project – (SDG&E, San Diego Co.) 

• San Diego Bark Beetle Tree Removal Project – (San Diego County/NRCS) 
• Hillslope Monitoring Project – (CalFire, throughout California) 
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Biological Resources  
 

Mr. Cashen has a diverse background with biological resources.  He has conducted 
comprehensive biological resource assessments, habitat evaluations, species inventories, 
and scientific peer review.  Mr. Cashen has led investigations on several special-status 
species, including ones focusing on the foothill yellow-legged frog, mountain yellow-
legged frog, desert tortoise, steelhead, burrowing owl, California spotted owl, northern 
goshawk, willow flycatcher, Peninsular bighorn sheep, red panda, and forest carnivores.   
 
REPRESENTATIVE EXPERIENCE 

Biological Assessments/Biological Evaluations (“BA/BE”)  
• Aquatic Species BA/BE – Reliable Power Project (SF Public Utilities 

Commission) 

• Terrestrial Species BA/BE – Reliable Power Project (SF Public Utilities 
Commission) 

• Management Indicator Species Report – Reliable Power Project (SF Public Utilities 
Commission) 

• Migratory Bird Report – Reliable Power Project (SF Public Utilities Commission) 

• Terrestrial and Aquatic Species BA – Lower Cherry Aqueduct (SF Public Utilities 
Commission) 

• Terrestrial and Aquatic Species BE – Lower Cherry Aqueduct (SF Public Utilities 
Commission) 

• Terrestrial and Aquatic Species BA/BE – Public Lands Lease Application 
(Society for the Conservation of Bighorn Sheep) 

• Terrestrial and Aquatic Species BA/BE – Simon Newman Ranch (The Nature 
Conservancy) 

Avian  
• Study design and Lead Investigator - Delta Meadows State Park Special-Status 

Species Inventory (CA State Parks: Locke) 

• Study design and lead bird surveyor - Placer County Vernal Pool Study (Placer 
County: throughout Placer County) 

• Surveyor - Willow flycatcher habitat mapping (USFS: Plumas NF)  

• Independent surveyor - Tolay Creek, Cullinan Ranch, and Guadacanal Village 
restoration projects (Ducks Unlimited/USGS: San Pablo Bay) 

• Study design and Lead Investigator - Bird use of restored wetlands research 
(Pennsylvania Game Commission: throughout Pennsylvania) 

• Study design and surveyor - Baseline inventory of bird species at a 400-acre site 
in Napa County (HCV Associates: Napa) 
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• Surveyor - Baseline inventory of bird abundance following diesel spill (LFR 
Levine-Fricke: Suisun Bay) 

• Study design and lead bird surveyor - Green Valley Creek Riparian Restoration 
Site (City of Fairfield: Fairfield, CA) 

• Surveyor - Burrowing owl relocation and monitoring (US Navy: Dixon, CA) 

• Surveyor - Pre-construction burrowing owl surveys (various clients: Livermore, 
San Ramon, Rio Vista, Napa, Victorville, Imperial County, San Diego County) 

• Surveyor - Backcountry bird inventory (National Park Service: Eagle, Alaska) 

• Lead surveyor - Tidal salt marsh bird surveys (Point Reyes Bird Observatory: 
throughout Bay Area) 

• Surveyor – Pre-construction surveys for nesting birds (various clients and 
locations) 

Amphibian 

• Crew Leader - Red-legged frog, foothill yellow-legged frog, and mountain 
yellow-legged frog surveys (USFS: Plumas NF) 

• Surveyor - Foothill yellow-legged frog surveys (PG&E: North Fork Feather 
River) 

• Surveyor - Mountain yellow-legged frog surveys (El Dorado Irrigation District: 
Desolation Wilderness) 

• Crew Leader - Bullfrog eradication (Trout Unlimited: Cleveland NF) 

Fish and Aquatic Resources 

• Surveyor - Hardhead minnow and other fish surveys (USFS: Plumas NF)  

• Surveyor - Weber Creek aquatic habitat mapping (El Dorado Irrigation District: 
Placerville, CA) 

• Surveyor - Green Valley Creek aquatic habitat mapping (City of Fairfield: 
Fairfield, CA) 

• GPS Specialist - Salmonid spawning habitat mapping (CDFG: Sacramento River) 

• Surveyor - Fish composition and abundance study (PG&E: Upper North Fork 
Feather River and Lake Almanor) 

• Crew Leader - Surveys of steelhead abundance and habitat use (CA Coastal 
Conservancy: Gualala River estuary) 

• Crew Leader - Exotic species identification and eradication (Trout Unlimited: 
Cleveland NF) 
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Mammals 

• Principal Investigator – Peninsular bighorn sheep resource use and behavior study 
(California State Parks: Freeman Properties) 

• Scientific Advisor –Study on red panda occupancy and abundance in eastern 
Nepal (The Red Panda Network: CA and Nepal) 

• Surveyor - Forest carnivore surveys (University of CA: Tahoe NF) 

• Surveyor - Relocation and monitoring of salt marsh harvest mice and other small 
mammals (US Navy: Skagg’s Island, CA) 

• Surveyor – Surveys for Monterey dusky-footed woodrat. Relocation of woodrat 
houses (Touré Associates: Prunedale) 

Natural Resource Investigations / Multiple Species Studies 

• Scientific Review Team Member – Member of the scientific review team 
assessing the effectiveness of the US Forest Service’s implementation of the 
Herger-Feinstein Quincy Library Group Act. 

• Lead Consultant - Baseline biological resource assessments and habitat mapping 
for CDF management units (CDF: San Diego, San Bernardino, and Riverside 
Counties) 

• Biological Resources Expert – Peer review of CEQA/NEPA documents (various 
law firms, non-profit organizations, and citizen groups) 

• Lead Consultant - Pre- and post-harvest biological resource assessments of tree 
removal sites (SDG&E: San Diego County)   

• Crew Leader - T&E species habitat evaluations for Biological Assessment in 
support of a steelhead restoration plan (Trout Unlimited: Cleveland NF) 

• Lead Investigator - Resource Management Study and Plan for Mather Lake 
Regional Park (County of Sacramento: Sacramento, CA) 

• Lead Investigator - Biological Resources Assessment for 1,070-acre Alfaro Ranch 
property (Yuba County, CA) 

• Lead Investigator - Wildlife Strike Hazard Management Plan (HCV Associates: 
Napa) 

• Lead Investigator - Del Rio Hills Biological Resource Assessment (The Wyro 
Company: Rio Vista, CA) 

• Lead Investigator – Ion Communities project sites (Ion Communities: Riverside 
and San Bernardino Counties) 

• Surveyor – Tahoe Pilot Project: Validation of California’s Wildlife Habitat 
Relationships (CWHR) Model (University of California: Tahoe NF) 
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Forestry 
 

Mr. Cashen has five years of experience working as a consulting forester on projects 
throughout California.  Mr. Cashen has consulted with landowners and timber operators 
on forest management practices; and he has worked on a variety of forestry tasks 
including selective tree marking, forest inventory, harvest layout, erosion control, and 
supervision of logging operations.  Mr. Cashen’s experience with many different natural 
resources enable him to provide a holistic approach to forest management, rather than just 
management of timber resources. 
 
REPRESENTATIVE EXPERIENCE 
 
• Lead Consultant - CalFire fuels treatment projects (SD and Riverside Counties) 

• Lead Consultant and supervisor of harvest activities – San Diego Gas and Electric 
Bark Beetle Tree Removal Project (San Diego) 

• Crew Leader - Hillslope Monitoring Program (CalFire: throughout California) 

• Consulting Forester – Forest inventories and timber harvest projects (various 
clients throughout California) 

 
Grant Writing and Technical Editing 
 

Mr. Cashen has prepared and submitted over 50 proposals and grant applications.  
Many of the projects listed herein were acquired through proposals he wrote.  Mr. 
Cashen’s clients and colleagues have recognized his strong scientific writing skills and 
ability to generate technically superior proposal packages.  Consequently, he routinely 
prepares funding applications and conducts technical editing for various clients. 
 
PERMITS 
U.S. Fish and Wildlife Service Section 10(a)(1)(A) Recovery Permit for the Peninsular 
bighorn sheep 
 
PROFESSIONAL ORGANIZATIONS / ASSOCIATIONS 
The Wildlife Society  
Cal Alumni Foresters 
Mt. Diablo Audubon Society 
 
OTHER AFFILIATIONS 
Scientific Advisor and Grant Writer – The Red Panda Network 
Scientific Advisor – Mt. Diablo Audubon Society 
Grant Writer – American Conservation Experience 
 



Cashen, Curriculum Vitae  8 

TEACHING EXPERIENCE 
Instructor: Wildlife Management - The Pennsylvania State University, 1998  
Teaching Assistant: Ornithology - The Pennsylvania State University, 1996-1997 
 
PUBLICATIONS 
Gutiérrez RJ, AS Cheng, DR Becker, S Cashen, et al. 2015. Legislated collaboration in a 
conservation conflict: a case study of the Quincy Library group in California, USA. 
Chapter 19 in:  Redpath SR, et al. (eds). Conflicts in Conservation: Navigating Towards 
Solutions. Cambridge Univ. Press, Cambridge, UK. 
Cheng AS, RJ Gutiérrez RJ, S Cashen, et al. 2016. Is There a Place for Legislating Place-
Based Collaborative Forestry Proposals?: Examining the Herger-Feinstein Quincy 
Library Group Forest Recovery Act Pilot Project. Journal of Forestry. 
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SWAINSON'S HAWK Buteo swainsoni 
Family: ACCIPITRIDAE Order: FALCONIFORMES Class: AVES 
B121 

Written by: C. Polite 
Reviewed by: L. Kiff 
Edited by: L. Kiff 
Updated by: CWHR Staff, January 2006 

DISTRIBUTION, ABUNDANCE, AND SEASONALITY 

Uncommon breeding resident and migrant in the Central Valley, Klamath Basin, 
Northeastern Plateau, Lassen Co., and Mojave Desert. Very limited breeding reported from
Lanfair Valley, Owens Valley, Fish Lake Valley, and Antelope Valley (Bloom 1980, Garrett
and Dunn 1981). Breeds in stands with few trees in juniper-sage flats, riparian areas,
and in oak savannah in the Central Valley. Forages in adjacent grasslands or suitable
grain or alfalfa fields, or livestock pastures. Bloom (1980) estimated 110 nesting pairs,
and a total population of 375 pairs, in California. In southern California, now mostly
limited to spring and fall transient. Formerly abundant in California with wider breeding
range (Grinnell and Miller 1944, Bloom 1980, Garrett and Dunn 1981). Decline resulted
in part from loss of nesting habitat. 

SPECIFIC HABITAT REQUIREMENTS 

Feeding: Eats mice, gophers, ground squirrels, rabbits, large arthropods, amphibians,
reptiles, birds, and, rarely, fish (Brown and Amadon 1968, Dunkle 1977). Soars at low and
high levels in search of prey. Also may walk on ground to catch invertebrates and other prey.
Catches insects and bats in flight. 

Cover: Roosts in large trees, but will roost on ground if none available. 

Reproduction: Nests on a platform of sticks, bark, and fresh leaves in a tree, bush, or
utility pole from 1.3 to 30 m (4-100 ft) above ground. Nests in open riparian habitat, in
scattered trees or small groves in sparsely vegetated flatlands (Bloom 1980). 

Water: Usually found near water in the Central Valley, but also nests in arid regions.
Water needs probably met from prey. 

Pattern: Typical habitat is open desert, grassland, or cropland containing scattered, large
trees or small groves. 

SPECIES LIFE HISTORY 

Activity Patterns: Yearlong, diurnal activity. 

Seasonal Movements/Migration: Migrating individuals move south through the southern
and central interior of California in September and October, and north March through May
(Grinnell and Miller 1944). Some individuals migrate as far as South America, passing in
large flocks over Central America (Brown and Amadon 1968). 

Home Range: In Utah, breeding home ranges of 3 pairs averaged 4.2 km² (1.6 mi²), and 



varied from 3.1 to 5.4 km² (1.2 to 2.1 mi²) (Smith and Murphy 1973). In Wyoming, the 
distance separating 17 active nests averaged 1.8 km (1.1 mi), and varied from 0.6 to 2.9 km 
(0.4 to 1.8 mi) (Dunkle 1977). Home ranges of 5 pairs averaged 2.5 km² (1 mi²), and varied 
from 0.7 to 4.3 km² (0.3 to 1.6 mi²) (Craighead and Craighead 1956). 

Territory: Bloom (1980) reported 3 territories within a 1.1 km (0.7 mi) length of riparian 
habitat in the Central Valley. 

Reproduction: Breeding occurs late March to late August, with peak activity late May 
through July. Clutch size 2-4, usually 2 or 3 eggs. Incubates 25-28 days (Beebe 1974). 
Craighead and Craighead (1956) reported fledging success of 0.6 young per pair. 

Niche: May be preyed upon by golden eagles. Competitors for food include northern 
harriers, red-tailed hawks, black-shouldered kites, burrowing owls, and golden eagles 
(Craighead and Craighead 1956). 
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WHITE-TAILED KITE Elanus leucurus 
Family: ACCIPITRIDAE Order: FALCONIFORMES Class: AVES 
B111 

Written by: C. Polite 
Reviewed by: S. Bailey 
Edited by: S. Bailey, P. Bloom 
Updated by: CWHR Program Staff, February 2005 

DISTRIBUTION, ABUNDANCE, AND SEASONALITY 

Common to uncommon, yearlong resident in coastal and valley lowlands; rarely found
away from agricultural areas. Inhabits herbaceous and open stages of most habitats mostly
in cismontane California. Has extended range and increased numbers in recent decades. 

SPECIFIC HABITAT REQUIREMENTS 

Feeding: Preys mostly on voles and other small, diurnal mammals, occasionally on birds,
insects, reptiles, and amphibians. Forages in undisturbed, open grasslands, meadows,
farmlands and emergent wetlands. Soars, glides, and hovers less than 30 m (100 ft) above
ground in search of prey. Slowly descends vertically upon prey with wings held high, and legs
extended; rarely dives into tall cover (Thompson 1975). 

Cover: Uses trees with dense canopies for cover. In southern California, also roosts in
saltgrass and Bermudagrass. 

Reproduction: Makes a nest of loosely piled sticks and twigs and lined with grass, straw,
or rootlets. Nest placed near top of dense oak, willow, or other tree stand; usually 6-20 m
(20-100 ft) above ground (Dixon et al. 1957). Nest located near open foraging area.

Water: Probably meets water requirements from prey. 

Pattern: Uses herbaceous lowlands with variable tree growth and dense population of 
voles (Waian and Stendell 1970). Substantial groves of dense, broad-leafed deciduous trees
used for nesting and roosting. 

SPECIES LIFE HISTORY 

Activity Patterns: Yearlong diurnal, and crepuscular activity. 

Seasonal Movements/Migration: Apparently not migratory, but Binford (1979) found some 
movements in coastal California. May become nomadic in response to prey abundance
(Dunk and Cooper 1994). 

Home Range: Forages from a central perch over areas as large as 3 sq km (1.9 sq mi)
Warner and Rudd 1975). Seldom hunts more than 0.8 km (0.5 mi) from nest when breeding
(Hawbecker 1942). Henry (1983) found mean breeding home range to be 0.57 sq km (0.2 mi). 

Territory: Generally not territorial, but nest site may be defended against crows, other
hawks, and eagles (Pickwell 1930, Dixon et al. 1957). Defended foraging territories of about 
0.10 sq km (.04 sq mi) in winter from red-tailed hawks and northern harriers (Bammann 1975). 



Communal roost used in nonbreeding seasons (Waian and Stendell 1970). Territory size 
a function of prey and competitor abundance (Dunk and Cooper 1994). 

Reproduction: Monogamous; breeds from February to October, with peak from May to 
August. Average clutch 4-5 eggs, range 3-6. Female only incubates, for about 28 days. 
Young fledge in 35-40 days. During incubation and nestling period, male feeds female, and 
supplies her with food to feed the young. Usually single brooded; occasionally 2 broods. 

Niche: Preys on rodents that may be harmful to agricultural crops. Nest may be robbed 
by jays, crows yellow-billed magpies, raccoons, and opossums. Great horned owls may prey 
on adults and young. 
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CHAPTER 2

EFFECTS OF NOISE POLLUTION ON BIRDS:  
A BRIEF REVIEW OF OUR KNOWLEDGE 

Catherine P. Ortega
Ecosphere Environmental Services, 776 E. Second Avenue, Durango, Colorado 81301, USA

Abstract.—Many avian species have long been exposed to loud natural sounds such as 
streams, waterfalls, and wind. However, anthropogenic noise pollution is a relatively recent 
phenomenon that birds now have to cope with throughout much of the world. Early investiga-
tions on bird responses to noise tended to focus on physical damage to ears, stress responses, 
flight or flushing responses, changes in foraging, and other behavioral reactions. These studies 
were often conducted under laboratory conditions because determining effects of noise on free-
ranging birds is particularly difficult, in that we rarely have the opportunity to isolate noise as 
a single testable variable. By coupling introduced noise on the landscape (e.g., from gas well 
compressors) with ecologically similar controls, investigators have recently found additional 
responses, including avoidance of noisy areas, changes in reproductive success, and changes 
in vocal communication. Numerous investigators have compared urban birds with their rural 
counterparts in quieter surroundings and found that at least some birds can compensate for the 
masking effect of noise through shifts in vocal amplitude, song and call frequency, and song 
component redundancies, as well as temporal shifts to avoid noisy rush-hour traffic. Sounds 
have presumably always been part of the environment, but noise pollution has escalated over 
the past century, especially the past few decades, disturbing the integrity of natural ecosystems. 
This review provides general background information, updates on the most current literature, 
and suggestions for future research that will enhance our comprehensive knowledge and ability 
to mitigate negative effects of noise.

Key words: birds, communication, hearing, noise pollution, soundscape.

Efectos de la Polución Sonora en Aves: una Breve Revisión de Nuestro 
Conocimiento

Resumen.—Muchas especies de aves han sido expuestas prolongadamente a sonidos naturales 
fuertes, como arroyos, cascadas y viento. Sin embargo, la polución sonora antropogénica es un 
fenómeno relativamente reciente con el que las aves tienen que lidiar ahora en casi todo el mundo. 
Las primeras investigaciones sobre la respuesta de las aves al ruido tendían a enfocarse en el 
daño físico a los oídos, las repuestas de estrés, las respuestas de vuelo o huída, los cambios en el 
forrajeo y otras reacciones de comportamiento. Estos estudios fueron frecuentemente conducidos 
bajo condiciones de laboratorio porque determinar los efectos del ruido sobre aves libres es par-
ticularmente difícil, ya que rara vez se tiene la oportunidad de aislar el ruido como única variable 
que se pone a prueba. Al acoplar el ruido introducido en el paisaje, como el de los compresores 
de pozos de gas, con controles ecológicamente similares, los investigadores recientemente han 
encontrado respuestas adicionales, incluyendo la evasión de áreas ruidosas, cambios en el éxito 
reproductivo y cambios en la comunicación vocal. Numerosos investigadores han comparado 
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aves urbanas con sus contrapartes rurales que ocupan áreas más silenciosas, y encontraron que 
al menos algunas aves pueden compensar el efecto de enmascaramiento del ruido por medio de 
cambios en la amplitud vocal, la frecuencia del canto y los llamados, y las redundancias en los 
componentes del canto. Las aves también exhiben cambios temporales para evitar el ruido de las 
horas pico del tráfico. Presumiblemente, los sonidos siempre han sido parte del ambiente, pero la 
polución sonora ha crecido a lo largo del siglo pasado y especialmente durante las últimas déca-
das, perturbando la integridad de los ecosistemas naturales. Esta revisión provee información 
general de base, información de la literatura más reciente y sugerencias para investigación futura 
que va a mejorar nuestro conocimiento y la habilidad para mitigar los efectos negativos del ruido.

The word NOISE dates back to the 13th century, 
and its etymology reveals the disdain that 
humans have long felt for noise. It originates 
from the Latin word nausea and is defined as 
unwanted sound or sound that interferes with 
hearing other sounds. Sound is typically defined 
as vibrations that move through the environment 
(e.g., air, water, or another medium) and provide 
an auditory sensation. Noise is a subjective per-
ception with intra- and interspecific variation. 
One person may perceive a symphonic piece as 
glorious music while another perceives the same 
piece as disturbing noise. Similarly, important 
communication for one species may be perceived 
as noise by another species. For example, a loud 
chorus of frogs may interfere with the ability of 
owls to hear their prey, and cicadas (Slabbekoorn 
and Smith 2002) or colonies of seabirds (Feare 
et al. 2003) create a “deafening” experience to 
any other listener. The sounds of nature can be 
unwanted at times and can interfere with hearing 
or interpreting other sounds (Coates 2005), but 
the term “noise pollution” generally refers to un-
wanted sounds resulting from human activities.

Anthropogenic noise is related to human 
population density; therefore, we can assume 
that it has and will continue to increase as 
human populations increase. Cities have always 
been noisy (Rosen 1974), but noise pollution 
has dramatically increased since the industrial 
revolution. More recent technologies, especially 
recreational vehicles and modern conveniences, 
have exacerbated the problem. Although urban 
and suburban areas are noisier than less devel-
oped areas, natural areas are becoming increas-
ingly noisy. No place on Earth is free from noise 
pollution because aircraft noise penetrates even 
the most remote locations. Noisy off-highway 
vehicles have also become common, even in for-
merly secluded areas (Barton and Holmes 2007).

Although noise has escalated over many de-
cades, published studies on the effects of noise on 
birds have surged only in the past decade, possi-
bly as a result of new instruments, song analysis 

programs, and opportunities to control noise. 
Most of this recent work has occurred in the field 
of vocal communication, often within the context 
of evolution of communication. Many papers 
have reviewed the effects of noise pollution on 
birds and other wildlife (Larkin et al. 1996, War-
ren et al. 2006, Dooling and Popper 2007, Slab-
bekoorn and Bouton 2008, Slabbekoorn and 
Ripmeester 2008, Brumm and Naguib 2009, Bar-
ber et al. 2010), but no recent review has covered 
the wide range of established and possible effects 
on birds. Therefore, the purpose of the present re-
view is to (1) provide a general background for 
those unfamiliar with noise literature, (2) provide 
an update on the most current literature, and (3) 
suggest areas in need of future research that will 
enhance our comprehensive knowledge and abil-
ity to mitigate negative effects of noise.

How Sound Moves and Is Measured

Sound travels through air or other media in com-
pression and expansion waves. The intensity of 
these waves produces a sound pressure level, 
which can be measured with a sound pressure 
meter. Sound pressure levels are typically mea-
sured over a period of time and expressed as a 
mean, which is most useful for studies of rela-
tively continuous noise. For studies of intermit-
tent noise, maximum sound levels may provide 
more meaningful measurements, as might other 
noise metrics that are reviewed in detail by Pa-
ter et al. (2009). The commonly used unit of mea-
surement of sound pressure is the decibel (dB), a 
logarithmic measurement that can accommodate 
a wide range of frequencies. To put the dB scale 
in perspective, in the absence of environmental 
interference, an increase of 6 dB represents a dou-
bling of loudness. 

Not all sound pressures are perceived as equally 
loud because the ear (human or nonhuman) does 
not respond to all frequencies equally. For our con-
venience, we use a filter on sound level meters that 
respond to frequencies similarly to the human ear 
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(Fig. 1). This filter provides measurements on the 
“A scale,” weighted for the range of human hear-
ing. It is the most commonly used scale because 
much of our concern about noise is anthropocen-
tric. In studies of potential effects of noise on non-
human animals, especially those able to hear low 
frequencies, the C scale can be useful. For example, 
compared with humans, doves have ~40 dB more 
sensitivity at 1–10 Hz (Yodlowski et al. 1977, Krei-
then and Quine 1979, Warchol and Dallos 1989, 
Schermuly and Klinke 1990); therefore, sounds 
in this range must be louder for us to hear them. 
The C scale used in conjunction with the A scale 
is useful to identify low-frequency sound because 
if the sound pressure levels consistently measure 
higher on the C scale than on the A scale, the differ-
ence might be explained by low-frequency noise. 
Alternatively, the distribution of acoustic energy 
can be assessed via analysis of recordings of the 
sound. 

Degradation of sound structure differs with 
habitat as a result of differences in atmospheric 
spread, air turbulence, reflections, and scatter 
through materials such as vegetation (Brumm 
and Naguib 2009). This occurs through three 
main mechanisms: attenuation, reverberations, 
and irregular fluctuations in amplitude (Slab-
bekoorn et al. 2007). Attenuation is frequency 
dependent, with lower frequencies (sounds with 
longer wavelengths) being less affected by small 
objects (even molecules in the air) than higher 
frequencies; therefore, higher-frequency sounds 
usually attenuate faster, and lower frequencies 

travel farther. Reverberations, or echoes, reflect 
off surfaces in the environment numerous times 
and almost always arrive at the receiver later 
than the original signal, producing a variety of 
effects (Warren et al. 2006). Irregular fluctuations 
in amplitude are caused by air turbulence and ac-
cumulation of reverberations.

Under conditions without disruption of sound 
waves, sound levels decrease by 6 dB(A) with 
every doubling of distance from the sound source 
(Larkin et al. 1996). Therefore, if the study aims 
to identify effects of noise on birds, distance of 
a bird to the sound source must be considered. 
For a nest study, this involves measuring sound 
pressure level at the nest. For bird surveys, it 
requires taking Universal Transverse Mercator 
coordinates, compass bearing, and distance from 
the survey location to each bird detected; these 
values can be used with trigonometric functions 
to determine distance from each bird to the noise 
source. However, this method does not consider 
topography, vegetation, and other conditions that 
could alter noise attenuation. If it is practical, the 
investigator can also measure the sound level at 
the location of a bird after survey completion.

Effects of Noise on Birds

Many studies have focused on effects of land-
scape-scale conversions of visually differentiated 
habitat, but noise has received far less attention. 
Larkin et al. (1996:8) noted that 

Like other related fields such as effects of vehicles 
or recreation on wildlife…, effects of noise on 
wildlife often appear in the “gray literature” of 
conference proceedings and unpublished reports 
and manuscripts, rather than in the refereed sci-
entific literature.

We have come some distance since 1996, but rela-
tively few investigators currently work on this 
challenging new field of study.

Noise pollution affects birds in myriad 
ways, including (1) physical damage to ears; 
(2) stress responses; (3) fright–flight responses; 
(4) avoidance responses; (5) changes in other 
behavioral responses, such as foraging; (6) changes 
in reproductive success; (7) changes in vocal com-
munication; (8) interference with the ability to 
hear predators and other important sounds; and 
(9) potential changes in populations. Reactions 
to noise depend on the type of noise produced, 
including frequency, loudness, consistency, and 

Fig. 1. A (thick line), C (thin line), and flat (black 
dashed line) decibel weighting systems.
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duration. Some species react more negatively to 
noise than others. Colonial birds are highly suscep-
tible to noise because when one bird reacts, many 
or all birds in a colony will react similarly (Burger 
1998), whether the group responds directly to the 
noise or to the first bird(s) that responded.

Physical damage to ears.—Exposure to loud sounds 
damages sensory hair cells. In mammals, this re-
sults in permanent hearing loss. However, birds 
regenerate these hairs to some extent (Niemiec et 
al. 1994); therefore, damage is more temporary but 
with species-specific variation in recovery times 
(Ryals et al. 1999). Niemiec et al. (1994) reported 
increased recovery time with repeated exposure, 
which may have important implications for birds 
exposed to chronic or repeated noise. Physical dam-
age to birds’ ears occurs either with short-duration 
but very loud sounds (>140 dB[A] for single blasts 
or 125 dB[A] for multiple blasts; e.g., construction 
noise) or continuous (>72 h) exposure to noise >110 
dB(A) (Dooling and Popper 2007). Some Federal 
agencies set noise standards within buffer zones for 
nests of high-priority species such as eagles, hawks, 
and owls; however, little else protects wild animals 
from noise. 

Stress and fright–flight responses.—Chronic stress 
causes numerous physiological responses, includ-
ing elevated heart rate, changes in hormone lev-
els, and weight loss. Chronic stress also impairs 
the ability of birds to resist diseases and reduces 
their reproductive success (Blickley and Patricelli 
2010). Some studies on noise and domesticated 
and laboratory animals have demonstrated fright–
flight, avoidance, and agitation responses to noise 
(Environmental Protection Agency [EPA] 1980, 
Bowles 1995), yet these laboratory approaches to 
studying the effects of noise provide very little in-
sight regarding how natural populations respond 
to noise. Much of the work conducted on stress 
and fright–flight responses under natural condi-
tions focused on moving vehicles, such as aircraft 
(Brown 1990, Conomy et al. 1998, Trimper et al. 
1998, Ward et al. 1999, Goudie 2006) and water-
craft (Burger 1998, Rodgers and Schwikert 2002), 
which introduces confounding variables, espe-
cially visual disturbance.

Avoidance responses.—Avoidance appears to be 
the most common response to human disturbance, 
but some species are surprisingly tolerant and even 
seek out association with humans and disturbed 
habitats, including noisy habitats (e.g., House Finch 
[Carpodacus mexicanus] and Black-chinned Hum-
mingbird [Archilochus alexandri]; Francis et al. 2009). 

Anthropogenic noise is almost always associated 
with other confounding disturbance variables (e.g., 
visual disturbances, vegetation, food resources, pol-
lutants, concrete or asphalt effects on temperature, 
and perceived risks), which are difficult, if not im-
possible, to control.

Even though studies of road traffic noise are 
severely confounded by other variables, the effects 
of road-associated variables, including noise, mea-
sured by occupancy and densities, are consistently 
negative for most birds. Brotons and Herrando 
(2001), Forman and Deblinger (2000), and Fernán-
dez-Juricic (2001) found lower occupancy of birds 
near roads and attributed the lower numbers, in 
part, to traffic noise. In the Netherlands, Reijnen 
et al. (1995) controlled for visual aspects of the 
highway and found that noise was an important 
variable explaining lower occupancy near major 
roads. Although roads negatively affect a variety 
of taxa (Haskell 2000, Brotons and Herrando 2001, 
Reijnen and Foppen 2006), the overall effect of 
traffic noise on nesting birds, measured through 
lack of habitat occupancy, may extend >300 m on 
both sides of roadways (Forman and Deblinger 
2000). From these and similar findings in the 
Netherlands (Reijnen et al. 1995), Forman (2000) 
and Forman and Alexander (1998) estimated that 
one-fifth of the United States is directly affected 
by traffic noise. Clearly, these studies have dem-
onstrated that fragmentation and its associated 
variables, including noise, produce environmental 
and ecological impacts well beyond the edge of 
the physically altered habitat. 

A few studies that controlled for noise as a single 
testable variable found species-specific avoidance 
of noisy areas. In New Mexico, Mourning Doves 
(Zenaida macroura) avoided gas-well-compressor 
noise, and several species nested significantly far-
ther from well pads with noisy compressors than 
from gas well pads without compressors, includ-
ing the Gray Flycatcher (Empidonax wrightii), Gray 
Vireo (Vireo vicinior), Black-throated Gray Warbler 
(Setophaga nigrescens), and Spotted Towhee (Pipilo 
maculatus) (Francis et al. 2009). During surveys, 
Western Scrub-Jays (Aphelocoma californica) and 
several other species were detected significantly 
more often on sites without compressors (Francis 
et al. 2009, Ortega and Francis 2012). In Canada, 
Bayne et al. (2008) found avoidance of noisy areas 
by Red-eyed Vireos (V. olivaceus), Yellow-rumped 
Warblers (S. coronata), and White-throated Spar-
rows (Zonotrichia albicollis); furthermore, they 
found 1.5× greater density of breeding birds near 
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10 ORNITHOLOGICAL MONOGRAPHS NO. 74

noiseless energy facilities than near sites with 
noisy compressors.

Changes in foraging responses.—Results of a few 
studies have suggested negative effects of noise on 
foraging behavior. In Florida, Burger and Gochfeld 
(1998) observed significantly reduced foraging in 
five species with the presence of people compared 
with the absence of people, and the percentage of 
time spent foraging decreased with increased noise 
made by people. Similarly, but under laboratory 
conditions, Quinn et al. (2006) observed that Com-
mon Chaffinches (Fringilla coelebs) experienced 
reduced foraging with added white noise up to 
68 dB(A). Canaday and Rivadeneyra (2001) found 
that machinery noise from petroleum exploration 
affected foraging guilds in Ecuador.

Changes in reproductive success.—Noise may af-
fect egg production, incubation, brooding, preda-
tors, brood parasites, and abandonment, as well as 
the ability to find or attract a mate and the ability 
of parents to hear and respond to begging calls. 
Any species that regularly experience fright–flight 
responses (Southern and Southern 1979, Burger 
1998) or an inability to attract mates and defend 
territories (Slabbekoorn and Ripmeester 2008) be-
cause of noise likely suffer reproductive loss. For 
some species, this may result in population de-
clines.

Results of studies designed to determine effects 
of noise on reproductive success suggest species-
specific variation. In Francis et al.’s (2009) study 
in northwest New Mexico, we found higher nest 
success near noisy gas well compressors than in 
quiet control sites because predators and cow-
birds avoided noisy sites. However, as previously 
mentioned, many species avoided noisy areas 
and did not benefit from the lower level of preda-
tors and parasites. Black-chinned Hummingbirds 
preferred noisy sites, and House Finches often 
used gas-well-compressor equipment for nest 
sites where the sound pressure levels reached 85 
dB(A) at the nest. 

Noise may interfere with the ability to attract 
mates and maintain pair bonds. For example, in 
Alberta, Canada, male Ovenbirds (Seiurus auro-
capilla) near gas well compressors experienced 
a 15% decrease in mate attraction (Habib et al. 
2007). Additionally, Habib et al. (2007) found 
18% more inexperienced (first-year) Ovenbirds 
at noisy compressor sites than at quieter control 
sites, which suggests that noise reduces the 
quality of habitat for these birds. Reproduc-
tive failure or reduced reproductive success can 

result in pair-bond degradation. In a laboratory 
experiment, Swaddle and Page (2007) reported 
that female Zebra Finches’ (Taeniopygia guttata) 
preferences for their pair-bonded males de-
creased significantly with background noise. 
They suggested that in areas of high-amplitude 
environmental noise, birds may develop extra-
pair behaviors because of weakened pair bonds.

Barton and Holmes (2007) reported reduced 
nest success close (<100 m) to trails with noisy off-
highway vehicles compared with more distant lo-
cations in California. As in Francis et al.’s (2009) 
study, predators appeared to avoid the noisier 
sites. Barton and Holmes (2007) found 4× more 
nest abandonment near trails, whereas abandon-
ment did not differ between noisy treatment sites 
and control sites in Francis et al.’s (2009) study  
(C. P. Ortega and C. D. Francis unpubl. data); the 
difference might be explained by chronic (24 h 
per day, 7 days per week) noise in the latter study 
compared with intermittent loud noise in the for-
mer. If birds select nest sites with chronic noise, to 
some degree they accept the conditions and may 
not abandon their nests in response to the noise. 
In areas with off-road vehicles, birds may select 
nest sites during the week when the immediate 
environment seems quiet compared with week-
ends, or they may select nest sites before the on-
set of the recreation season. In these cases, birds 
may not accept noisy conditions as part of the 
nest selection process, and this may result in nest 
abandonment.

Changes in vocal communication.—Across taxa, 
social relationships rely on communication, and 
vocal communication dominates much of the first-
order contact in birds. Even though background 
noise can critically impair vocal communication, 
historically investigators did not focus on noise 
in studies of animal communication (Brumm and 
Slabbekoorn 2005). Over the past decade, many 
ornithological studies have focused on the effect 
of noise on communication.

Although we have a good understanding of 
a few species-specific responses—for example, 
in the Domestic Fowl (Gallus gallus domesticus; 
Brumm et al. 2009), Little Greenbul (Andropadus 
virens; Slabbekoorn and Smith 2002), Gray Fly-
catcher (E. wrightii) and Ash-throated Flycatcher 
(Myiarchus cinerascens; Francis et al. 2011), Great 
Tit (Parus major; Slabbekoorn and Peet 2003, Slab-
bekoorn and den Boer-Visser 2006, Pohl et al. 2009), 
Gray Shrike-thrush (Colluricincla harmonica; Par-
ris and Schneider 2009), Gray Fantail (Rhipidura 
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fuliginosa; Parris and Schneider 2009), Common 
Nightingale (Luscinia megarhynchos; Brumm and 
Todt 2002; Brumm 2004, 2006), Eurasian Blackbird 
(Turdus merula; Nemeth and Brumm 2009, Rip-
meester et al. 2010), Common Chaffinch (Brumm 
and Slater 2006), Song Sparrow (Melospiza melo-
dia; Wood and Yezerinac 2006), Dark-eyed Junco 
(Junco hyemalis; Slabbekoorn et al. 2007), and 
House Finch (Badyaev et al. 2008)—we still have 
a great deal to learn about the responses of most 
species. However, many investigators have laid 
the groundwork for additional studies of noise. 

Numerous studies have shown that environ-
mental conditions constrain sound transmission. 
Vegetation affects the way that sound moves 
through different habitats (Ryan 1986, Slabbekoorn 
and Smith 2002, Hansen et al. 2005, Boncoraglio 
and Saino 2007, Simons et al. 2007, Pacifici et al. 
2008) and different topographic environments 
(Brumm 2004, Warren et al. 2006, Slabbekoorn et 
al. 2007). Natural sounds (e.g., insect and other an-
imal vocalizations, rain, wind, streams, and thun-
der) and anthropogenic noise can interfere with 
the detection and discrimination of vocal signals 
(often referred to as “masking”). Therefore, both 
natural sounds and anthropogenic noise play an 
essential role in determining the efficacy of vocal 
communication and also exert a selective pressure 
on the evolution of communication, often resulting 
in song frequencies that transmit most efficiently 
through a given environment (Morton 1975, Ryan 
and Brenowitz 1985).

Sound transmission differs with habitat (Slab-
bekoorn and Smith 2002, Slabbekoorn et al. 2007), 
but at least some birds compensate for these dif-
ferences. For example, Slabbekoorn and Smith 
(2002) reported that song frequency of the Little 
Greenbul varies across habitat gradient in Afri-
can rainforests. On an evolutionary scale, urban 
habitat is relatively novel, but some investigators 
pointed out that some urban settings are acousti-
cally similar to cliffs, canyons, and other natural 
environments (Brumm 2004, Warren et al. 2006, 
Slabbekoorn et al. 2007). However, canyons and 
cliffs do not exist throughout all landscapes; 
therefore, many species are not adapted for the 
acoustics of canyons and cliffs. Furthermore, 
canyons and cliffs have not been well studied as 
selection pressures for communication in birds. 
Because urban areas are expanding on a global 
basis (Slabbekoorn et al. 2007), anthropogenic 
noise exerts an evolutionarily novel pressure on 
many birds worldwide. 

In addition to environmental conditions, 
other selective pressures and constraints, such 
as body size (Morton 1975), vocal apparatus 
size (e.g., syrinx and bill characteristics; Ryan 
and Brenowitz 1985, Badyaev et al. 2008), and 
phylogeny (Ryan and Brenowitz 1985), influence 
evolution of bird song, with a trend of lower 
frequencies produced by larger birds (Ryan 
and Brenowitz 1985). When environmental 
conditions change, including background noise 
levels, natural selection will favor vocalizations 
that move effectively through the local habitat. 
Thus, changes in noise will affect both vocaliza-
tions and sensory drives (Ryan and Brenowitz 
1985, Endler 1992). Other constraints, however, 
may preclude changes in vocalizations. For 
example, Badyaev et al. (2008) suggested that 
urban background noise should favor higher-
frequency songs, but bill morphology, which 
is influenced by available food resources, may 
limit changes in song characteristics. In Ari-
zona, they found that urban House Finches feed 
on larger, harder foods than their counterparts 
in the less disturbed Sonoran desert (e.g., sun-
flower seeds vs. cacti and grass seeds, respec-
tively); they suggested that directional selection 
has favored larger bills in the urban population, 
resulting in a tradeoff between bill size and song 
characteristics important in courtship, particu-
larly trills. 

Noise can mask communication.—Masking occurs 
when sounds hide or interfere with the detection 
of a biologically relevant sound, such as vocal 
communication or sounds made by predators. An-
thropogenic noise that masks vocal communica-
tion among birds can have serious consequences 
because birds use vocal communication to attract 
mates and defend territories (Slabbekoorn and 
Smith 2002, Wood and Yezerinac 2006, Barber et 
al. 2010); furthermore, noise can mask begging and 
alarm calls (Warren et al. 2006). Contact calls con-
tribute to maintaining group cohesion, and if noise 
masks these calls, it can potentially result in lost in-
dividuals or breakdown of group cohesion. Exacer-
bating this problem, the “dawn chorus” temporally 
overlaps with one of the heaviest commuter-traffic 
rush hours. Therefore, noise may determine both 
habitat quality and reproductive success.

For effective communication, sounds trans-
mitted by the sender must be detected by the re-
ceiver in forms with unaltered meaning. On the 
basis of data from 49 avian species tested both 
physiologically and behaviorally, Dooling and 
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Popper (2007) reported that birds hear, on av-
erage, best at frequencies between 1 and 5 kHz 
and hear well at the most sensitive frequencies of 
2–4 kHz (Dooling 1982). In comparison, humans 
hear better over a broader frequency (20 Hz to 
20 kHz, with most sensitivity 0.5–4.0 KHz; Dool-
ing and Popper 2007); in other words, in general, 
birds must hear sounds at higher amplitudes 
than humans. Owls represent an exception and 
can hear much softer sounds than passerines 
and many nonpasserines (Dooling and Popper 
2007), and some birds can hear in the ultrasonic 
range (Boncoraglio and Saino 2007). Dooling and 
Popper (2007) reported a general trend in which 
passerines and smaller birds also hear better at 
high frequencies whereas larger birds hear better 
at low frequencies. Long-distance communica-
tion ranges from 0.5 to ~6.0 kHz for typical birds; 
therefore, studies of masking communication 
should focus on this range (Dooling and Popper 
2007). It may also be useful to provide a signal-to-
noise ratio because detection and discrimination 
depend on both the signal and the background 
noise (Brumm and Todt 2002; Brumm 2004, 2006). 

In Australia, Haff and Magrath (2010) investi-
gated responses of nestling White-browed Scrub-
wrens (Sericornis frontalis) to various sounds; even 
though they responded (by ceasing begging calls) 
more strongly to natural predators than to white 
noise, they responded to broadband (both smooth 
and erratic) sounds more than to tonal sounds. 
Earlier, Maurer et al. (2003) had reported that nest-
ling White-browed Scrubwrens begged to parental 
alarm calls, but they obtained their results under 
laboratory food-deprivation conditions. Magrath 
et al. (2007) also reported that adults emit a “food 
call” when they arrive with food, presumably to 
reduce the risk of erroneous begging. In Canada, 
Leonard and Horn (2008) found that nestling Tree 
Swallows (Tachycineta bicolor) responded to experi-
mentally added white noise by emitting begging 
calls at higher minimum frequency and narrower 
frequency range, but added noise did not affect 
nestling growth. However, they used nest boxes, 
whereas Tree Swallows in natural conditions use 
cavities. Nestling–parent communication is likely 
muffled by wood, which differs between boxes and 
natural cavities. Little work has been done on re-
sponses of nestlings to various anthropogenic noise 
sources (but see Swaddle et al. 2012); however, the 
studies cited above suggest that noise pollution 
may affect communication between parents and 
nestlings.

Very little work has been conducted on birds’ 
responses to what I would call “vocal com-
munication interference levels.” This has been 
extensively studied in humans and is referred 
to as “speech interference level” (Kryter 1994). It 
differs from the complete masking phenomenon 
that covers up or hides sounds; with speech inter-
ference, the sound (speech, song, call, etc.) can be 
heard (it may even be very loud), but the sounds 
are unintelligible. For example, one can hear 
people talking very loudly in a room next door 
yet not understand one word of the conversation. 
Habib et al. (2007) proposed “song distortion” 
as an alternative hypothesis to complete mask-
ing of vocalization to explain why 15% fewer 
Ovenbirds experienced successful pairing near 
noisy compressors compared with quieter control 
sites. The effects of, or responses to, these garbled 
sounds may or may not be similar to the effects 
of complete masking (sounds that cannot even 
be heard). Pohl et al. (2009) tested this with Great 
Tits under laboratory conditions and found that 
noise interfered with signal detection; interest-
ingly, detections were worse during simulations 
of the dawn chorus compared with both urban 
and woodland noises.

Birds can change their vocalizations to compen-
sate for the masking effect through (1) changes in 
song or call frequency, (2) changes in amplitude, 
(3) changes in song component redundancies, and 
(4) temporal shifts to avoid morning rush hour or 
other noise. Birds might also respond to masking 
by changing their position within the vegetation 
layer to maximize vocal transmission, but this has 
not, to my knowledge, been investigated. How-
ever, Patricelli et al. (2007, 2008) found that male 
Red-winged Blackbirds (Agelaius phoeniceus) ori-
ent themselves to maximize the intent or message 
of their vocalizations.

Changes in song frequency.—Patricelli and Blick-
ley (2006) suggested two ways in which birds ad-
just frequency in response to low-frequency noise: 
(1) by increasing the lowest frequency with no 
change in the highest frequency, or (2) by shifting 
the entire vocalization to higher frequency. Slab-
bekoorn and Peet (2003), Slabbekoorn and den 
Boer-Visser (2006), and Mockford and Marshall 
(2009) discovered that Great Tits sing at a higher 
minimum frequency in noisy locations than in 
quieter locations. Great Tits apparently have plas-
ticity in their vocal repertoires that enables them 
to breed successfully in locations with varying 
noise levels. Halfwerk and Slabbekoorn (2009) 
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also demonstrated that Great Tits responded to 
experimentally added low-frequency noise with 
songs consisting of higher minimum frequency, 
and they responded to experimentally added 
high-frequency noise with songs consisting of 
lower maximum frequency. At least some birds 
respond to noise with vocal repertoires consist-
ing of songs that differ in frequency (Arcese et al. 
2002) and by singing the songs least masked by 
background noise or by changing the frequency 
of particular songs in their repertoire (Wood and 
Yezerinac 2006, Halfwerk and Slabbekoorn 2009). 
Individuals may learn, during their own sensitive 
periods, particular songs least masked by noises 
around them (Wood and Yezerinac 2006). 

Many species have shown the same pattern 
in different parts of the world. Wood and Yezeri-
nac (2006) reported that Song Sparrows in urban 
areas in and near Portland, Oregon, sing higher-
frequency low notes compared with their counter-
parts living in rural areas. Slabbekoorn et al. (2007) 
found that Dark-eyed Juncos in urban California 
sing at higher minimum frequency than popula-
tions living in forests. In Vienna, Austria, Nemeth 
and Brumm (2009) found higher song frequencies 
and shorter, albeit not statistically significant, in-
tervals between singing bouts among urban Eur-
asian Blackbirds. Ripmeester et al. (2010) reported 
that city-dwelling Eurasian Blackbirds in the Neth-
erlands sang at a higher peak frequency than their 
counterparts in forests. In Australia, Gray Shrike-
thrushes increased the frequency of their songs 
in response to traffic noise (Parris and Schneider 
2009). Individual Black-capped Chickadees (Poecile 
atricapillus) also shift the frequency of their song, 
but this has been reported in social contexts rather 
than in the context of background noise (Ratcliffe 
and Weisman 1985, Hill and Lein 1987). Nemeth 
and Brumm (2009) suggested, as an alternative to 
masking, that motivational states of higher arousal 
from higher urban bird densities may also explain 
the faster-paced, higher-frequency songs. Nemeth 
and Brumm (2010) further suggested that among 
urban Great Tits and Eurasian Blackbirds, vocal 
amplitude had a much larger effect on transmis-
sion distance than vocal pitch, and that song fre-
quency shifts might be a side effect of singing at 
higher amplitudes.

Changes in amplitude.—Amplitude shifts, also 
referred to as the “Lombard effect” and first 
described as a human response (Brumm and 
Todt 2002, Warren et al. 2006; name derived from 
Lombard 1911), may allow birds to be heard in 

noisy areas. For example, Common Nightingales 
increase the volume of their singing with traffic 
noise (Brumm 2004) and white noise (Brumm 
and Todt 2002). This response has also been 
reported in Blue-throated Hummingbirds (Lamp-
ornis clemenciae), Zebra Finches and Budgerigars 
(Melopsittacus undulatus; reviewed in Warren 
et al. 2006), and Domestic Fowl (Brumm et al. 
2009). Some birds may already produce songs 
or portions of songs at maximum levels; for 
example, although Brumm and Todt (2002) found 
that Common Nightingales sing at higher ampli-
tudes in noisy environments, some elements or 
portions of their song did not increase in response 
to increased noise because, presumably, those 
elements were already at the highest possible 
amplitude. 

Changes in song components and redundancies.—
Brumm and Slater (2006) found that in naturally 
noisy areas, male Common Chaffinches sing 
some song components for longer bouts than 
their counterparts in quieter areas. However, 
they delivered fast trills in shorter bouts, which 
perhaps suggests a tradeoff between attracting 
females (attracted to trills) and reducing neu-
romuscular fatigue. Beyond this study, to my 
knowledge, very little work has been conducted 
in this area.

Temporal changes in singing.—We do not know 
much about species-specific reactions to noise 
that involve temporal shifts in singing. However, 
Brumm (2006) found that Common Nightingales 
can adjust the timing of their peak singing to 
avoid acoustic interference (in this case, play-
backs of other species’ songs), and Ficken et al. 
(1974) reported that Least Flycatchers (Empidonax 
minimus) and Red-eyed Vireos shifted their tim-
ing to avoid heterospecific overlap. Fuller et al. 
(2007) reported shifts from diurnal to noctur-
nal singing among European Robins (Erithacus 
rubecula). Similar temporal shifts have also been 
reported in frogs (Zelick and Narins 1982, 1983; 
Schwartz and Wells 1983; Narins 1995). 

Interference with the ability to hear predators and 
other important sounds.—In addition to commu-
nication, hearing is critical for detecting preda-
tors and other dangers and opportunities in the 
environment (Quinn et al. 2006, Slabbekoorn and 
Ripmeester 2008, Barber et al. 2010). If sounds made 
by predators, such as footsteps, breathing, and rus-
tling leaves, are masked by noise, the immediate 
situation becomes considerably more risky for po-
tential prey. Also, even in the absence of noise made 
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by predators (e.g., aerial predators; Leavesley and 
Magrath 2005), if noise masks warning calls (by 
conspecifics or heterospecifics), the perception of 
danger may be underestimated, resulting in inap-
propriate, perhaps lethal responses. Conversely, 
from a predator’s perspective, many birds and 
other animals find food resources through listening 
(Goerlitz et al. 2008). For example, American Robins 
(Turdus migratorius) listen for sounds of worms 
underground (Montgomerie and Weatherhead 
1997), and many raptors depend on noises made by 
their prey (Knudsen and Konishi 1979, Rice 1982). 
This seems a relatively unexplored topic. 

Sounds are also critical for an animal’s ability 
to determine its orientation and move across a 
landscape. The contribution of sounds to the envi-
ronment is referred to as a “soundscape,” and the 
use of perceived sounds for general orientation 
within a landscape is referred to as “soundscape 
orientation” (Slabbekoorn and Bouton 2008). For 
example, animals use sounds to find water sources 
and protected areas. Soundscapes are particularly 
important for nocturnal animals and animals that 
move through caves or dense vegetation. 

Challenges, Needs, and Opportunities

Isolating noise from confounding variables.—Deter-
mining effects of noise on free-ranging birds and 
other wildlife is particularly challenging because 
we rarely have the opportunity to isolate noise 
as a  single testable variable. Numerous studies 
have suggested that human disturbances nega-
tively affect birds and other wildlife species in a 
variety of ways. In many of these studies, noise 
is coupled with human disturbance, including 
snowmobiles (Creel et al. 2002, Seip et al. 2007), 
all-terrain vehicles (Barton and Holmes 2007), 
trails (Taylor and Knight 2003, Trulio and Sokale 
2008), boating (Rodgers and Schwikert 2002, Pe-
ters and Otis 2006, Rojek et al. 2007), roads and 
traffic (Reijnen et al. 1995, Brotons and Herrando 
2001), aircraft (Carney and Sydeman 1999, Giese 
and Riddle 1999, Goudie 2006, Rojek et al. 2007), 
and ski resorts (Ballenger and Ortega 2001). 

However, none of these earlier studies sepa-
rated noise from the effects of other disturbance. 
For example, studies on the effect of human noise 
(talking, laughing, etc.) are confounded with dis-
turbance caused by physical presence of people 
(Burger and Gochfeld 1998) and with foraging 
opportunities provided by people (Fernández-
Juricic 2001). Similarly, studies on the effects of 

road or highway noise (Brotons and Herrando 
2001) are confounded with effects of habitat frag-
mentation caused by the roads themselves, the 
physical movement of traffic, perceived risks of 
traffic and increased predators, and vehicular ex-
haust. A few studies have demonstrated that birds 
and other wildlife can also be negatively affected 
by nonmotorized human recreational activities—
for example, hiking with or without dogs on and 
off leash, horseback riding, cycling, and ski-slope 
activities—and some species are more disturbed 
by humans on foot than by motorized vehicles 
(Mallord et al. 2007, Patthey et al. 2008, Reed and 
Merenlender 2008, Stankowich 2008). The most 
definitive conclusion from most of these studies 
is that some aspect or several aspects of human 
disturbance negatively affect birds.

Our ability to detect birds with noise during sur-
veys.—Ortega and Francis (2012) determined that 
sound pressure levels above 45 dB(A) signifi-
cantly impaired our ability to detect birds; there-
fore, surveys in noisy areas likely underestimate 
bird occupancy. This is particularly relevant in 
studies aimed at comparing sites that differ in 
noise levels. For example, studies of fragmenta-
tion are often coupled with noisy activities, such 
as roads and other development. The effects of 
background noise clearly vary among observers’ 
abilities to aurally detect birds, and species vary 
in their detectability. Pacifici et al. (2008) reported 
at 100 m, detection probabilities ranged from 0 to 
1, and 3–99% of birdsongs were detected during a 
birdsong simulation experiment. They suggested 
that surveys focused on particular species might 
yield the best results. However, when the objec-
tive is to compare communities between or among 
sites, surveyors need to count all birds. In another 
simulated experiment, Simons et al. (2007) found 
that observers overcount within 50 m and under-
count beyond that distance, and the mean num-
ber of birdsongs detected decreased by 41% with 
10 dB(A) of added white noise.

Indirect effects that could change landscapes.—The 
indirect effects of noise, to my knowledge, have 
not been well studied, but at least one study has 
suggested potential effects on habitat because 
some birds that provide ecological services, such 
as pollination and seed dispersal, are affected 
either positively (e.g., Black-chinned Humming-
birds) or negatively (e.g., Western Scrub-Jays) by 
noise (Francis et al. 2009, 2012; Ortega and Francis 
2012). Francis et al. (2009) reported on the poten-
tial of noise pollution from gas well compressors 
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to alter the future distribution of piñon–juniper 
(Pinus edulis–Juniperus osteosperma) forests be-
cause at least one of the main dispersers (Western 
Scrub-Jays) of piñons were notably absent from 
the noisy compressor sites. Currently, we do not 
know how noise indirectly affects other habitats.

Who regulates noise, where, and how? —The fed-
eral Office of Noise Abatement and Control (under 
the authority of the Environmental Protection Act) 
closed in 1981 because they concluded that noise 
issues would be better handled at the local level. 
Currently, states, counties, and municipalities reg-
ulate noise from an anthropocentric perspective 
with little or no consideration for wildlife species, 
although some federal land management agencies 
set their own noise tolerance levels for the benefit 
of wildlife, but usually for charismatic species sen-
sitive to disturbance. Local regulations are often 
very lenient, with many loopholes, exclusions, and 
exemptions that promote special interests (for links 
to state regulations, see www.epa.gov/epahome/
state.htm). For example, in Colorado, under Article 
12, Noise abatement, section 25-12-103, Maximum 
permissible noise levels: “This article is not applica-
ble to the use of property for the purpose of manu-
facturing, maintaining, or grooming machine-made 
snow.” Other exclusions include athletic, entertain-
ment, cultural, and patriotic events. 

Sound pressure levels are also very lenient. For 
example, in Colorado, the limit set for motorized 
vehicles measured from 50 feet (15.2 m) from the 
center line of a road is 86 dB(A) and 90 dB(A) 
for speeds less than and exceeding, respectively, 
35 mph (56.3 kph). Limits for off-road vehicles are 
almost as lenient, at 82 dB(A) and 86 dB(A) for 
below and above 35 mph (56.3 kph), respectively. 
Additionally, the same regulations state that

In all sound level measurements, consideration 
shall be given to the effect of the ambient noise 
level created by the encompassing noise of the 
environment from all sources at the time and 
place of such sound level measurement.

This does not take into account the cumulative ef-
fects of noise pollution and makes for regulation 
with little or no teeth, set within a framework of 
ambiguity. 

Without more stringent and enforceable regula-
tions, reducing noise pollution will require citizen 
consciousness and compliance. With increasing 
urban sprawl and its associated noise pollution, 
louder and more frequent noises throughout the 

world, and bird population declines, the responsi-
bility rests with researchers to provide useful infor-
mation on the effects of noise pollution on birds and 
other wildlife and how noise can best be mitigated.

What kind of mitigation is possible? —In order 
to plan mitigation for noise, we need to under-
stand the major sources of noise. Anthropogenic 
noise is nothing new, but the sounds of outdoor 
markets and horses clopping along cobblestone 
streets have been traded for more contemporary 
noises that now dominate our soundscape. Noise 
can conveniently be categorized as (1) long-term 
and relatively constant, such as noise from in-
dustry and business as well as housing (e.g., air 
conditioning and exhaust fans); (2) regular but 
intermittent, such as air and road traffic; and 
(3) temporary noise, such as military activities, 
special events, and domestic conveniences (e.g., 
lawn mowers, chainsaws, weed trimmers, leaf 
blowers, snow blowers, cell phones, car horns 
and alarms). Many temporary noises, however, 
collectively produce a constant urban hum. 

Most noises can be muffled better; others are 
unnecessary (e.g., car horns to confirm activated 
alarms). Noise from industry can also be muffled, 
but unless regulations require it, industries may 
not volunteer to pay the high cost of current 
mitigation technology, such as noise reduction 
barriers. Bayne et al. (2008) estimated that retro-
fitting a compressor station with sound reduction 
equipment would cost $35,000–50,000. They also 
compared the estimated $175–250 million cost to 
reduce noise by 4 dB(A) throughout the energy 
sector in boreal Alberta with the $100 billion in-
flux from the energy sector over the next 5 to 10 
years (Habib et al. 2007, Bayne et al. 2008); they 
suggested that it would be a cost-effective best 
management practice. 

Mitigation measures that have been suggested 
to reduce traffic noise include (1) using road sur-
faces that absorb more sound (Slabbekoorn and 
Ripmeester 2008, Blickley and Patricelli 2010); (2) 
reducing speed, especially during the breeding 
season (Makarewicz and Kokowski 2007, Parris 
and Schneider 2009, Slabbekoorn and Ripmeester 
2008); (3) shuttle buses, especially in parks (Bar-
ber et al. 2010); and (4) seasonal road closures in 
important breeding areas to the extent feasible 
(Slabbekoorn and Ripmeester 2008). Parris and 
Schneider (2009) and Blickley and Patricelli (2010) 
pointed out that sound barriers for roads would 
reduce noise pollution but hinder wildlife move-
ments. This is a management area in need of 
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further investigation. For many species, sound 
barriers make movement across roads difficult 
or impossible, but they may also prevent animal–
vehicle collisions. Sound barriers do not necessar-
ily have to extend to the ground and, coupled with 
wildlife overpasses, could be a potential solution, 
at least in some areas. Research on solutions as 
well as potential implementation might be funded 
by a noise tax (Sandberg 1991).

Mitigation measures will come with a financial 
burden; therefore, it is unlikely that industry will 
adopt them voluntarily or that citizens will will-
ingly accept mitigation costs passed on by indus-
try. As Blickley and Patricelli (2010) suggested, 
reduction of noise pollution will take policy ac-
tion in terms of adjusted noise-level standards 
and mitigation measures to meet new standards. 
Before policy makers can make these important 
and perhaps controversial decisions, they will 
need compelling scientific evidence that noise 
negatively affects some species of birds and other 
wildlife, especially species of concern. 

Although variation exists among species, the 
difference in masking threshold is ~6 dB(A) less 
in humans than in birds; in other words, humans 
can detect sounds with 6 dB(A) greater back-
ground noise compared with the typical bird 
(Dooling and Popper 2007). This has important 
implications for potential mitigation. Sound 
pressure levels decrease by ~6 dB(A) for every 
doubling of distance from the sound source. This 
implies that at least some birds can no longer de-
tect a sound at half the distance from the noise 
source as a human can hear it. Therefore, hu-
mans are poor judges of what masks sounds for 
birds. In other words, compared with humans, 
birds may be less disturbed by noise closer to the 
source (e.g., highway noise, compressor noise, 
etc.), but the masking effects are greater. 

Future research needs.—The EPA identified a need 
for research in three major areas involving the ef-
fects of noise on wildlife: (1) effects of long-term 
exposure to moderate noise levels, (2) whether 
wild animals experience the same adverse reac-
tions to noise as laboratory animals, and (3) the 
ecological consequences of masking and altered 
behavioral patterns (EPA 1980). Thirty years have 
passed since the agency made these suggestions; 
however, relatively few research efforts since have 
addressed these three areas of need. 

More recently, Warren et al. (2006) also sug-
gested three, albeit different, areas in need of 
research: (1) the relationship between spatial 

distribution of noise and variation in communi-
cation, (2) potential relationship between timing 
of noise levels and the dawn chorus, and (3) the 
acoustics of canyons. They pointed out that, in 
addition to contributing to knowledge that ben-
efits conservation and management planning 
strategies, these research topics would have the 
additional benefit of contributing to our overall 
knowledge of avian communication.

We are still on the forefront of our understand-
ing of how at least some birds can adjust their vo-
calizations in response to noise pollution. But to 
my knowledge, in addition to the above research 
suggestions, we do not yet know the answers to 
many other critical questions (outlined below) 
and how all the information (known and un-
known) interconnects.

(1) We know that some species change fre-
quency or loudness of their songs in response to 
noise, but our knowledge comes from relatively 
few species. In order to generalize about com-
mon responses of birds to noise, we must increase 
our understanding of species-specific responses, 
covering at least the major taxonomic groups of 
birds. It may also be useful to know whether spe-
cies within the major taxonomic groups of birds 
respond to noise in similar ways.

(2) Most research on effects of noise on bird com-
munication has focused on song. However, other 
important vocalizations (e.g., alarm calls, contact 
calls, begging vocalizations, and invitation-to-cop-
ulation calls) have not been studied as much.

(3) We know little about how females respond 
to changes in vocalization or whether noise inter-
feres with their ability to orient themselves in a 
spatially appropriate manner. Most of our knowl-
edge comes from a few studies of frogs. For exam-
ple, Bee and Swanson (2007; cited in Barber et al. 
2010) reported that female Gray Treefrogs (Hyla 
chrysoscelis) take longer to orient themselves to 
male signals in the presence of traffic noise play-
backs. Parris et al. (2009) pointed out a tradeoff 
between audibility and mate attraction in frogs 
that may apply to at least some bird species. They 
suggested that female Common Eastern Froglets 
(Crinia signifera) prefer lower-frequency songs be-
cause they indicate larger males, yet males call at 
a higher frequency in areas of traffic noise.

(4) In natural habitats, sound does not attenu-
ate in a symmetrical spherical pattern because of 
permanent (e.g., topography) and temporary (e.g., 
atmospheric conditions) features. In general, lower 
frequencies degrade less in dense vegetation than 
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higher frequencies; however, lower frequencies 
attenuate more rapidly when emitted close to the 
ground (Boncoraglio and Saino 2007). Animals can 
spatially orient themselves to maximize hearing 
and vocalizing. For example, some birds direction-
ally orient themselves in ways that maximize trans-
mission of communication (Boncoraglio and Saino 
2007, Patricelli et al. 2008). Therefore, one might ex-
pect that birds can change their position within the 
vegetation layers in addition to directional orienta-
tion to maximize their vocal transmissions. 

(5) There may be an interesting relationship 
between abundance of certain species in noisy 
areas and their song frequency; birds with higher 
dominant song frequency may be more abundant 
near roads and other noisy areas (Rheindt 2003). 
Further investigation would help us predict ef-
fects of noise, particularly with new roads, indus-
try, and energy extraction activities. 

(6) Very little work has teased apart two major 
elements of noise masking: detection (signal not 
heard) and discrimination (signal heard but un-
intelligible). Distinction between these elements 
might be important if birds can still respond to 
certain components of a garbled song or call. 

(7) We do not have an understanding of how 
noise has affected, or might affect in the future, 
birds at the population level. A necessary compo-
nent of this would be to gain a better understand-
ing of the effects of noise on the communication 
system between nestlings and their parents. 
Potential population changes will likely have 
to be modeled using soundscape information 
in geographic information systems (GIS). This 
will open up opportunities for interdisciplinary 
collaboration with GIS experts, planners, archi-
tects, acoustical physicists, agencies, and biolo-
gists in various disciplines. Many workgroups 
are already working on soundscape maps; for 
example, noise contours are regularly mapped 
for airports (Warren et al. 2006), and the National 
Park Service is developing a soundscape pro-
gram. GIS maps with context options (e.g., time 
of day, seasons, and when particular events such 
as train trips or sporting events occur) should be 
invaluable tools for predicting bird population 
changes due to noise.

(8) We do not, to my knowledge, know how 
noise might affect competition for resources. For 
example, Ortega and Francis (2012) found that 
Violet-green Swallows (Tachycineta thalassina) are 
significantly more common on treatment sites 
(with noisy compressors) than on control sites (gas 

wells without compressors). One hypothesis is that 
the compressor noise eliminates bats that might 
overlap with swallows during the dawn and dusk 
hours, leaving more food resources for swallows.

(9) In order to determine the role of noise in 
predator–prey relationships, we need to bet-
ter understand how noise affects the success of 
predators by masking sounds of their prey. Con-
versely, we need to understand how noise affects 
the ability of prey to detect predators.

(10) As mentioned above, noise is often difficult 
to study as a single testable variable. Several studies 
have used noise from gas well compressors because 
the noise can be turned off, and these sites can easily 
be compared with ecologically similar habitat adja-
cent to or surrounding gas wells without compres-
sors. Conversely, adding noise is relatively easy but 
has both advantages and disadvantages of creating 
a situation that birds did not choose. It is easier to 
study human-created noise—at least in some situ-
ations, such as the energy sector—than to study 
the effects of noise in the natural world. However, 
it is not impossible to isolate naturally occurring 
noises. One opportunity to isolate naturally oc-
curring noise as a single testable variable involves 
noise from flowing water. This may be logistically 
challenging but not impossible. Regulated streams 
can be “turned off” long enough to conduct bird 
surveys or experiments. These periods can be com-
pared with times when streams flow and are noisy. 
Dam operators might be willing to cooperate as 
long as the requested times do not significantly in-
terfere with water delivery. It could even be as sim-
ple as coordinating research activities with already 
scheduled dam operations. 

(11) Many birds provide ecological services, 
such as seed dispersal, pollination, and pest con-
trol. At this point in time, we have a poor under-
standing of how noise affects these birds and how 
these effects may, in turn, affect the future distri-
bution of certain habitats. 

(12) Many birds incorporate songs of other spe-
cies into their vocal repertoires. For example, David 
Attenborough hosted a revealing video of a Superb 
Lyrebird (Menura novaehollandiae) imitating sounds 
of camera shutters, car alarms, and chainsaws 
(www.youtube.com/watch?v=OFDdtRD5ED8). 
Similar accounts exist on the Internet of other 
birds, especially Northern Mockingbirds (Mimus 
polyglottos) and Eurasian Blackbirds (Stover 2009), 
imitating various cell phone rings and tones, am-
bulances, and other common urban noises. Pre-
sumably, incorporation of these anthropogenic 
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noises increases their overall repertoires, yet we 
do not know how females respond to these novel 
vocalizations.

The Future for Birds in a Noisier World

Noise is nothing new to many avian species, es-
pecially colonial species that collectively make 
deafening noises themselves. Some species have 
presumably lived with natural sound, such as 
streams, waterfalls, and wind, for a very long 
time. Anthropogenic noise pollution will continue 
to challenge many other species, and whether or 
not they can coexist with noise will depend on (1) 
the degree of sound spectrum overlap between 
anthropogenic noise and important acoustic cues 
in their world; (2) the degree to which other sen-
sory forms can compensate for reduced hearing; 
(3) how other organisms (e.g., predators, compet-
itors, parasites, seed dispersers, pollinators, and 
other organisms that provide ecological services) 
in the community respond to noise pollution; and 
(4) the extent to which males and females can co-
ordinate their responses. 

Sounds have always been an integral part of the 
environment, but changes by humans, resulting 
in noise pollution, have disturbed the integrity of 
natural ecosystems. Barber et al. (2010:8) suggested 
that “Taken collectively, the preponderance of 
evidence argues for immediate action to manage 
noise in protected natural areas.” Management of 
noise will be necessary to maintain or restore the 
integrity of natural ecosystems. This will require 
numerous actions: (1) sound scientific research to 
better understand the complicated and sometimes 
seemingly underlying effects of noise pollution; 
(2) raising the collective consciousness of society 
about the harmful effects, including information 
on how citizens can reduce their contribution to 
noise pollution; and (3) working with policy mak-
ers to tighten regulations and enforcement of noise 
sources. 
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Biological invasions and ecosystem processes: towards an 
integration of population biology and ecosystem studies 

Peter M. Vitousek 

Vitousek, P. M. 1990. Biological invasions and ecosystem processes: towards an 
integration of population biology and ecosystem studies. - Oikos 57: 7-13. 

Biological invasions by exotic species clearly alter the composition and community 
structure of invaded areas. There is increasing evidence that they can also alter 
properties of whole ecosystems, including productivity, nutrient cycling, and hydrol- 
ogy. For example, the exotic actinorrhizal nitrogen-fixer Myrica faya alters primary 
successional ecosystems in Hawaii Volcanoes National Park by quadrupling inputs of 
nitrogen, the nutrient limiting to plant growth. A few other examples of ecosystem- 
level changes have been documented. Biological invaders change ecosystems by 
differing from native species in resource acquisition and/or resource use efficiency, by 
altering the trophic structure of the area invaded, or by altering disturbance fre- 
quency and/or intensity. Where exotic species clearly affect ecosystem-level proper- 
ties, they provide the raw material for integrating the methods and approaches of 
population and ecosystem ecology. 

P. M. Vitousek, Dept of Biol. Sci., Stanford Univ., Stanford, CA 94305, USA. 

Introduction 

Much of the recent progress in ecosystem ecology can 
be traced to studies which have examined the responses 
of ecosystems to disturbance (Odum 1969). For exam- 
ple, early studies of forest clear-felling (cf. Hesselman 
1917, in Stalfelt 1960) demonstrated that soil nutrient 
availability is usually enhanced in harvested sites. More 
recently, studies at the Hubbard Brook Experimental 
Forest (Likens et al. 1970, Bormann and Likens 1979), 
in Sweden (Tamm et al. 1974, Wiklander 1981), and 
elsewhere documented that forest cutting alters wa- 
tershed-level hydrology and nutrient losses; longer-term 
measurements have documented the reestablishment of 
biotic regulation of water and nutrient cycling during 
secondary succession (Bormann and Likens 1979). 
Studies of a wide range of harvested sites have provided 
a geographic perspective for patterns in nutrient losses 
following cutting (Vitousek and Melillo 1979), and de- 
tailed experimental studies have evaluated physical and 
microbial mechanisms controlling variations in loss (Vi- 
tousek and Matson 1984, 1985, Matson et al. 1987). The 
development and testing of theories concerning the 
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regulation of nutrient cycling in forest ecosystems (Vi- 
tousek and Reiners 1975, Bormann and Likens 1979, 
Vitousek and Walker 1987) have been driven in large 
part by these studies of clearcutting. 

Natural disturbances such as fire (Christensen and 
Muller 1975, Raison 1979) and periodic insect or patho- 
gen outbreaks (Swank et al. 1981, Matson and Boone 
1984, Matson and Waring 1984) can affect ecosystems in 
ways similar to acute anthropogenic disturbance. 
Viewed on a longer time scale, however, these can also 
be viewed as cyclic phenomena driven by processes 
internal to ecosystems (fuel accumulation, nutrient defi- 
ciency). Natural disturbance of this sort actually may be 
integral to the normal functioning of many ecosystems 
(Holling 1981). 

Experimental studies of ecosystem-level responses to 
disturbance have yielded substantial benefits to applied 
as well as basic ecology (if indeed the dichotomy has 
much meaning). For example, studies of lake eutrophi- 
cation in the Experimental Lakes Area of Ontario are 
both a convincing analysis of why increased phosphorus 
loading causes eutrophication and a widely comprehen- 
sible and politically influential demonstration of how 
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the process works (Schindler et al. 1973, Schindler 
1989). 

Biological invasions by exotic species represent a 
wholly different kind of disturbance from those de- 
scribed above, but they too could yield both basic and 
practical results. Population biologists and community 
ecologists have long used responses to invasion as a 
means of analyzing population processes (cf. Elton 
1958, Moulton and Pimm 1983, Mooney and Drake 
1986). If an introduced species can in and of itself alter 
ecosystem-level processes such as primary or secondary 
productivity, hydrology, nutrient cycling, soil develop- 
ment, or disturbance frequency, then clearly the prop- 
erties of individual species can control the functioning 
of whole ecosystems (Vitousek 1986). Such species then 
would provide a useful framework for integrating popu- 
lation and physiological processes into ecosystem stud- 
ies. 

Practically, an exotic species which altered ecosystem 
properties would not merely compete with or consume 
native species - it would alter the fundamental rules of 
existence for all organisms in the area. It could have 
significant social or economic effects if it altered any of 
the "ecosystem services" (cf. Ehrlich and Mooney 1983) 
that affect humanity (such as the regulation of water 
quality). Finally, biological invasions by exotic species 
may provide a model for evaluating the possible effects 
of the release of genetically altered organisms (Regal 
1986). 

Studies of biological invasions are not the only way to 
examine the ecosystem-level importance of individual 
species. Many studies have attempted to determine the 
importance of particular species without actually alter- 
ing species composition, and a smaller number have 
experimentally added or removed species and deter- 
mined ecosystem-level consequences. The latter ap- 
proach has been very successful with animals; they can 
often be enclosed or exclosed by the experimenter. 
However, the same approach is not applicable to abun- 
dant perennial plants - for them, removal itself repre- 
sents a disturbance with ecosystem-level consequences 
similar to those of clearcutting. On the other hand, 
studies of ecosystem-level consequences of biological 
invasions by exotic species can be done with any group 
of organisms, and the unprecedented mobility of hu- 
mans and our associated species ensures that there is 
more than enough material for study. 

I will describe an instance in which an exotic plant 
species clearly alters ecosystem-level characteristics, 
and then review briefly a number of other invasions 
which appear to alter ecosystem properties. Finally, I 
will discuss how the ecosystem-level effects of invading 
species could be used to provide the raw material for 
integrated studies of population biology and ecosystem 
ecology. 

Myrica faya in volcanic regions of Hawai'i 
Isolated oceanic islands have long been recognized as 
being unusually susceptible to biological invasion (Wal- 
lace 1880, Elton 1958); their biota is highly endemic, 
usually not very diverse compared with continental ar- 
eas, disharmonic in species composition (often lacking 
in major groups such as mammals or ants), and not well 
adapted to the increased frequency of disturbance 
which generally accompanies invasion by Homo sapiens 
(Vitousek et al. 1987, Loope and Mueller-Dombois, in 
press). The Hawaiian Islands are Earth's most isolated 
archipelago; their native biota are relatively well char- 
acterized and quite low in overall species diversity 
(Carlquist 1980, Mueller-Dombois et al. 1981, Stone 
and Scott 1985). Biological invasions of Hawai'i are 
frequent and often highly successful. For example, the 
native flora consists of about 1100 species - and an 
additional 4600 exotic plants have been identified there, 
of which perhaps 800 are invasive and at least 86 repre- 
sent serious threats to native species or ecosystems 
(Smith 1985). One species of mammal (a bat) is native; 
at least 18 more have become established after introduc- 
tion by humans (Stone 1985). 

My colleagues and I have been studying the ecosys- 
tem-level consequences of an ongoing biological inva- 
sion by Myrica faya Ait., an actinorrhizal nitrogen fixer, 
in a young volcanic region of Hawai'i Volcanoes Na- 
tional Park (HVNP) (Vitousek et al. 1987, Turner and 
Vitousek 1987). Kilauea Volcano has erupted fre- 
quently in historic times, and 14C dating has extended 
the chronology of lava flows and ash deposits back 
several thousand years (Lockwood and Lipman 1980, J. 
P. Lockwood, pers. comm.). Ecosystems developing on 
recent volcanic substrates in HVNP are relatively low in 
nitrogen (Vitousek et al. 1983), as is true of primary 
succession in general (Walker and Syers 1976, Robert- 
son and Vitousek 1981, Vitousek and Walker 1987). 
Symbiotic nitrogen fixing plants should have a distinct 
competitive advantage early in primary succession 
(Walker and Syers 1976, Gorham et al. 1979, Tilman 
1982), and indeed they dominate early stages of many 
primary seres (Stevens and Walker 1970). However, no 
native symbiotic nitrogen fixers occur early in primary 
rainforest succession in Hawai'i, despite the occurrence 
of legumes (particularly Acacia koa) later in succession. 

Biological invasion by Myrica faya adds a symbiotic 
nitrogen fixer to nitrogen-deficient sites, so it has great 
potential to alter ecosystem-level properties and proc- 
esses. Myrica was introduced to Hawai'i in the late 
1800s, before which the actinorrhizal symbiosis had 
been absent from the native flora. It was first observed 
in HVNP in 1961; by 1977 it covered 600 ha despite 
intensive control efforts (Whiteaker and Gardner 1985). 
Control was then abandoned, and by 1985 Myrica was 
present in varying densities over 12,200 ha in HVNP 
and 34,365 ha in the Hawaiian Islands (Whiteaker and 
Gardner 1985). Myrica occurs in sites ranging from 
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< 15 yr-old volcanic cinder to closed-canopy native 
rainforest, but its cover is greatest in open-canopied 
seasonal montane rainforest and in forests thinned but 
not destroyed by volcanic ashfall. This pattern of dis- 
persal reflects Myrica's physiology and mode of seed 
dispersal (La Rosa et al. 1985, Vitousek et al. 1987). 
Myrica grows very slowly in the shade of a closed forest 
canopy; it is bird-dispersed, and seed inputs are very 
highly concentrated under potential perch trees. Conse- 
quently, it colonizes most heavily in sites with both 
perch trees and open canopies. 

We predicted that biological invasion by Myrica faya 
would alter primary successional ecosystems in Hawai'i 
by increasing the amount and biological availability of 
fixed nitrogen (Vitousek et al. 1987). In order to estab- 
lish this prediction, three requirements must be met: 1) 
nitrogen must be limiting to plant and/or microbial ac- 
tivity; 2) nitrogen fixation by Myrica must alter ecosys- 
tem-level nitrogen budgets substantially; and 3) nitro- 
gen fixed by Myrica ultimately must be available to 
other organisms. 

All three requirements are met in open-canopied sites 
created by volcanic cinder-fall (Vitousek et al. 1987). 
The first (nitrogen limitation) was determined by ferti- 
lizing 26- and 195-yr-old sites with nitrogen, phospho- 
rus, and all other nutrients (including micronutrients 
but excluding N and P) in factorial combination. 
Growth of Metrosideros polymorpha, the dominant na- 
tive tree, was doubled by additions of nitrogen; no other 
nutrient or combination of nutrients had a significant 
main or interactive effect. Additions of nitrogen (alone) 
to an open-canopied site yielded an even larger growth 
increment, while added nitrogen had no effect on 
growth in an approximately 2000-yr-old site where na- 
tive nitrogen availability was much greater (Vitousek et 
al. 1983, 1987). Clearly nitrogen availability does limit 
primary production in young volcanic sites. 

The second requirement (a significant alteration in 
the system-level nitrogen budget) was evaluated by 
measuring nitrogen fixation by Myrica, fixation by li- 
chens and native non-symbionts, and inputs through 
rainfall. These measurements were carried out in sites 
with substantial populations of Myrica, in sites with very 
little Myrica, and in one plot where Myrica was ex- 
cluded experimentally. Measurement of fixation by 
Myrica was a 4-step process based on the acetylene 
reduction assay for nitrogenase (Bergersen 1980). We 
measured moles of C2H2 reduced per mole of 'N2 fixed, 
moles of C2H2 reduced per gram of nodule (diurnally 
and seasonally on three contrasting sites), grams of 
nodule per individual Myrica of several size classes in 
three sites (Turner and Vitousek 1987), and finally the 
population and size distribution of Myrica in several 
sites. These calculations yielded an estimated 18 kg ha-' 
yr-1 of nitrogen fixed by Myrica in a heavily colonized 
open-canopied site (Vitousek et al. 1987). Of course, 
this multiplicative combination of measurements raises 
the possibility of propagating errors; we are now pursu- 

ing alternative estimates based on l5N natural abun- 
dance (Shearer and Kohl 1986). 

Fixation by Myrica is quantitatively more important 
(in sites where it is abundant) than are other sources of 
fixed nitrogen. Rainfall added at most 5 kg ha-' yr-l of 
nitrogen to these sites; native nitrogen fixers (lichens 
with blue-green algal symbionts like Stereocaulon vol- 
cani, Nostoc in bryophyte mats, and decomposers of 
wood and Metrosideros leaf litter) added about 0.5 kg 
ha-1 yr-1 more (Vitousek et al. 1987). Invasion by Myr- 
ica can therefore quadruple inputs of fixed nitrogen. 

Finally, the availability of Myrica-fixed nitrogen was 
examined by measuring pool sizes of inorganic nitrogen 
and net nitrogen mineralization in soil under Myrica, 
under Metrosideros, and in the open. Soil and forest 
floor under Myrica had significantly higher pool sizes 
and mineralization of available nitrogen than soil else- 
where; therefore we concluded that biological invasion 
by Myrica alters the availability as well as the quantity 
of nitrogen in young volcanic sites (Vitousek et al. 
1987). 

All three requirements were met; consequently bio- 
logical invasion by Myrica faya has been shown to alter 
ecosystem-level properties of young volcanic sites in 
HVNP by adding fixed nitrogen. The population-level 
processes which permit and/or facilitate its invasion, 
together with the physiological characteristics which 
cause it to alter nitrogen budgets, therefore have 
important consequences to local ecosystems. In turn, 
we should now be able to observe how the altered 
ecosystem-level properties feed back to affect popula- 
tion and physiological processes of the native biota. 

Invasions and ecosystem alterations 

How often do biological invasions alter ecosystem-level 
properties and/or processes? Several recent reviews 
have addressed this question (Vitousek 1986, Rama- 
krishnan and Vitousek, in press, MacDonald et al., in 
press). Much of the available information is anecdotal 
and unavoidably biased towards successful invasions 
(cf. Simberloff 1986), in this case those which do alter 
ecosystems. I believe that the majority of successful 
invasions do not alter large-scale ecosystem properties 
and processes in a meaningful way. Nonetheless, some 
(such as Myricafaya) clearly do, and a tentative classifi- 
cation of the ways in which biological invaders can alter 
ecosystems may be useful. I suggest invaders can change 
ecosystems where they 1) differ substantially from na- 
tives in resource acquisition or utilization; 2) alter the 
trophic structure of the invaded area; or 3) alter disturb- 
ance frequency and/or intensity. 

Resource acquisition and utilization 

Myrica faya fits into the first category - by fixing atmo- 
spheric nitrogen, it expands the resource base for the 
entire ecosystem, with consequences that could go well 
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beyond its own growth. Another clear example is pro- 
vided by invasions of salt-cedar (Tamarix spp.) in ripar- 
ian areas of the semi-arid southwestern United States. 
Tamarix is a phreatophyte (rooted into ground water) 
which does not actively regulate its transpiration; as a 
consequence it can desiccate watercourses and marshes 
(Neill 1983). Deeply rooted invading plants can also 
alter the resource base of an ecosystem by bringing 
nutrients to the surface where they may be available to a 
range of organisms (Hodgkin 1984). 

Not all changes in resource base increase produc- 
tivity; in California and Australia, the exotic ice-plant 
(Mesembryanthemum crystallinum) accumulates salt 
from throughout the rooting zone and thereby reduces 
soil fertility (Vivrette and Muller 1977, Kloot 1983). It 
may also increase soil erosion (Halvorson, in press). 
Plants which produce low-quality acid litter also could 
reduce overall soil nutrient availability (Pastor et al. 
1984). This effect has been documented clearly in tree 
plantations (cf. Nihlgard 1972, Perala and Alban 1982); 
whether it occurs as a consequence of natural invasions 
remains to be documented, but the invasion and rapid 
growth of Pinus radiata in areas of Australian Eucalyp- 
tus woodland (Chilvers and Burdon 1983) could cause 
such changes. 

Invading species which differ from natives in their 
efficiency of resource utilization also could alter ecosys- 
tem-level processes effectively. One way in which one 
plant species could be more efficient than another is 
through differences in life-form; for example, peren- 
nials maintain internal storage pools of energy and nu- 
trients which they can utilize in subsequent growing 
seasons, while annuals have only seed storage and cur- 
rent photosynthesis and nutrient uptake. Adding a pe- 
rennial to a system dominated by annuals could there- 
fore alter ecosystem properties. The invasion of floating 
aquatic plants into open-water habitats represents an 
analogous change. For example, the water-fern Salvinia 
molesta has altered productivity and water chemistry 
substantially in Africa, India, and Papua New Guinea 
(Mitchell et al. 1980, Thomas 1981). Invaders which 
differ from natives in photosynthetic pathway (C3, C4, 
CAM) could also change ecosystems (Ramakrishnan 
and Vitousek, in press), although I am not aware that 
any such changes have been documented unequivocally 
as being due to differing photosynthetic pathways. 

Trophic structure 

Experimental studies and examinations of biological in- 
vasions have demonstrated that manipulating the up- 
permost level of a trophic pyramid can have ecosystem- 
level consequences disproportionate to the amounts of 
energy and/or nutrients involved (Paine 1966, Dayton et 
al. 1984). This effect may be responsible in part for the 
observation that it is easier to document ecosystem- 
level consequences of biological invasions by animals 
than plants (Vitousek 1986). Animal invasions are par- 

ticularly disruptive on oceanic islands; these often 
lacked any large generalist herbivore before human set- 
tlement. Additions of pigs, goats, and cattle have al- 
tered islands dramatically; consequent changes in soil 
erosion, nutrient cycling, and subsequent invasibility 
have been identified (Stone 1985, Stone et al., in press, 
Merlin and Juvik, in press). 

The effects of animal invaders on oceanic islands may 
be so severe because islands often have only two trophic 
levels, producers and decomposers (excluding specialist 
herbivores and their carnivores). Adding large general- 
ist herbivores without their predators therefore can de- 
press producer populations and/or standing crop. Sub- 
sequent addition of a predator (in Hawai'i, human hun- 
ters) often results in greater plant cover (including that 
of natives) in accessible areas (Jacobi and Scott 1985, 
Stone et al., in press). 

Alterations in trophic structure per se are not the only 
reason for severe ecosystem-level consequences of ani- 
mal invasions on oceanic islands. The flora of such 
islands is often lacking in chemical and mechanical de- 
fenses against herbivores (Carlquist 1980); animal in- 
vasion can therefore cause more damage than might 
occur simply by adding another trophic level to a conti- 
nental area. Invasions by animals can be extremely dis- 
ruptive in continental regions; European wild boars in 
the Great Smoky Mountains of the south-eastern 
United States provide one clear example (Bratton 1975, 
Singer et al. 1984). In this case, however, the ecosys- 
tem-level effect is probably due to physical disturbance 
(see below), and the invasion may be facilitated by 
human removal of carnivores (wolves, puma) in the 
region. 

Disturbance frequency and intensity 
Biological invaders which alter the disturbance regime 
of an invaded area can have significant ecosystem-level 
consequences; natural disturbance regulates both popu- 
lation and ecosystem-level properties in many, perhaps 
most, ecosystems (Matson and Waring 1984, Pickett 
and White 1985, Vitousek and Denslow 1986). Invading 
animals may change ecosystems because they are agents 
of disturbance (in the sense of destruction of biomass - 
Grime 1979); this effect may be particularly marked on 
oceanic islands where native plants are poorly protected 
against grazing. Moreover, the feeding habit of certain 
animals is particularly destructive - the rooting activity 
of pigs is most likely responsible for their very striking 
effects on soils and nutrient cycling (Singer et al. 1984, 
Vitousek 1986). 

Biological invasions also alter ecosystems through 
their influence on fire regimes. Exotic grasses have in- 
vaded semi-arid shrublands and woodlands in many ar- 
eas; they often produce considerably more above- 
ground litter than native species. This litter can increase 
the probability, extent, and severity of fires (Parsons 
1972, Smith 1985, Christensen and Burrows 1986, Mack 
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1986). Moreover, many of these grasses are adapted to 
rapid seeding or sprouting after fire, while native plants 
often are not; relative dominance by exotic grasses and 
the probability of subsequent fires consequently in- 
creases after each fire. 

This classification of ecosystem-level effects of in- 
vading species is tentative, and there may well be exam- 
ples of ecosystem alteration that are not encompassed 
within it. Further research on the ways in which in- 
vaders can alter ecosystems and the frequency with 
which they do so would be most useful. 

Integrating population and ecosystem ecology 
A few biological invaders can be clearly shown to have 
altered ecosystem-level properties and processes 
through their own activities. The number of examples is 
relatively small, but serious attempts to evaluate such 
effects have been few. Moreover, the lack of detailed 
background information in most sites and the coarse- 
ness of most ecosystem-level measurements make it 
difficult or impossible to detect small or subtle effects of 
biological invaders; only major changes can be identi- 
fied clearly. The fact that there are examples in which 
plant and animal invasions do alter ecosystems is up- 
ambiguous evidence that some individual species affect 
the properties of some ecosystems. 

It is perhaps better established that the properties of 
ecosystems affect population-level processes, including 
the invasibility of particular communities (Orians 1986). 
In the case of Myrica faya in Hawai'i Volcanoes Na- 
tional Park, nitrogen-limited open-canopied forests rep- 
resent the primary habitat for colonization. The pres- 
ence of trees provides perches and perhaps an alterna- 
tive food source for birds, while substantial light 
penetration to the soil surface permits rapid growth of 
Myrica. These conditions are realized in seasonal mon- 
tane forest ecosystems and volcanic-ash damaged rain- 
forest (Vitousek et al. 1987). 

More generally, biological invasions by plants are 
often concentrated in human-disturbed sites (cf. Allan 
1936, Egler 1942, Elton 1958), and it appears that many 
invaders are more successful on more fertile soils (Ger- 
rish and Mueller-Dombois 1980, Bridgewater and Back- 
shall 1981). Invasions of all kinds are more often suc- 
cessful on oceanic islands then continents (Elton 1958), 
and this is true of invasion into parks and preserves as 
well as disturbed areas (Loope and Mueller-Dombois, 
in press). 

A demonstration that individual species affect ecosys- 
tem-level properties and that ecosystem properties in 
turn affect species populations does not in and of itself 
integrate population biology and ecosystem ecology - 
but it does provide raw material for such an integration. 
Where individual species invade and alter ecosystems, 
population-level processes become ecosystem-level 
processes - and where ecosystem properties are 
changed by invasions, the basic rules of existence for all 

organisms also change. Native species could be equally 
important in controlling ecosystems, but their effects 
are often more difficult to demonstrate. The value in 
studying invading exotic species is that changes in eco- 
systems can be observed directly and manipulated ex- 
perimentally. 
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federal lands.

The Department has been actively engaged in managing invasive species for more than 30

years.Through effective coordination, the Department is utilizing limited resources, leveraging

funding, and working in strategic partnerships to maximize the protection and stewardship of

America's public lands.Addressing invasive species is a high priority for the Department.In

the President's FY 2014 Budget, the Department requested an overall increase of about $23

million for invasive species prevention, management, control and coordination. Our

collaborative efforts, partnerships and investments support President Obama's America's

Great Outdoors initiative aimed at ensuring that current and future generations have the

opportunity to enjoy safe and healthy outdoor spaces.

The environmental, economic, and social impacts of invasive species and their control or

eradication can be costly, controversial, and complex.Prevention of their introduction,

establishment, and spread is the most cost effective and least disruptive approach to

managing the threats these species pose to the nation's public trust resources.

Background

Next to habitat loss, invasive species pose the greatest threat to the nation's biodiversity and

natural resources.[1] Invasive species are defined in Executive Order 13112 (Invasive

Species, signed in February of 1999) as: an alien species whose introduction does or is likely

to cause economic or environmental harm or harm to human health.Although difficult to

measure precisely, the overall economic impacts of invasive species in the United States

were estimated to be well into the tens of billions of dollars annually.[2] Just sixteen invasive

plant species alone currently infest over 126 million acres in the 48 contiguous states.

[3]These unwanted species impact the Department's mission and purposes for which we

manage public lands and their resources in myriad ways, including the services these lands

offer, such as recreation, hydropower, water supplies, agriculture, and ranching.They also

impact ecosystem functions including pollination, water filtration, climate stability, pest control,

and erosion protection, wildfires, and other natural hazards.[4]
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Invasive species are costly to control, and in some cases they cannot be controlled once

widely established.Widespread invasive species necessitate increased use of chemical,

mechanical, and other controls which may also have environmental impacts that undermine

the health of public trust resources. Preventing the introduction, establishment, and spread of

invasive species is the best strategy. There is broad agreement among scientists and natural

resource managers that invasive species Early Detection and Rapid Response (EDRR) is

essential to natural resource protection and sustainability. When invasive species are

established and eradication is not feasible, control and management efforts are focused on

minimizing the harm these species cause to public trust resources. The Department uses the

best available scientific information to monitor and map target populations to implement a

range of complementary and environmentally effective technologies and methods to prevent

and manage invasive species.

Every bureau within the Department has a responsibility for managing invasive species. The

Bureau of Indian Affairs (BIA) and the Office of Insular Affairs support tribal and U.S. territorial

government efforts to control invasive species.The Bureau of Land Management (BLM), the

Office of Surface Mining Reclamation and Enforcement (OSMRE), Bureau of Reclamation

(BOR), the U.S. Fish and Wildlife Service (FWS), and the National Park Service (NPS) have

programs focused on management of aquatic and terrestrial invasive species that infest

water systems and lands they manage.DOI Bureaus also partner with States, tribes and the

private sector to support efforts to prevent and control invasive species. The FWS enforces

laws and regulations concerning the importation of injurious wildlife species.The U.S.

Geological Survey (USGS) conducts and supports research to assist resource managers in

the control of invasive species and restoration of impacted areas; the Bureau of Ocean

Energy Management (BOEM) and the Bureau of Safety and Environmental Enforcement

(BSEE) support research regarding invasive species on offshore oil and gas structures.

To manage invasive species impacts on the public trust resources under its purview, the

Department has forged strong partnerships with local, state, tribal, and federal agencies.The

Department addresses a wide variety of invasive species through prevention, EDRR, control

and management, restoration, research, and education and public awareness.This has
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resulted in tangible improvements in water quality, species recovery, habitat restoration, and

overall invasive species management in ecosystems.

Cooperative Invasive Species Control and Management

With limited resources, it is critically important that invasive species prevention and control

efforts be coordinated and prioritized.To address the scope and complexity of

interdepartmental coordination needs, Executive Order 13112 (Order) was issued,

establishing the National Invasive Species Council (NISC) to provide coordination, planning

and leadership for federal invasive species programs.NISC is co-chaired by the Secretaries

of the Interior, Commerce and Agriculture and includes 10 other departments and agencies.

NISC staff members are housed within the Office of the Secretary of the Interior, which also

houses the Department's invasive species coordinator. The Invasive Species Advisory

Committee, which provides advice and recommendations to NISC, comprises 30 individuals

representing a broad range of nonfederal stakeholders including scientific, conservation, and

agricultural groups; state governments; and industry organizations that are impacted by

invasive species.

As required by the Order, the Department maintains an invasive species coordinator, who

works with its Bureaus to coordinate Department-wide invasive species efforts.Through the

Non-Indigenous Aquatic Nuisance Prevention and Control Act of 1990 (as amended by the

National Invasive Species Act of 1996), the U.S. Fish and Wildlife Service co-chairs and

maintains the Aquatic Nuisance Species Task Force (ANSTF), which is co-chaired by the

National Oceanic and Atmospheric Administration (NOAA) and comprises federal and state

agency representatives.The Department also is a member agency of the Federal Interagency

Committee for the Management of Noxious and Exotic Weeds, established through a

Memorandum of Understanding signed by agency leadership in August 1994.

The rapid encroachment of invasive species continues to pose a serious threat to the health,

diversity, and productivity of the BLM-managed rangelands, forests, and riparian areas. The

BLM's Weed Management and Invasive Species Program helps contain invasive species by

working with an array of Federal, state, tribal and local partners on early detection and rapid
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response initiatives that reduce the need for larger, more expensive treatments.With a focus

on eliminating any advances by invasive and noxious weeds, BLM invasive species projects

continue to contribute toward landscape level initiatives, including habitat improvements in

priority designated Sage-Grouse areas.

To combat invasive species, the BLM draws on the knowledge and experience of staff from

its Rangeland Management; Forestry; Hazardous Fuels Reduction; Emergency Stabilization

and Rehabilitation; Soil, Water and Air; and Riparian programs. The BLM leverages internal

efforts by collaborating with partner organizations such as the Partners Against Weeds Action

Plan, Pulling Together, National Strategy for Invasive Plant Management, ANSTF and their

Western Regional Panel, and the National Invasive Species Management Plan.These groups

assist in education, prevention, inventory, and monitoring efforts while using an Integrated

Pest Management approach to control and restore areas impacted by weeds and invasive

species.The BLM is currently a partner in nearly 70 Coordinated Weed Management and

Invasive Species Management Areas across the West. The Weed Management and Invasive

Species Program is also supported by Congressional mandates for specific initiatives such as

salt cedar control; Departmental invasive programs such as the Northern Great Plains and

the Rio Grande Basin Initiatives; and BLM initiatives such as Healthy Landscapes.

The strength of these partnerships has multiplied the BLM's capacity to control invasive

species, as evidenced, by the success of the BLM's Restore New Mexico project.Since

initiating the project in 2005, BLM-New Mexico and its partners have successfully treated

nearly 2 million acres, effectively starting the landscape's transition back to healthy,

sustainable habitats.

One of BLM's greatest efforts focuses on combating invasive species in fire prone areas to

ensure that recently burned lands are restored with native species.In response to wildland

fires during the 2012 fire season, which burned 3.3 million BLM-managed acres, the agency

seeded approximately 400,000 acres with native grasses.

The BLM expects to complete a combination of weed and invasive species inventory,

treatments and restoration, and monitoring that include fuels reductions, emergency fire
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stabilization, and coordinated weed treatments with private, state and county cooperators.

National Park Service

Invasive species are transformative to native ecosystems, ecological processes, and visitor

experiences and hinder NPS's attempts to meet its goals of preserving native species and

processes.For this reason, the NPS is working to manage invasive species in parks through a

suite of national and local programs that employ the following strategies: cooperation and

collaboration, inventory and monitoring, prevention, early detection and rapid response,

treatment and control, and restoration. At the national level, NPS has established 16 Exotic

Plant Management Teams, which provide highly trained mobile assistance in invasive plant

management to parks throughout the National Park System. Invasive animals are managed

on a park by park basis in cooperation with our partners, and almost all parks have

incorporated invasive species management into long range planning goals for natural and

cultural landscapes, as well as day to day operations.For example, Lake Mead, Glen Canyon,

and Curecanti National Recreation Areas (NRA) have implemented boat inspection, cleaning,

education, and monitoring programs to prevent and control the spread of quagga and zebra

mussels in the lower Colorado River basin. Lake Mead NRA requires the inspection and

cleaning of all slipped and moored boats that are leaving the park.To date, it is the only facility

with such a requirement in place.Early detection monitoring at Glen Canyon NRA identified

quagga mussels in that park in 2013 and resulted in intensified control efforts including

physical removal of the mussels and cooperation with adjacent states. Through partnerships

with other federal, state, and local agencies and NGOs, NPS is also working to increase

public awareness of aquatic invasive species movement, specifically quagga and zebra

mussels by recreational boats.

NPS is developing the science necessary to respond to invasive species outbreaks.For

example, in partnership with the Southern Arizona Buffelgrass Coordination Center, Saguaro

National Park staff evaluated the behavior and effects of test burns of bufflegrass stands to

better understand response needs in urban environments. In a separate study, NPS staff

worked with academic partners to understand the effects of bufflegrass establishment on soil
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conditions and native species seed banks to develop effective post-bufflegrass control

strategies. NPS also uses monitoring to understand the effects of its invasive plant

treatments.

NPS staff is currently reviewinginvasive plant treatment effectiveness in 33 parks addressing

156 exotic plant species.Preliminary results suggest that: (1) a range of exotic species

spanning annual forbs to trees have been effectively treated; (2) developing effective

treatments often required extensive experimentation and balancing non-target effects; and (3)

presence of multiple exotic species complicated treatment efforts, highlighting importance of

preventing invasions.

U.S. Fish and Wildlife Service

The U.S. Fish and Wildlife Service addresses invasive species issues through statutory

authorities including the Lacey Act and the Non-Indigenous Aquatic Nuisance Prevention and

Control Act, and on National Wildlife Refuges through a variety of programs and partnerships.

The Service's Branch of Invasive Species (BAIS) leads the Service's Aquatic Nuisance

Species Program. The BAIS also conducts the regulatory activities necessary to list

organisms as injurious wildlife under the Lacey Act.The Service's National Wildlife Refuge

System addresses invasive species issues on its 545 Refuges, encompassing approximately

96 million acres of wildlife habitat.Several Service programs are involved in the Habitat

Restoration of degraded wildlife habitats included those impacted by invasive species. The

Division of Environmental Quality addresses invasive species issues through its work on

Integrated Pest Management, its work to promote the use of native plants as part of its efforts

to protect pollinators, and its work on biocontrol.As an example of the critical work of these

programs, the Service is responsible for coordinating the control of sea lamprey in the Great

Lakes, and the agency serves on the Asian Carp Regional Coordinating Committee,

providing resources and technical assistance to the Great Lakes states to monitor for the

presence of Asian carp and to prepare EDRR processes.Finally, the Service's Office of Law

Enforcement, employing wildlife inspectors at 32 major U.S. airports, ocean ports, and border

crossings, seeks to prevent the introduction of species listed as injurious wildlife through its
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wildlife inspection program.

Bureau of Reclamation and U.S. Geological Survey

The Bureau of Reclamation has developed partnerships and continues to work with other

agencies, associations, NGOs, states and tribes addressing aquatic nuisance species.For

example, BOR is working with the Colorado Division of Parks and Wildlife for fish rinsing, and

fish egg treatments to help prevent transport of quagga mussels during fish hauling.In

addition, BOR participates through the 100  Meridian, Columbia River Basin Team, other

Teams, the ANSTF, the Western Regional Panel, and other organizations.

Scientists with the U.S. Geological Survey are conducting research on invasive plants and

animals to provide critical information to develop effective management and control options.

For Asian carp, USGS researchers are working closely with private industry to

developchemical formulations for new control methods that can target specific aquatic

invasive species.

Formulations to control Asian carp and dreissenids (zebra and quagga mussels) are now

being field tested. Additionally, USGS is researching use of seismic technology to contain

Asian carp; determining the potential use of pheromones or food cues to herd Asian carp;

and developing and improving existing molecular tools to detect Asian carp in areas of low

abundance.USGS scientists are also conducting research on other high priority invasive

species such as cheatgrass, buffelgrass, Tamarisk, feral pigs and Burmese pythons. USGS

research on invasive species life history and environmental requirements, factors influencing

species invasiveness, interactions of fire regimes, and research on efficacy of invasive plant

treatment regimes all contribute to effective detection, control, and management on federal

lands.

Conclusion

The strong partnerships the Department has forged with local, state, tribal and our sister

federal agencies to protect natural resources andachieve invasive species management

goals has resulted in tangible improvements in water quality, species recovery, habitat

th
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restoration, and overall invasive species management in ecosystems. The Department of the

Interior stands ready to work with the Subcommittee toward this end, and to continue to

improve our prevention and control of invasive species.
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ABSTRACT
Building collisions, and particularly collisions with windows, are a major anthropogenic threat to birds, with rough
estimates of between 100 million and 1 billion birds killed annually in the United States. However, no current U.S.
estimates are based on systematic analysis of multiple data sources. We reviewed the published literature and
acquired unpublished datasets to systematically quantify bird–building collision mortality and species-specific
vulnerability. Based on 23 studies, we estimate that between 365 and 988 million birds (median ¼ 599 million) are
killed annually by building collisions in the U.S., with roughly 56% of mortality at low-rises, 44% at residences, and
,1% at high-rises. Based on .92,000 fatality records, and after controlling for population abundance and range
overlap with study sites, we identified several species that are disproportionately vulnerable to collisions at all building
types. In addition, several species listed as national Birds of Conservation Concern due to their declining populations
were identified to be highly vulnerable to building collisions, including Golden-winged Warbler (Vermivora
chrysoptera), Painted Bunting (Passerina ciris), Canada Warbler (Cardellina canadensis), Wood Thrush (Hylocichla
mustelina), Kentucky Warbler (Geothlypis formosa), and Worm-eating Warbler (Helmitheros vermivorum). The
identification of these five migratory species with geographic ranges limited to eastern and central North America
reflects seasonal and regional biases in the currently available building-collision data. Most sampling has occurred
during migration and in the eastern U.S. Further research across seasons and in underrepresented regions is needed to
reduce this bias. Nonetheless, we provide quantitative evidence to support the conclusion that building collisions are
second only to feral and free-ranging pet cats, which are estimated to kill roughly four times as many birds each year,
as the largest source of direct human-caused mortality for U.S. birds.

Keywords: anthropogenic mortality, Birds of Conservation Concern, individual residence, low-rise, high-rise,
systematic review, window collision

Colisiones entre aves y edificios en los Estados Unidos: Estimaciones de mortalidad anual y
vulnerabilidad de especies

RESUMEN
Colisones con edificios, en particular contra ventanas, presentan una amenaza antropogénica importante para las aves,
y se estima que causan la muerte de entre 100 millón a mil millones de aves anualmente. Sin embargo, no existen
estimaciones para los Estados Unidos que estén basadas en un análisis sistemático de datos provenientes de multiples
fuentes. Revisamos datos publicados y tambien adquirimos bases de datos inéditos para cuantificar de una manera
sistemática la mortalidad causada por colisones entre aves y edificios, y la vulnerabilidad de diferentes especies.
Basado en 23 estudios, estimamos que entre 365 y 988 millones de aves (promedio ¼ 599 millones) mueren
anualmente como consecuencia de colisiones con edificios en los Estados Unidos, con aproximadamente 56% de la
mortalidad en edificios de baja altura, 44% en residencias, y ,1% en edificios de muchos pisos. Basado en .92,000
fatalidades registradas, y luego do controlar por abundancia poblacional y solapamiento de rango con area de estudio,
identificamos varias especies que son desproporcionalmente vulnerables a colisiones con todos los tipos de edificio.
Además, varias especies listadas nacionalmente como Aves de Interés para la Conservación debido a sus poblaciones
en declive fueron identificadas como altamente vulnerables a colisiones, incluyendo Vermivora chrysoptera, Passerina
ciris, Cardellina canadensis, Hylocichla mustelina, Geothlypis formosa, y Helmitheros vermivorum. La identificación de
estas cinco especies migratorias con rangos geográficos restringidos a Norteamérica oriental y central refleja sesgos
estacionales y regionales en la disponibilidad de datos actuales disponibles de colisiones con edificios. La mayorı́a del
muestreo ha ocurrido durante la época de migración y en el este de los Estados Unidos. Hacen falta investigaciones
adicionales a través de estaciones y en regiones poco representadas par reducir este sesgo. Sin embargo, presentamos
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evidencia cuantitativa que apoya la conclusión que, como causa de mortalidad ligada derectamente a los humanos en
los Estados Unidos, las colisiones con edificios son superados solamente por los gatos mascotas libres, los cuales
matan aproximadamente cuatro veces la cantidad de aves anualmente.

Palabras clave: mortalidad antropogénica, Aves de Interés para la Conservación, residencia particular, edificio
de baja altura, edificio de muchos pisos, revisión sistemática, colisión con ventana

INTRODUCTION

Collisions between birds and man-made structures,
including communication towers, wind turbines, power
lines, and buildings, collectively result in a tremendous
amount of bird mortality. Buildings are a globally
ubiquitous obstacle to avian flight, and collisions with
buildings, especially their glass windows (Figure 1), are
thought to be a major anthropogenic threat to North
American birds (Klem 1990a, 2009, Machtans et al. 2013).
Estimates of annual mortality from building collisions
range from 100 million to 1 billion birds in the United
States (Klem 1990a, Dunn 1993) and from 16 to 42 million
birds in Canada (Machtans et al. 2013). This magnitude of
mortality would place buildings behind only free-ranging
domestic cats among sources of direct human-caused
mortality of birds (Blancher 2013, Loss et al. 2013).

Research on bird–building collisions typically occurs at
individual sites with little synthesis of data across studies.
Conclusions about correlates of mortality and the total
magnitude of mortality caused by collisions are therefore
spatially limited. Within studies, mortality rates have been
found to increase with the percentage and surface area of
buildings covered by glass (Collins and Horn 2008, Hager
et al. 2008, 2013, Klem et al. 2009, Borden et al. 2010), the
presence and height of vegetation (Klem et al. 2009,
Borden et al. 2010), and the amount of light emitted from

windows (Evans Ogden 2002, Zink and Eckles 2010). In
the most extensive building-collision study to date, per-
building mortality rates at individual residences were
higher in rural than urban areas and at residences with
bird feeders than those without feeders (Bayne et al. 2012).
However, compared with larger buildings in urban areas
(e.g., skyscrapers and low-rise buildings on office and
university campuses), detached residences appear to cause
lower overall mortality rates and relatively high amounts of
mortality during non-migratory periods (Klem 1989, Dunn
1993, O’Connell 2001, Klem et al. 2009, Borden et al. 2010,
Machtans et al. 2013).

Despite the apparently large magnitude of bird–building
collision mortality and the associated conservation threat
posed to bird populations, there currently exist no U.S.
estimates of building-collision mortality that are based on
systematic analysis of multiple data sources. The most
widely cited estimate (100 million to 1 billion fatalities per
year) was first presented as a rough figure along with
qualifications (Klem 1990a) but is now often cited as fact
(Best 2008). Assessment of species-specific vulnerability to
collisions is also critical for setting conservation priorities
and understanding population impacts; however, existing
estimates of species vulnerability are limited in spatial
scope. In the most systematic U.S. assessment of building
collisions to date, species vulnerability was calculated using
data from only three sites in eastern North America, but
vulnerability values from this limited sample were used to
conclude that building collisions have no impact on bird
populations continent-wide (Arnold and Zink 2011, but
see Schaub et al. 2011, Klem et al. 2012).

We reviewed the published literature on bird–building
collisions and also accessed numerous unpublished data-
sets from North American building-collision monitoring
programs. We extracted .92,000 fatality records—by far
the largest building collision dataset collected to date—and
(1) systematically quantified total bird collision mortality
along with uncertainty estimates by combining probability
distributions of mortality rates with estimates of numbers
of U.S. buildings and carcass-detection and scavenger-
removal rates; (2) generated estimates of mortality for
different classes of buildings (including residences 1–3
stories tall, low-rise non-residential buildings and residen-
tial buildings 4–11 stories tall, and high-rise buildings "12
stories tall); (3) conducted sensitivity analyses to identify
which model parameters contributed the greatest uncer-
tainty to our estimates; and (4) quantified species-specific

FIGURE 1. A Swainson’s Thrush killed by colliding with the
window of a low-rise office building on the Cleveland State
University campus in downtown Cleveland, Ohio. Photo credit:
Scott Loss
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vulnerability to collisions across all buildings and for each
building type.

METHODS

Literature Search
We searched Google Scholar and the Web of Science
database (using the Web of Knowledge search engine) to
locate peer-reviewed publications about bird–building
collisions. We used the search terms ‘‘bird window
collision’’ and ‘‘bird building collision’’ and both terms
with ‘‘bird’’ replaced by ‘‘avian.’’ We checked reference
lists and an annotated bibliography (Seewagen and
Sheppard 2012) to identify additional studies. Data from
collision-monitoring programs were located using a
Google search with the term ‘‘window collision monitoring
program’’ and by contacting program coordinators listed
on project websites. We cross-checked the datasets we
found with a comprehensive list of ‘‘Lights Out’’ programs
provided by C. Sheppard. Additional unpublished datasets
were located based on our knowledge of ongoing studies
presented at professional conferences or in published
abstracts. Finally, we learned of unpublished datasets when
contacting first authors of published studies; these
additional datasets were either more extensive versions
of authors’ published datasets, completely new datasets, or
in one case, a dataset from an independent citizen scientist.

Inclusion Criteria and Definition of Fatality
Different studies employed different sampling designs and
data collection protocols. To reduce this variability, to
ensure a baseline for the rigor of studies we used, and to
minimize bias in our analyses, we implemented inclusion
criteria to filter data at both the study and record levels.
Inclusion criteria were different for the analyses of total
mortality and species vulnerability. As a first step, we only
included studies for in-depth review if they were
conducted in the U.S. or Canada and provided original
data on bird–building collisions. We implemented study-
level inclusion criteria for the estimate of total mortality as
follows. We excluded studies that were based on sampling
at a single structure; these studies often focus only on
unique building types with non-representative mortality
rates (e.g., museums, convention centers, or exceptionally
tall high-rises). We included datasets that were based on
systematic carcass surveys or systematic surveys of home-
owners, but we excluded those that were based on
sampling in response to predicted building kills, incidental
observations, opportunistically sampled collections, or
undocumented methods. Because estimating per-building
mortality rates was a major component of the mortality
estimate, we also excluded studies if they did not record
numbers of buildings monitored or provide street

addresses of buildings that would have allowed us to
estimate numbers of buildings.

Because the species vulnerability analysis was based on
count proportions rather than on per-building mortality
rates, we implemented a different set of inclusion criteria
than that used for the total mortality estimate. This
resulted in the use of some studies that were excluded
from the total mortality estimate. Studies were only
included in the species analysis if they identified carcasses
to species. We excluded studies documenting fewer than
100 collision records because proportions based on small
samples are more likely to be abnormally high or low. As
with the total mortality estimate, we excluded data that
were based on incidental or opportunistic sampling or
undocumented methods. However, we did include studies
even if data were based on sampling of a single structure or
if we could not determine the number of buildings
sampled. Thus, we assume that species composition within
a site is independent of the number of buildings sampled.
The study-level inclusion criteria resulted in 23 and 26
datasets used for the total mortality and species vulnera-
bility estimates, respectively (Table 1). Seven studies were
excluded from all analyses (Table S1 in Supplemental
Material Appendix A).

Many datasets include some collision records that were
collected during standardized surveys and others found
incidentally. In addition, definitions of fatalities differ
among studies. We therefore applied inclusion criteria to
filter individual records and set our own definition of what
constitutes a fatality. The record-level inclusion criteria
were the same for all of our analyses. We excluded records
clearly denoted as incidental finds (i.e. not collected during
surveys), records with a disposition of ‘‘alive’’ or ‘‘sur-
vived,’’ and records of released birds. We also excluded
records of blood and/or feather spots on windows with no
carcass found. From the remaining records, we defined
fatalities to include any record with a disposition including
‘‘dead,’’ ‘‘collected,’’ or any disposition indicating severe
injury (e.g., ‘‘disabled,’’ ‘‘squashed,’’ ‘‘fracture,’’ or ‘‘in-
jured’’). All other records were considered to have
unknown disposition (e.g., ‘‘stunned,’’ ‘‘exhausted,’’
‘‘weak,’’ ‘‘dis-oriented,’’ or any disposition indicating a
bird was sent to rehabilitation) and were excluded from all
analyses. The record-level criteria resulted in 92,869
records that we used to generate total mortality and
species vulnerability estimates. It was not possible to
confirm whether fatalities were caused by collisions with
windows or with other non-reflective portions of build-
ings; therefore, for the purposes of this study, we treated all
records as building–collision fatalities. Nonetheless, the
majority of bird mortality at buildings likely occurs due to
collision with windows or other reflective surfaces (Klem
2009).
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Data Extraction
We classified studies into three building classes thought to
cause different mortality rates (Machtans et al. 2013) and
for which data on the number of U.S. buildings is available.
These classes include residences 1–3 stories tall (detached
houses and multi-unit residences; hereafter, ‘‘residences’’),
low-rise non-residential buildings and residential buildings
4–11 stories tall (hereafter, ‘‘low-rises’’), and high-rise
buildings "12 stories tall (hereafter, ‘‘high-rises’’). For
unpublished data from downtown areas of major cities, we
assumed that all data came from high-rises because it was
not possible to determine building height without visiting
each site. For all other data sources, we were able to
confirm the building type from which data were collected.
Published studies that met our inclusion criteria either
reported an annual mortality rate per building (averaged
across buildings) or presented both the number of dead
birds found and the number of buildings sampled, thus
allowing us to calculate this rate. For published studies, we
extracted a single annual mortality rate for each study
unless the study included data from more than one non-
adjacent site, in which case we extracted a separate rate for
each site (e.g., Klem 1979). For unpublished datasets that
included the number of buildings sampled, we always
extracted a single mortality rate. This value was generated
by first calculating a single-year per-building mortality rate
(averaged across buildings) for each year of the study and
then averaging these rates across years. In some cases, we
determined that two or more sources presented duplicate
data when we observed that the data were collected at the
same study sites and during the same range of dates. In
these instances, we extracted the data from the source that
provided more detailed methods or more extensive fatality
data, and we excluded the duplicated data when extracting
from the other source.

Data from collision-monitoring programs often include
the street address or intersection where a carcass was
found but not the number of buildings sampled. Single
buildings can have more than one address, and a single
address can include more than one building. In addition,
some monitoring programs have no systematic protocol
for recording addresses, resulting in multiple similar
entries for an address (e.g., 1 Main, 1 Main St., and 1
Main—Smith Tower). To account for these issues, we
entered addresses into Google Maps and used satellite
view to determine if addresses referred to one or more
buildings. If it was still unclear from mapping whether an
address referred to one or more buildings, we assumed it
referred to one. Likewise if we could not confirm that two
or more similar addresses referred to one building, we
assumed they were separate buildings. If addresses with
different cardinal directions were possible (e.g., 1 Main E
and 1 Main W), we assumed they referred to separate
buildings, but if they were not possible (i.e. only 1 Main

exists), we assumed data entry error and combined
addresses.

Recognizing that these methods could not account for
all duplicate addresses and data entry errors, we estimated
a minimum and maximum number of buildings sampled
in each year. We estimated a maximum number based on
the number of unique addresses remaining after following
the above steps and the assumption that intersections
referred to a number of buildings equal to the number of
carcasses found up to four (i.e. four or more carcasses may
result from collision with four separate buildings, one at
each intersection corner). We estimated a minimum
number by combining similar addresses that may have
been from one building, even if we could not confirm this
with mapping, and assuming that all intersections referred
to one building. We used the average of the minimum and
maximum number to estimate per-building mortality
rates.

Quantification of Annual Mortality from Building
Collisions
The studies we used cover varying portions of the year, but
most focus all or most of sampling effort on migration
periods. Using raw per-building mortality rates would
therefore result in a national estimate that is only relevant
to spring and fall migration periods. We sought to account
for partial-year sampling and to generate estimates that
reflected the entire year, because several studies have
indicated that building collision mortality can be substan-
tial during summer and winter (Dunn 1993, Klem 2009,
Bayne et al. 2012, Hager et al. 2013). Given enough year-
round studies, partial-year mortality rates can be stan-
dardized to year-round estimates using year-round studies
as a baseline (Longcore et al. 2012, Loss et al. 2013).
However, there were few year-round studies that met
inclusion criteria (Table 1), so we could not adjust
individual studies to year-round estimates. Instead, we
accounted for this limitation in our estimation model
(details below) by only using a year-round study for
residences, repeating estimation using a subset of studies
that sampled year-round for low-rises, or incorporating a
correction factor to account for mortality during periods
other than migration for high-rises, a building type for
which little data exists for summer and winter (see
definition of and rationale for this correction factor in
Supplemental Material Appendix B). Despite the limitation
of applying a post hoc correction factor to the high-rise
estimate, we argue that this approach is preferable to
assuming that no mortality occurs during the summer and
winter.

We estimated mortality in each building class by
multiplying data-derived probability distributions of per-
building mortality rates by distributions of numbers of
buildings. For residences, we followed Machtans et al.
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(2013), which based mortality rates on the only year-round
building collision survey to date that sampled across a
large number of residences, a study of 1,458 Alberta
residents in single and multi-unit residences (Bayne et al.
2012). This study documented higher mortality rates at
rural residences compared with urban residences and at
residences with bird feeders compared with those without
feeders. The study also documented increasing mortality
with increasing age of urban residences. We incorporated
these elements into our residence sub-model:

Mortalityrural with feederðMRFÞ
¼ Nresidence 3R3 F 3Krural with feeder 3Dresidence

ð1Þ

Mortalityrural no feederðMRNFÞ
¼ Nresidence 3R3ð1 % FÞ3Krural no feeder 3Dresidence

ð2Þ

Mortalityurban with feederðMUFÞ
¼ NresidenceðageÞ3ð1 % RÞ3 F 3Kurban with feederðageÞ

3Dresidence

ð3Þ

Mortalityurban no feederðMUNFÞ
¼ NresidenceðageÞ3ð1 % RÞ3ð1 % FÞ

3Kurban no feederðageÞ3Dresidence

ð4Þ

MortalityresidencesðMRÞ
¼ MRF þ MRNF þ MUF þ MUNF

ð5Þ

where N is the number of residences in the U.S., R is the
percentage of residences in rural areas, F is the percentage
of residences with bird feeders, K is the annual per-
building mortality rate, and D is a correction factor to
account for two biases that lead to underestimation of
mortality (Hager et al. 2013): removal of carcasses by
scavengers prior to fatality surveys and imperfect detection
of the carcasses remaining at the time of surveys. For
Equations (3) and (4), we calculated mortality by building
age classes (0–8, 9–18, and 19–28 years, and all ages "29
years), and summed estimates across age classes. These age
classes correspond closely to those in Machtans et al.
(2013), but we shifted classes slightly (e.g., 9–18 years
instead of 10–20 years) to match housing age data from
the U.S. Census Bureau.

For low-rises, we generated two separate estimates of
collision mortality, one using mortality rates based on all
eight studies meeting our inclusion criteria and one based
only on four year-round studies. We used the following
sub-model for both estimates:

Mortalitylow-riseðMLÞ ¼ Nlow-rise 3Klow-rise 3Dlow-rise ð6Þ

For high-rises, there are no datasets based on year-round
systematic sampling. We incorporated a correction factor
(Y) into the mortality estimation sub-model to account for
additional fatalities occurring outside of migration periods:

Mortalityhigh-riseðMHÞ ¼ Nhigh-rise 3Khigh-rise 3Y

3Dhigh-rise ð7Þ

We estimated total annual building collision mortality by
summing estimates for individual building classes; we
conducted estimation twice, once using each of the low-
rise estimates:

Mortalitytotal ¼ MR þ ML þ MH ð8Þ

All of the above parameters were treated as probability
distributions. From the probability distribution of each
parameter (see Table 2 for specific distributions, Supple-
mental Material Appendix B for rationale for all distribu-
tions, and Table S2 in Supplemental Material Appendix C
for numbers of buildings), we randomly drew one value
and used the above formulas. We used ‘‘runif’’ and
‘‘rnbinom’’ commands (for uniform and negative binomial
distributions, respectively) in Program R and conducted
10,000 iterations to generate a range of estimate uncer-
tainty.

Sensitivity Analysis
We used multiple linear regression analyses assuming a
normal error distribution (function ‘‘lm’’ in Program R) to
investigate the percentage of uncertainty in mortality
estimate ranges explained by each model parameter
(Blancher 2013, Loss et al. 2013). We treated the 10,000
mortality-estimate replicates as the values of the depen-
dent variable and randomly drawn values of each
parameter as values of predictor variables. We used partial
R2 values to interpret the percentage of variance in the
estimate range explained by each parameter. We repeated
this regression analysis four times: once for the total
mortality estimate (including all parameters) and once for
each of the three building class estimates (with each
regression model only including the parameters relevant to
that building class).

Quantification of Species Vulnerability
In addition to estimating total annual mortality, we
calculated vulnerability for species and taxonomic groups.
We followed Arnold and Zink (2011), who identified
‘‘super-collider’’ and ‘‘super-avoider’’ species using colli-
sion records from three unpublished datasets. We greatly
expanded upon the earlier study by using 26 datasets from
across North America (Table 1). All analyses described
below were conducted across all datasets to estimate
overall building collision vulnerability, as well as separately
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for each building class to estimate class-specific vulnera-

bility. As described previously, we only included datasets

with more than 100 records for the overall vulnerability

analysis. However, because there were only two datasets

for residences that had more than 100 records, we also

included two smaller datasets to calculate collision

vulnerability for this building class.

Numbers of fatalities can vary among species due to

population abundance and the degree of range overlap

with study locations (Arnold and Zink 2011). To account

for population abundance, we extracted national popula-

tion size estimates from the Partners in Flight Population

Estimates Database (Rich et al. 2004), which includes

North American population estimates generated using

U.S. Breeding Bird Survey data (Sauer et al. 2012). We

used North American abundance rather than regional

abundance because it is difficult to link study sites where

mortality occurs to the affected regional subsets of bird

populations, especially for species that are killed primarily

during migration (Loss et al. 2012). To account for range

overlap with study sites, we counted the number of sites

overlapping with each species’ breeding, wintering, and/or

migration range (Sibley 2000). We followed Arnold and

Zink’s (2011) approach for calculating species vulnerabil-

ity. To give each site equal weighting, we first standard-

ized each dataset to 36,000, the largest single-site total

TABLE 2. Probability distributions used to estimate total annual U.S. mortality from bird–building collisions. We defined uniform
distributions for most parameters because not enough data exist to ascribe higher probability to particular values in the defined
range. We defined negative binomial distributions for the low-rise and high-rise mortality rate distributions because they allowed
the majority of probability density to match the confidence intervals indicated by the data while also allowing for a small probability
of higher collision mortality rates, reflecting the exceptionally high mortality rates that have been documented at some low-rises
and high-rises (see mortality rates in Table 1).

Parameter
Distribution

type Distribution parameters Source

Residences (1–3 stories)
Number of residences Uniform Varies by age (Supplemental

Material Appendix C)
U.S. Census Bureau 2011

Percentage in urban areas Uniform Min ¼ 72.6%; Max ¼ 88.8% U.S. Census Bureau 2012
Percentage with bird feeders Uniform Min ¼ 15%; Max ¼ 25% Dunn 1993
Mortality rate

Rural with feeders (all ages) Uniform Min ¼ 2.17; Min ¼ 4.03 Bayne et al. 2012, Machtans et al. 2013
Rural without feeders (all ages) Uniform Min ¼ 0.98; Max ¼ 1.82 Bayne et al. 2012, Machtans et al. 2013
Urban with feeders

Age 0–8 Uniform Min ¼ 0.28; Max ¼ 0.52 Bayne et al. 2012, Machtans et al. 2013
Age 9–18 Uniform Min ¼ 0.42; Max ¼ 0.78 Bayne et al. 2012, Machtans et al. 2013
Age 19–28 Uniform Min ¼ 0.56; Max ¼ 1.04 Bayne et al. 2012, Machtans et al. 2013
Age 29þ Uniform Min ¼ 0.63; Max ¼ 1.17 Bayne et al. 2012, Machtans et al. 2013

Rural without feeders
Age 0–8 Uniform Min ¼ 0.11; Max ¼ 0.20 Bayne et al. 2012, Machtans et al. 2013
Age 9–18 Uniform Min ¼ 0.18; Max ¼ 0.33 Bayne et al. 2012, Machtans et al. 2013
Age 19–28 Uniform Min ¼ 0.25; Max ¼ 0.46 Bayne et al. 2012, Machtans et al. 2013
Age 29þ Uniform Min ¼ 0.28; Max ¼ 0.52 Bayne et al. 2012, Machtans et al. 2013

Scavenging/detectability correction Uniform Min ¼ 2; Max ¼ 4 Dunn 1993
Low-rises

Number of low-rises Uniform Min ¼ 14.0 million;
Max ¼ 16.2 million

Multiple sources (see Supplemental
Material Appendix C)

Mortality rate (all studies) Neg. bin. n ¼ 4.6; p ¼ 0.35 95% of distribution prob. density ¼ 4–18a

Mortality rate (year-round studies) Neg. bin. n ¼ 5.1; p ¼ 0.26 95% of distribution prob. density ¼ 5–28b

Scavenging/detectability correction Uniform Min ¼ 1.28; Max ¼ 2.56 Hager et al. 2012, 2013
High-rises

Number of high-rises Uniform Min ¼ 19,854; Max ¼ 21,944 Sky Scraper Source Media 2013
Mortality rate Neg. bin. n ¼ 4.0; p ¼ 0.37 70% of distribution prob. density ¼ 4–11b

Partial-year sampling correction Uniform Min ¼ 1.05; Max ¼ 1.20 Additional 5–20% mortality outside
of migration

Scavenging/detectability correction Uniform Min ¼ 1.37; Max ¼ 5.19 Ward et al. 2006, Hager 2012, 2013

a Range represents 95% confidence interval of mortality rates calculated across all eight studies of low-rises meeting inclusion
criteria.

b Range represents 95% confidence interval of mortality rates calculated from four year-round studies of low-rises meeting inclusion
criteria.

c Range represents 95% confidence interval of mortality rates calculated from 11 studies of tall buildings meeting inclusion criteria.
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number of fatalities, and then summed standardized
counts across studies for each species. We regressed
log10(Xþ 1) species counts (X þ 1 transformation to
account for zero counts for some species at some sites)
on log10 population size and log10 range overlap.
Vulnerability was estimated by fixing coefficients for
population size and range overlap to 1.0 (this assumes
that, for example, a 10-fold increase in abundance is
associated with a 10-fold increase in collision mortality,
all else being equal; Arnold and Zink 2011), calculating
residuals, and raising 10 to the power of the absolute
value of residuals. This approach of fixing model
coefficients was taken because there was an unknown
level of error in both the dependent and independent
variables and, therefore, standard regression models could
not produce unbiased slope estimates (Warton et al.
2006, Arnold and Zink 2011). Calculated vulnerability
values indicate the factor by which a species has a greater
chance (positive residuals) or smaller chance (negative
residuals) of experiencing building collision mortality

compared with a species with average vulnerability. We
estimated vulnerability for taxonomic groups by averag-
ing residuals across species occurring in at least two
studies.

RESULTS

Estimates of Bird–Building Collision Mortality
The 95% confidence interval of annual bird mortality at
residences was estimated to be between 159 and 378
million (median ¼ 253 million) (Figure 2A and Table 3)
after correcting for scavenger removal and imperfect
detection. This equates to a median annual mortality rate
of 2.1 birds per building (95% CI¼ 1.3–3.1). Reflecting the
large number of residences in urban areas and residences
without bird feeders, we estimate that urban residences
without feeders cumulatively account for 33% of mortality
at residences, followed by rural residences without feeders
(31%), urban residences with feeders (19%), and rural
residences with feeders (17%).

FIGURE 2. Frequency histograms for estimates of annual U.S. bird mortality caused by collisions with (A) residences 1–3 stories tall,
(B) low-rises (residences 4–11 stories tall and all non-residential buildings ' 11 stories tall), (C) high-rises (all buildings "12 stories
tall), and (D) all buildings. Estimates for low-rises and for all buildings are based on the average of two estimates: one calculated with
all eight low-rise studies meeting inclusion criteria and one calculated with a subset of four low-rise studies that conducted year-
round sampling.
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The 95% confidence interval of annual low-rise mortal-
ity based on all studies meeting inclusion criteria was
estimated to be between 62 and 664 million birds (median
¼ 246 million). The 95% confidence interval based on the
four year-round low-rise studies was estimated to be
between 115 million and 1.0 billion birds (median ¼ 409
million). The average of the two median figures is 339
million (95% CI ¼ 136–715 million) (Figure 2B), equating
to a median annual rate of 21.7 birds per building (95% CI
¼ 5.9–55).

The 95% confidence interval of high-rise mortality was
estimated to be between 104,000 and 1.6 million birds
(median ¼ 508,000) (Table 3 and Figure 2C) after
correcting for scavenger removal, imperfect carcass
detection, and mortality during periods other than
migration. Despite causing the lowest total mortality,
high-rises had the highest median annual mortality rate:
24.3 birds per building (95% CI ¼ 5–76). Combining
estimates from all building classes (using the average of the
two low-rise estimates) results in an estimate of 599
million birds killed annually across all U.S. buildings (95%
C.I. ¼ 365–988 million) (Figure 2D).

Factors Explaining Estimate Uncertainty
Due to the large number of low-rises and uncertainty
about low-rise mortality rates, sensitivity analyses indicat-
ed that the low-rise mortality rate explained a large
amount of uncertainty for the estimates of both low-rise
mortality (85%) and total mortality (75%). Other param-
eters explaining substantial uncertainty for the total
estimate included the correction factors for scavenger
removal and carcass detection at low-rises (10%) and
residences (9%). For residences, 70% of uncertainty was
explained by the correction factor for scavenging and
detection and 15% was explained by the proportion of
residences in urban areas. For the high-rise estimate, the
greatest uncertainty was explained by the mortality rate

(67%), followed by the correction factor for scavenging and
detection (25%).

Species Vulnerability to Building Collisions
Of 92,869 records used for analysis, the species most
commonly reported as building kills (collectively repre-
senting 35% of all records) were White-throated Sparrow
(Zonotrichia albicollis), Dark-eyed Junco (Junco hyemalis),
Ovenbird (Seiurus aurocapilla), and Song Sparrow (Melo-
spiza melodia). However, as expected, there was a highly
significant correlation between fatality counts and popu-
lation size (r ¼ 0.53, P , 0.001, df ¼213) and between
counts and range overlap with study sites (r ¼ 0.25, P ,
0.001, df ¼ 223). After accounting for these factors,
estimated vulnerability across all buildings was highly
variable, ranging from 1,066 times more likely to collide
than average to 273 times less likely to collide than average
(high vulnerability species in Table 4; all values in Tables
S3–S6 in Supplemental Material Appendix D).

Several species exhibit disproportionately high vulner-
ability to collisions regardless of building type, including
Ruby-throated Hummingbird (Archilochus colubris),
Brown Creeper (Certhia americana), Ovenbird, Yellow-
bellied Sapsucker (Sphyrapicus varius), Gray Catbird
(Dumetella carolinensis), and Black-and-white Warbler
(Mniotilta varia). Seven species that are disproportionately
vulnerable to building collisions are national Birds of
Conservation Concern and 10 are listed regionally (Table
4; U.S. Fish and Wildlife Service 2008). Species in the
former group include Golden-winged Warbler (Vermivora
chrysoptera) and Canada Warbler (Cardellina canadensis)
at low-rises, high-rises, and overall, Painted Bunting
(Passerina ciris) at low-rises and overall, Kentucky Warbler
(Geothlypis formosa) at low-rises and high-rises, Worm-
eating Warbler (Helmitheros vermivorum) at high-rises,
and Wood Thrush (Hylocichla mustelina) at residences.
For species with vulnerability indices calculated from a

TABLE 3. Estimates of annual bird mortality caused by building collisions at U.S buildings. For low-rises (and therefore, for the total
mortality estimate), we generated two separate estimates of collision mortality, one using mortality rates based on all eight low-rise
studies meeting our inclusion criteria and one based on a subset of four low-rise studies that sampled mortality year-round.

Building class Mean no. of buildings in U.S.

Point estimate 95% CI

Total Per building Total Per building

Residences (1–3 stories) 122.9 million 253.2 million 2.1 159.1–378.1 million 1.3–3.1
Low-rises 15.1 million 245.5 milliona 16.3a 62.2–664.4 milliona 4.1–44.0a

409.4 millionb 27.1b 114.7–1,028.6 millionb 7.6–68.1b

High-rises 20,900 508,000 24.3 104,000–1.6 million 5.0–76.6
Total 138.0 million 507.6 milliona 3.7a 280.6–933.6 milliona 2.0–6.8a

667.1 millionb 4.8b 349.9–1,296 millionb 2.5–9.4b

a Estimate based on low-rise estimate using all eight studies meeting inclusion criteria.
b Estimate based on low-rise estimate using subset of four year-round studies meeting inclusion criteria.
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relatively small sample of studies (e.g., those noted with a
superscript in Table 4), vulnerability indices may be biased.
For example, the exceptionally high vulnerability value for
Anna’s Hummingbird (Calypte anna) likely results from
this species occurring in only two studies and experiencing
exceptionally high mortality in one of these studies.

Vulnerability estimates for taxonomic groups are inTable
5. Several high-risk bird groups are represented in our
dataset by only one or two species (e.g., grebes, shorebirds,
kingfishers, and gulls and terns); average risk values for
these groups may not represent the entire taxonomic
family. Other taxa, particularly the hummingbirds and
swifts and the warblers, appear especially vulnerable to
building collisions, with more than one species ranking in
the overall high-vulnerability list. In particular, warblers
experience disproportionately high collision risk, with 10
species ranking among the 25 most vulnerable species
overall and 12 and 14 species ranking among the 25 most
vulnerable species for low-rises and high-rises, respectively.
Taxonomic groups with particularly low collision risk
include ducks and geese, swallows, herons, upland game
birds, and blackbirds, meadowlarks, and orioles.

DISCUSSION

Comparison of Mortality Estimate to Previous
Estimates
Our estimate of 365–988 million birds killed annually by
building collisions is within the often-cited range of 100
million to 1 billion (Klem 1990a). Other estimates are
either outdated (3.5 million, Banks 1979) or are simply a
mid-point of the above range (550 million, Erickson et al.
2005). Our larger estimate of low-rise mortality based only
on year-round studies suggests that total annual building
collision mortality could exceed one billion birds, as
suggested by Klem (2009). Using the year-round low-rise
estimate results in an annual mortality estimate of up to
1.3 billion birds. Regardless of which figure is interpreted,
our results support the conclusion that building collision
mortality is one of the top sources of direct anthropogenic
mortality of birds in the U.S. Among other national
estimates that are data-driven and systematically derived,
only predation by free-ranging domestic cats is estimated
to cause a greater amount of mortality (Loss et al. 2013). A
similar ranking has been made for anthropogenic threats
in Canada (Blancher et al. 2013, Machtans et al. 2013).
Major sources of direct anthropogenic bird mortality
currently lacking systematically derived estimates include
collisions with automobiles and other vehicles, collisions
and electrocution at power lines, and poisoning caused by
agricultural chemicals, lead, and other toxins. Additional
systematic quantification of mortality is needed to allow
rigorous comparisons among all mortality sources.

A general pattern across and within building classes is
that a large proportion of all mortality occurs at structures
that kill small numbers of birds on a per-building basis but
collectively constitute a high percentage of all buildings
(e.g., residences compared to low-rises and high-rises;
urban compared to rural residences; residences without
feeders compared to those with feeders). This finding
suggests that achieving a large overall reduction in
mortality will require mitigation measures to be applied
across a large number of structures (e.g., urban residenc-
es). Our conclusion about the relative importance of
residences for causing U.S. mortality is similar to that
made for Canada by Machtans et al. (2013). This similarity
arises because residences are estimated to comprise a
similar proportion of all buildings in both countries (87.5%
in the U.S and 95.3% in Canada). Even assuming the low-
end mortality estimate for residences (159 million), total

TABLE 5. Average vulnerability of bird groups to building
collisions across all building types. Risk values indicate the factor
by which a species has a greater chance (for positive residuals)
or a smaller chance (for negative residuals) of mortality
compared with a species with average risk.

Group Residual Risk

Hummingbirds and swifts 1.52 33.2
Grebes 1.04 11.0
Shorebirds 0.68 4.7
Kingfishersa 0.56 3.6
Waxwings 0.55 3.6
Warblers 0.54 3.4
Gulls and ternsa 0.52 3.3
Nuthatches, tits, and creeper 0.50 3.1
Cuckoos 0.46 2.9
Mimic thrushes 0.41 2.6
Diurnal raptors 0.40 2.5
Cardinaline finches 0.36 2.3
Kinglets 0.36 2.3
Thrushes 0.25 1.8
Cardueline finches 0.23 1.7
Nightjars 0.16 1.4
Woodpeckers 0.15 1.4
Owls 0.10 1.3
Doves and pigeons 0.08 1.2
Sparrows 0.08 1.2
House Sparrowa % 0.15 1.4
Wrens % 0.20 1.6
Coots and rails % 0.24 1.7
Flycatchers % 0.41 2.6
Vireos % 0.55 3.6
Starlinga % 0.56 3.6
Corvids % 0.61 4.1
Blackbirds, meadowlarks, and orioles % 0.64 4.4
Upland game birds % 0.77 5.9
Herons % 1.05 11.3
Swallows % 1.07 11.6
Ducks and geese % 1.25 17.9
Gnatcatchersa % 1.68 48.1

a Values based on data from a single species.
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mortality at high-rises would have to be 100 times greater
than our high-end estimate for that building class (1.6
million) for the two building classes to cause equivalent
mortality. On a per-building basis, if each residence killed
one bird per year, each high-rise would have to kill .5,800
birds per year to cause equivalent mortality. No evidence
exists that high-rises kill this large number of birds.

The species composition of window collision mortality
also differs by building class. While the high risk group for
individual residences includes several non-migratory
resident species—including Downy Woodpecker (Picoides
pubescens), Black-capped Chickadee (Poecile atricapillus),
and Northern Cardinal (Cardinalis cardinalis)—nearly all
high-risk species for low-rise and high-rise buildings are
migratory. Compared with resident species, migratory
species traverse longer distances, use a greater diversity
of habitat types, and encounter more building types and
total buildings during the annual cycle. Additionally,
migratory species are attracted to large lighted buildings
during their nocturnal migration; this attraction causes a
large amount of mortality at low-rises and high-rises as
birds either immediately collide with lighted buildings or
become entrapped before later dying of collision or
exhaustion (Evans Ogden 1996). The greater representa-
tion of resident species in the high-risk group for
residences may be due to the propensity for many of
these species to congregate at bird feeders, a behavior that
may place them at a greater risk of colliding with windows
(Dunn 1993, Klem et al. 2004, Bayne et al. 2012).

Despite the critical importance of reducing mortality at
residences, mitigation measures targeted at a relatively
small number of buildings with high per-building mortal-
ity rates (e.g., some high-rises and low-rises) will likely
result in large per-building reductions in mortality and
therefore may represent a cost-efficient starting point for
reducing mortality. The mortality proportions that we
attribute to different residence types are similar to those
estimated by Machtans et al. (2013). This result arises from
both the previous study and ours basing analysis on Bayne
et al. (2012), a Canadian study that provides a reasonable
approximation of U.S. mortality rates as evidenced by rates
documented in U.S. studies (Dunn 1993, Weiss and Horn
2008, Bracey 2011).

Species Vulnerability to Building Collisions
Our vulnerability analysis indicates that several species
experience a disproportionately high risk of building
collision mortality. Of particular concern within the list
of high-risk species (Table 4) are those identified as
national Birds of Conservation Concern (species likely to
become candidates for listing under the U.S. Endangered
Species Act without further action based on population
trends, threats to populations, distribution, abundance,
and relative density; U.S. Fish and Wildlife Service 2008).

For species that are vulnerable to collisions at more than
one building class or overall, including Golden-winged
Warbler, Painted Bunting, Kentucky Warbler, and Canada
Warbler, building collision mortality appears substantial
and may contribute to or exacerbate population declines.
For species identified as highly vulnerable to collision for
one building class but not across building types (Wood
Thrush at residences, Worm-eating Warbler at high-rises),
building collisions may still represent a threat. However,
risk rankings for these species are more likely to be inflated
by high mortality rates at a few sites, and further research
is required to clarify the degree to which populations of
these species are threatened by collision mortality.

Inferences about population impacts of a mortality
source should ideally be based on incorporating mortality
estimates into demographic models (Loss et al. 2012) or
comparing estimates to population abundance (Longcore
et al. 2013). Data limitations preclude intensive population
modeling of building collision impacts. Sampling bias
toward densely populated areas east of the Mississippi
River, and therefore toward certain bird species, prevented
us from estimating species-specific annual mortality. We
initially attempted to apply average species proportions to
the overall mortality estimate following Longcore et al.
(2013), but this method returned unrealistically high
estimates for species that comprised a high percentage of
counts in many studies (e.g., 140% of the total population
of Ovenbirds estimated to be killed each year by building
collisions). Our vulnerability estimates controlled for
abundance and range overlap with study sites and
therefore provide a less biased approximation of species-
specific collision risk.

Our vulnerability analysis expanded upon the analysis of
Arnold and Zink (2011), which was based on three sites in
the northeastern U.S. and adjacent Canada. Nonetheless,
we documented some of the same vulnerable species,
including Brown Creeper, Black-throated Blue Warbler
(Setophaga caerulescens), and Swamp Sparrow (Melospiza
georgiana), and similar high- and low-risk taxonomic
groups (e.g., warblers and swallows, respectively). As in the
previous study, the vast majority of highly vulnerable
species were long-distance migrants. Unlike the previous
study, we did not assess whether population trends were
correlated with building collision vulnerability. This
approach has received criticism (Schaub et al. 2011, Klem
et al. 2012) and shifts focus away from identifying which
individual species of conservation concern face a high risk
of colliding with buildings.

Research Needs and Protocol Improvements
Sensitivity analyses indicated that more research of
mortality rates at low-rises will contribute greatly to
improving mortality estimates. Future research should
sample a variety of low-rise types, including residential,
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commercial, and industrial buildings. Research at low-rises
has occurred mostly at buildings that are known to cause
large numbers of fatalities (e.g., office or university campus
buildings with many windows and/or near favorable bird
habitat). Random selection of buildings for monitoring (for
all building classes) allows for less-biased conclusions
about local mortality rates and more reliable extension of
results within study areas and across regions. Mortality
data specific to different low-rise building types will allow
improvement upon the current approach of assuming that
all low-rise buildings have similar mortality rates. Because
we based our low-rise estimate on the number of U.S.
‘‘establishments,’’ and because the relationship between
numbers of establishments and numbers of buildings is
unknown, we suggest that improved data be collected and
made available for the number of U.S. low-rise buildings.
Non-residential low-rises are not currently included in
assessments by the U.S. Census Bureau.

Sensitivity analyses also indicate that mortality estimates
will benefit from quantification of searcher efficiency and
scavenger removal rates. Recent research has resulted in
major advancements in understanding these biases,
including studies that estimate carcass detection and/or
scavenger removal rates (Collins and Horn 2008, Hager et
al. 2012, 2013) or apply methods to simultaneously
account for both biases (Bracey 2011, Etterson 2013). In
the future, studies should account for these biases when
possible and investigate how these rates are affected by size
and species of carcasses, abundance and community
composition of scavengers, and characteristics of vegeta-
tion and habitat near buildings.

A large portion of the unpublished data we used were
collected by volunteer-led collision-monitoring programs
in major cities. These citizen-science programs have
contributed greatly to the understanding of bird–building
collisions; however, standardization of data collection and
recording procedures is necessary to make these data more
comparable across programs and across years within
programs. As a first step, all monitoring programs should
record sampling effort, including (1) a record of all surveys
conducted, even those with zero fatalities found; (2) the
number of person-hours of sampling in every survey; (3)
the number of buildings and building facades sampled; (4)
street addresses of buildings (with attention to avoiding
multiple addresses referring to one building and clarifying
when one address includes .1 building); and (5) separate
records of fatalities found during surveys on official routes
and those found incidentally outside of survey periods
and/or off of routes. This information will allow increased
comparability of data among regions, improved under-
standing of seasonal and regional mortality patterns, and
reduced bias in estimates of per-building mortality rates
and overall mortality. Combining effort-corrected mortal-
ity data with information about buildings (e.g., height in

stories and meters; orientation and area of building
facades; glass area, type, extent, and reflectivity; vegetation
presence, type, density, and height; and amount of light
emitted), will allow identification of mortality rate
correlates, prediction of mortality rates from building
characteristics, and implementation of techniques to
reduce mortality. Monitoring programs could also expand
to incorporate sampling at multiple building types,
including individual residences and additional types of
low-rises and high-rises. A national reporting system and
database for bird mortality data would facilitate standard-
ization of data collection for building collisions and other
mortality sources (Loss et al. 2012). Until this type of
comprehensive system is developed and launched, window
collision monitoring programs can use simple user-defined
data entry portals that will increase standardization of data
recording, formatting, and compilation (see example at
https://docs.google.com/spreadsheet/viewform?usp¼
drive_web&formkey¼dDA1dDVTSVUzS1NfX0NxWm
ZxTEctbHc6MQ#gid¼0), and therefore benefit research
that synthesizes multiple datasets.

Model Limitations
Because data collection methods varied greatly among
studies, we could not account for all differences among the
datasets we synthesized. How this limitation influenced
our estimates is unclear. Nonetheless, our inclusion criteria
removed studies that lacked a systematic component to
sampling, and we accounted for partial-year sampling by
either estimating mortality using only year-round studies
or applying correction factors to mortality estimates. We
also accounted for sample size differences when estimating
species vulnerability. However, the data we analyzed
overrepresented the eastern U.S. and underrepresented
the Great Plains, Interior West, and West Coast. Because of
this data limitation, the mortality rate distributions that we
applied to all U.S. buildings were primarily based on data
from the eastern U.S. This could have biased our estimates
if mortality rates in the West differ consistently from those
documented in the East; however, the lack of western data
prevents conclusions about such regional variation. In
addition, our species vulnerability estimates do not cover
species with a large proportion of their range in the West.
Further research of bird–building collisions in areas west
of the Mississippi River is needed to document whether
per-building mortality rates differ consistently from those
in well-studied regions of the east and to assess building
collision vulnerabilities for western bird species. Our
mortality estimates are limited by the assumption that all
non-residential establishments listed by the U.S. Census
Bureau are ' 11 stories tall and that all buildings sampled
by monitoring programs in major downtown areas are
.12 stories tall. These assumptions were unavoidable
because U.S. low-rise building data are not available and
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building height information was not recorded in most
studies.

Our mortality estimates may be conservative because
data from buildings that cause exceptionally high annual
rates of collision were removed from our analysis before
extending average rates to the scale of the entire U.S.
Hundreds to greater than one thousand birds per year have
been found at intensively monitored buildings in or near
areas with a high concentration of birds during migration
(e.g., Taylor and Kershner 1986, M. Mesure and D. Willard
personal communication). Other factors that may have
contributed to underestimation include crippling bias (e.g.,
an uncertain percentage of birds fly away from sampling
areas before dying) and sub-lethal effects that may
influence social interactions and migration behavior even
if not causing eventual death (Klem 1990b). Further
research to quantify crippling bias and sub-lethal effects
is crucial for continued improvement in the accuracy of
mortality and species vulnerability estimates.

Finally, we were unable to quantify seasonal patterns of
mortality due to a limited sample of studies that surveyed
throughout the year. Additionally, several studies employed
varying sampling effort across seasons and did not record
effort data that could be used to account for this variation.
Among records meeting our inclusion criteria, 60.0% were
found during fall migration (August–November) and 37.0%
were found during spring migration (March–May). These
figures are likely inflated relative to non-migratory periods
because most studies sampled only during spring and fall.
Despite varying sampling effort among seasons, mortality
during fall migration appears to be consistently greater than
during spring migration; this pattern was seen in most of
the datasets and could be related to larger populations of
birds in the fall due to presence of young-of-the-year birds.
Notably, several studies have indicated substantial building
collision mortality during periods outside of migration,
including in winter at individual residences (Dunn 1993,
Klem 2009) and in summer at low-rise buildings (Bayne et
al. 2012, Hager et al. 2013). Our methods accounted for
partial-year sampling by either using only year-round
studies (for residences and low-rises) or applying a
correction factor that assumed additional mortality during
summer and winter (for high-rises, a building type for which
little data exists for non-migration periods). Species
vulnerability estimates were also likely to be influenced by
seasonal sampling biases, with in-transit migratory species
likely overrepresented compared with summer and winter
residents. Additional year-round studies are needed at all
building types to clarify how mortality rates and species
composition of fatalities vary by season.

Conclusions
As human populations and numbers of buildings increase
in the U.S. and globally, actions to reduce bird mortality

from building collisions will be necessary at all types of
buildings. For residences, mitigation techniques could
include reducing vegetation near windows, angling win-
dows to reduce reflection, and installing netting, closely
spaced decals, or UV light-reflecting glass (Klem et al.
2004, Klem 2006, 2009). For low-rises and high-rises,
mortality can be reduced by minimizing light emission at
night (Evans Ogden 1996, 2002) and incorporating bird
friendly design elements into new and existing buildings
(e.g., Brown and Caputo 2007, Sheppard 2011). A long-
term approach to reducing mortality is the continued
adaptation of Green Building certification standards to
include bird collision risks (Klem 2009).

We provide quantitative evidence of the large amount of
bird mortality caused by building collisions in the U.S. Our
estimates represent roughly 2–9% of all North American
birds based on a rough estimate of 10–20 billion total birds
in North America (U.S. Fish and Wildlife Service 2002).
However, because our results illustrate that not all species
are equally vulnerable to building collisions, and because
considerable uncertainty remains regarding species-spe-
cific mortality and population abundance, the actual
impacts of collisions on population abundance are
uncertain. Despite this uncertainty, our analysis indicates
that building collisions are among the top anthropogenic
threats to birds and, furthermore, that the several bird
species that are disproportionately vulnerable to building
collisions may be experiencing significant population
impacts from this anthropogenic threat.
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Hunter, E. E. Iñigo-Elias, J. A. Kennedy, et al. (2004). Partners in
Flight North American Landbird Conservation Plan. Cornell
Lab of Ornithology, Ithaca, NY, USA.

Sauer, J. R., J. E. Hines, J. E. Fallon, K. L. Pardieck, D. J. Ziolkowski,
Jr., and W. A. Link (2012). The North American Breeding Bird
Survey, Results and Analysis 1966–2011. Version 07.03.2013.
USGS Patuxent Wildlife Research Center, Laurel, MD, USA.
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MIGRATORY FLIGHT ALTITUDE

While factors regulating the heights at which birds migrate are not clear,
there are many obvious reasons why flying at higher altitudes may be
advantageous.  High-altitude flight may be used to locate familiar land-
marks, fly over fog or clouds, surmount physical barriers, gain advantage
of a following wind, or maintain a better thermoregulatory balance.

In general, estimates of bird heights based on direct observation are quite
unreliable except under special conditions.  A Eurasian Sparrowhawk
could be distinguished at 800 feet but disappeared from sight at 2,800 feet.
A Rook (a European member of the crow family) could be recognized at
1,000 feet but disappeared from sight at 3,300 feet.  An interesting experi-
ment with an inflated model of a vulture painted black with a wing span of
7 feet 10 inches illustrated similar limitations. When released from an air-
plane at 4,700 feet, it was barely visible and invisible without binoculars at
5,800 feet.  At 7,000 feet it was not picked up even when 12 power binocu-
lars were used.  Radar studies have demonstrated more accurately than
human vision that 95 percent of the migratory movements occur at less
than 10,000 feet, the bulk of the movements occurring under 3,000 feet.

Yet birds do fly at higher altitudes.  Bird flight at 20,000 feet, where less
than half the oxygen is present than at sea level, is impressive if only
because the work is achieved by living muscle tissue.  A Himalayan moun-
tain climber at 16,000 feet was rather amazed when a flock of geese flew
northward about two miles over his head honking as they went. At 20,000
feet a man has a hard time talking while running, but those geese were
probably flying at 27,000 feet and even calling while they traveled at this
tremendous height.  Numerous other observations have come from the
Himalayas.  Observers at 14,000 feet recorded storks and cranes flying so
high that they could be seen only through field glasses.  In the same area
large vultures were seen soaring at 25,000 feet and an eagle carcass was
found at 26,000 feet.  The expedition to Mt. Everest in 1952 found skele-
tons of a Northern Pintail and a Black-tailed Godwit at 16,400 feet on
Khumbu Glacier.  Bar-headed Geese have been observed flying over
the highest peaks (29,000+ feet) even though a 10,000-foot pass was near-
by.  Probably at least 30 species regularly cross these high passes.  Other
accurate records on altitude of migratory flights are scanty, although
altimeter observations from airplanes and radar are becoming more fre-
quent in the literature.  For example, a Mallard was struck by a commer-
cial airliner at 21,000 feet over the Nevada desert.  Radar observations
have revealed that birds on long-distance flights fly at higher altitudes
than short-distance migrants.  It has been hypothesized that advantageous
tail winds of greater velocity are found higher up and that the cooler air
minimizes the demand for evaporative water loss to regulate body temper-
ature under the exertion of flight.  Radar studies also have shown that noc-

30
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turnal migrants fly at different altitudes at different times during the
night. Birds generally take off shortly after sundown and rapidly gain max-
imum altitude.  This peak is maintained until around midnight, then the
travelers gradually descend until daylight.  Thus, there is considerable
variation, but for most small birds the favored altitude appears to be
between 500 and 1,000 feet.  Some nocturnal migrants (probably shore-
birds) fly over the ocean at 15,000 or even 20,000 feet.  Nocturnal migrants
also fly slightly higher than diurnal migrants.  Observations made from
lighthouses and other vantage points indicate that certain migrants com-
monly travel at altitudes of a very few feet to a few hundred feet above sea
or land.  Sandpipers, Red-necked Phalaropes, and various sea ducks have
been seen flying so low they were visible only as they topped a wave.
Observers stationed at lighthouses and lightships off the English coast
have similarly recorded the passage of landbirds flying just above the sur-
face of the water and rarely rising above 200 feet over the waves.
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In an annual ritual observed for millennia, hundreds of millions of birds arrive each spring in Canada to choose their breeding
grounds, only to return to warmer climes in autumn. Covering return flight distances of up to 25,000 kilometres, migratory
birds make a truly extraordinary effort.

Only in this century, and therefore suddenly in evolutionary time-scales, have migrating birds faced collisions with artificial
obstacles along their flight paths: buildings and other towering structures covered in glass and lit at night. In the dark, and
especially in foggy or rainy weather, the combination of glass and light becomes deadly. Confused by artificial lights, blinded
by weather, and unable to see glass, birds by the hundreds and even thousands can be injured or killed in one night at one 
building. Over 100 different species of birds have collided with buildings in Toronto alone. One expert estimates that across
North America, up to 100 million birds die in collisions each year. Many species that collide frequently are known to be in
long-term decline and some are already designated officially as threatened. 

For these reasons, World Wildlife Fund Canada (WWF) and the Fatal Light Awareness Program (FLAP) have formed a new
partnership, and jointly published Collision Course: The Hazards of Lighted Structures and Windows to Migrating Birds. Formed in
1993, FLAP continues a 30-year tradition in Toronto of rescuing birds trapped in the city’s downtown core following late-
night collisions with tall buildings: in the wee hours of the morning, volunteers scour plazas and sidewalks beneath skyscrap-
ers for dead, injured or disoriented birds, and later release the survivors back to the wild. WWF, dedicated to wildlife conser-
vation in both the temperate and tropical worlds, seeks to identify emerging issues and advocate practical solutions for the
long-term protection of wildlife at risk.

Compared to habitat loss, pollution, and over-hunting, the issue of building collisions is neither well-known nor adequately
understood. Yet across North America, more birds die from collisions each year than succumbed to the Exxon Valdez oil spill.
As author Lesley J. Evans Ogden points out in Collision Course, bird collisions is a continent-wide issue affecting millions of
birds. Her research experience with migratory species, combined with a commitment to conservation, show us what lessons
can be learned and applied. In principal, it is delightfully simple to prevent collisions: by night, turn out the lights; by day,
make windows visible to birds. In practice, solutions require commitment and action from building owners, managers and
tenants in the short-run, and new approaches to office environments by architects, engineers and designers in the long-run.

Responding to the call to action in Collision Course, FLAP and WWF will campaign to make Toronto the first “bird-friendly”
city in North America. Royal Bank of Canada, which generously sponsored publication of Collision Course, is leading the reform
of building management practices in Toronto, with the goal of minimizing escaped light at night and thus bird 
collisions at the Royal Bank Plaza office towers. When we consider that a bird flying north from the Gulf of Mexico to eastern
Canada stands a 70 percent chance of encountering at least one urban area, it is clear that other buildings and other cities must
take up the challenge, too. Those who do will find Collision Course their starting point.

Steven Price Michael Mesure

Director, International Program Founding Member

World Wildlife Fund Canada Fatal Light Awareness Program

Toronto, Canada September, 1996
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The collision of migrating birds with human-built structures and windows is a

world-wide problem that results in the mortality of millions of birds each year

in North America alone. Birds killed or injured at such structures are due to

two main factors. The first of these is the lighting of structures at night, which

“traps” many species of nocturnal migrants. The second factor contributing to

the hazard is the presence of windows, which birds in flight either cannot de-

tect, or misinterpret. In combination, these two factors result in a high level of

direct anthropogenic (human-caused) mortality. Bird mortality at human-built

structures receives relatively little public attention, but structural hazards are

actually responsible for more bird kills than higher profile catastrophes such as

oil spills. The purpose of this report is to summarize what is currently known

about migratory bird collisions, to investigate the seriousness of the threat, to

present data on migratory bird mortality in central Toronto, and finally to

make preliminary recommendations on how to help eliminate the problem.

A large proportion of migrating birds affected by human-built structures are

songbirds, apparently because of their propensity to migrate at night, their low

flight altitudes, and their tendency to be trapped and disoriented by 

artificial light, making them vulnerable to collision with obstructions. In many

species of songbirds known to be undergoing population declines, extra anthro-

pogenic mortality may be an important conservation issue.

A group of volunteers known as the Fatal Light Awareness Program (FLAP)

have been collecting birds killed and injured by nocturnal collisions during mi-

gration seasons in the downtown district of Toronto since 1993. FLAP has

recorded an average annual total of 1,818 birds adversely affected by artificial

light, and an average annual mortality rate of 732 birds. These figures are mini-

mum estimates only, since collection does not occur every day and only a small

portion of central Toronto is searched. During 1993-95, 100 different species

were recorded by FLAP. This phenomenon is not an isolated one, with bird kills
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Executive summary

The collision of migrating birds with human-built structures and windows is a world-wide
problem that results in the mortality of millions of birds each year in North America alone.
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reported at various types of structures across North America and worldwide. A

single tall building in Chicago checked daily during migration seasons has

caused an average of 1,478 bird deaths annually, and over a period of 14 consec-

utive years, the cumulative kill amounted to 20,697 birds.

Further research is necessary to clearly determine why nocturnal migrants are

trapped by sources of artificial light. However, birds rely heavily on vision 

during nocturnal migration and artificial lights apparently interfere with their

ability to see the landscape clearly.

With respect to tall office buildings, the obvious solution to migratory bird

mortality from collisions is to turn out the lights at night during migration

seasons. Where lights are required at structures for the safety of air or marine

traffic, the use of flashing white lights (rather than continuous light, red light, 

or rotating beams) will reduce the danger to migrating birds. There is no evi-

dence that coloured lights are more effective than white lights at reducing the

degree of threat to birds. With respect to windows, the only effective way to

prevent bird strikes is to make the glass more visible from the outside with the

use of external window coverings. Modifications to make panes of glass tinted

and non-reflective, or to incorporate non-reflective interference zones, are 

additional possibilities.

Migration exposes birds to many natural hazards, but the degree of anthro-

pogenic mortality incurred at artificial obstacles, in concert with other fac-

tors such as degradation of breeding, stopover, and wintering habitats, neces-

sitate serious consideration of this world-wide problem and the initiation of

effective solutions.

Execut iv e  summary    3

The obvious solution to migratory bird mortality from collisions is to 
turn out lights at night during migration seasons.



Human-built structures have been recognized as a hazard to
birds for more than a century (Cooke, 1888; Kumlien,
1888). However, the accelerated rate of urban development
in recent years has seen the proliferation of radio and televi-
sion towers, office buildings, power lines, cooling towers,
emission stacks, and residential housing, all of which repre-
sent an increasing threat to flying birds. The major factors
contributing to the perilous nature of human-built struc-
tures are: (1) the presence of artificial lights at night; and
(2) the presence of windows, which are potentially haz-

ardous both day and night. Power lines
pose both an electrocution and collision
hazard to birds, particularly to raptors, but
this issue has been widely studied (e.g.
Bevanger, 1994) and will not be dealt with
in this report. 

Birds migrating at night are strongly at-
tracted to, or at least trapped by, sources of
artificial light, particularly during periods
of inclement weather (e.g. Verheijen, 1958,
1985). Approaching the lights of light-
houses, floodlit obstacles, ceilometers (light
beams generally used at airports to deter-
mine the altitude of cloud cover), communi-
cation towers, or lighted tall buildings, they become vulnera-
ble to collisions with the structures themselves. If collision is
avoided, birds are still at risk of death or injury. Once inside a
beam of light, birds are reluctant to fly out of the lighted area
into the dark (Graber, 1968), and often continue to flap
around in the beam of light until they drop to the ground
with exhaustion (Weir, 1976, and references therein). A sec-
ondary threat resulting from their aggregation at lighted struc-
tures is their increased vulnerability to predation (e.g.
Stoddard and Norris, 1967; this study). The difficulty of find-

ing food once trapped in an urban environment may present an
additional threat.

Windows are the second major factor rendering structures
potentially lethal to birds. Available evidence suggests that
windows are not visible to birds (e.g. Klem, 1989), and thus
the presence of either reflective or clear plate glass in the
flight path of a bird causes death or injury due to impact at
high velocity. Windows represent not only a day-time colli-
sion hazard for birds, but are the medium through which
light is transmitted at night from office towers and other

buildings. Window invisibility and light
thus compound the potential danger of
night-time collisions. 

Resident bird species living alongside
humans face a constant threat from human-
built structures, and it has been suggested
that while rare, some individuals may actu-
ally learn to avoid such threats through ex-
perience (Klem, 1989). Migrating birds,
however, face such risks wherever human-
built structures occur along their migratory
flight path, and are likely more vulnerable
than resident birds to collisions and poten-
tially fatal disorientation. The entrapment

of nocturnally migrating birds by areas of artificial light
sources is a particularly serious problem, and light is proba-
bly the single most important factor in rendering a structure
a potent killer to such species (K. P. Able, personal commu-
nication). The unnatural threat of human-built structures to
such migrants, with reference to both nocturnal and diurnal
hazards, constitutes the focus of this paper. 

To understand the threat posed by human-built structures
to migrating birds, it is necessary to first understand some
basic concepts about migration.
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Introduction to the problem

Birds migrating at night are trapped by sources of artificial light and 
become vulnerable to collisions with lit structures.
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Migratory bird mortality result-

ing from collisions with buildings

p r o bab l y  o c c u r s  i n  e v e r y  ma j o r

c i ty  throughout  North  Ameri ca .

The presence of urban areas along the routes of migrating birds

in flight can be imagined in the following way: If the east-

west width of all Canadian and American cities over 100,000

in population is projected onto one line (i.e. a single imaginary

“horizon” from a bird’s-eye view), then the aggregate width of

these large urban areas is equivalent to 41 percent of the total

ea s t -we s t  wid th  o f  Nor th  Amer i ca  mea sur ed  f r om  i t s  mo s t  

easterly and westerly points (see figure 1 inside).
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Moore, 1989). Nocturnal migration may also reduce the risk
of predation for small birds. Categories of night-time and
day-time migrants are not necessarily mutually exclusive at
either the species or population level (Martin, 1990), with
some individuals migrating at different times than others. 

Physiological preparation for migration is crucial for an in-
dividual’s survival through a period of extreme physical exer-
tion, particularly for long-distance migrants that make non-
stop flights. Prior to migration, birds spend considerable
time gorging to build up fat reserves (e.g. Alerstam, 1994).
Fat deposits are stored subcutaneously and in the body cavity
(Meier and Fivizzani, 1980). Deposits of fat, a highly concen-
trated and lightweight form of energy, allow birds to fly for
long periods of time without having to stop to “refuel.”
Different species use different physiological migration strate-
gies. Some species store small fat reserves and migrate in
short stages. Others, particularly those species that must tra-
verse inhospitable terrain such as deserts or open ocean, store
large fat reserves. To compensate for the weight of additional
fat, some species also build up their flight muscles prior to
migration (Bibby and Green, 1981). 

Entrapment in urban areas during migration has poten-
tially dangerous physiological consequences for migrants.
Migrants lose weight quickly during migration (Alerstam,
1994, p. 286), and may continue to lose weight during the
first several days at a stopover site before regaining their fat
reserves (e.g. Rappole and Warner, 1976). Therefore, trapped

birds which avoid collision but remain within the concentra-
tion of buildings are potentially at risk of starvation from lack
of resources such as seeds and insects. This lack of food may
be an important secondary cause of mortality for exhausted
migrants trapped in a sterile environment. 

Migration altitude is an important causal component af-
fecting the likelihood of mortality at human-built structures.
Heights of migration vary enormously, depending on species,
location, geographic feature, season, time of day and weather
conditions (Cooper and Ritchie, 1995). Birds have been

Bird migration is a world-wide phenomenon. During migra-
tion, some 50 million birds passing over the coast of the
southern United States can be seen on radar screens over the
course of a few hours (Gauthreaux, 1994). In southern
Ontario, a long-term study of migration over the Toronto area
found that southbound migration traffic rates in autumn are
highly variable, ranging from zero to almost 30,000 birds per
kilometre of migration front per hour (Richardson, 1982). 

Migration in North America is mainly south to north dur-
ing spring, and north to south during fall, as birds make their
way to their breeding and wintering grounds, respectively. In
North America, peak migration occurs between March and
May in spring, and between August and October in autumn
(Weir, 1976). Migration distances vary widely, with some
species or populations traveling relatively short distances, and
others migrating from nearly pole to pole (Alerstam, 1994).
Some birds make a series of short flights, while others fly huge
distances without stopping. For example, certain populations
of the northern wheatear (Oenanthe oenanthe) make non-stop 24-
hour journeys across the Atlantic Ocean (Martin, 1990),
whereas species such as the Swainson’s thrush (Catharus ustula-
tus) apparently adopt a “feed-by-day, fly-by-night” strategy,
making numerous stop-overs en route (Winker et al., 1992).
Migration behaviour is thus highly variable.

Physiology and feeding behaviour probably determine
whether a particular species migrates by day or by night
(Alerstam, 1994; Kerlinger and Moore, 1989). Birds able to

feed on the wing, such as swallows and swifts, may travel by
day and feed while migrating. Songbirds (order
Passeriformes) require daylight in order to forage for food,
and largely migrate at night (Weir, 1976; Alerstam, 1994).
Waterfowl can feed by either day or night, and thus their mi-
gration occurs at either time. With respect to physiology,
cooler temperatures and less turbulent air at night may also
suggest why many birds are nocturnal migrants, since day-
time temperatures can cause overheating and enormous loss of
body water through evaporative cooling (Kerlinger and

Migration

In North America, peak migration occurs between March and May in spring, 

and between August and October in autumn. Some birds make a 

series of short flights, while others fly huge distances without stopping.
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recorded migrating at heights up to 9,000 metres above sea
level (just over the Himalayas) (Berthold, 1993). There are
many gaps in our knowledge of migration altitude, particu-
larly for nocturnal migrants. However, some generalizations
can be made based on what we know thus far: 

(1) nocturnal migrants migrate at higher altitudes than 
diurnal  migrants;

(2) very low migration close to the Earth’s surface is almost 
completely non-existent at night;

(3) in head winds, birds withdraw to lower altitudes with 
lower wind velocities;

(4) lower altitudes are used over mainland and small bodies of 
water than during transoceanic migrations;

(5) marshes, lowlands, etc. are usually crossed at relatively 
high altitudes, whereas migrants often cross mountainous 
regions at relatively low height, sometimes using 
mountain passes;

(6) faster flyers may prefer higher altitudes than do slower 
species (Berthold, 1993: p. 82, and references therein);

(7) in North America, birds migrate at higher altitudes in 
fall than in spring (Richardson, personal communication;
Cooper and Ritchie, 1995). 

Radar, infrared, and visual observations have provided
much useful information on the altitudinal distribution of
species groups (e.g. Able, 1970; Cooper and Ritchie, 1995;

Liechti and Bruderer, 1995). In general, swans, geese, ducks
and cranes fly at higher levels than do raptors, shorebirds and
songbirds (Cooper and Ritchie, 1995). Cooper and Ritchie’s
study (1995), which combined radar and visual observations
to study both diurnal and nocturnal flight, was able to deter-
mine flight altitudes for individual species flying during the
day. Identifying flight altitudes for individual species at night
has thus far proved difficult. However, a new technology 
using audio equipment to identify species-specific flight calls
during migration is currently being developed, which may 
allow future research in this area (Bill Evans, personal 
communication). 

While obtaining species-specific data has proven elusive,
radar studies on nocturnal bird migration have provided rela-
tively consistent results on flight altitude for migrants (Able,
1970; Gauthreaux, 1968; Eastwood and Rider, 1965). Cooper
and Ritchie (1995) indicated that a large proportion of birds
tracked by radar (98 percent in spring and 77 percent in fall)
flew at heights below 500 metres above ground level (agl).
Several other studies also report that nocturnal migration
usually occurs below 500 metres agl (e.g. Bellrose, 1971;
Bruderer and Steidinger, 1972; Gauthreaux 1972, 1978,
1991). Others found flight altitudes extending over a broader
altitudinal range below approximately 2,000 metres agl (e.g
Able, 1970; Eastwood and Rider 1965; Nisbet 1963;
Richardson 1971a,b, 1972). Research indicates that after
take-off, small birds climb rapidly to their migrating alti-
tude. Maximum numbers of birds in flight and maximum
migration altitudes are achieved around midnight. (Lowery
and Newman, 1966; Richardson, 1971b; Bruderer et al.,
1995). While general ranges of migrational altitude have
been defined, a high degree of geographic variability in flight
altitudes cautions that site-specific studies are necessary to as-
sess the impact of tall structures at particular locations
(Cooper and Ritchie, 1995).

Despite the variability in migration altitudes, songbirds
have been consistently identified as a group of species flying
at relatively low levels (e.g. ibid; Able, 1970). This makes
these species particularly vulnerable to mortality at human-

built structures from collisions or from secondary causes such
as exhaustion, predation, starvation and dehydration. The low
flight altitudes of migratory songbirds are reflected in the
high incidence of their representation amongst the kills re-
ported in the literature (e.g. this study).

Weather conditions have a pronounced effect on the mor-
tality of migrating birds at human-built structures. While
significantly fewer birds are aloft in conditions of rain or
snow (e.g. Gauthreaux 1977; Alerstam, 1978; Zalakevicius
1984; Richardson, personal communication), significantly
greater numbers of kills at human-built structures occur 
on nights of overcast or inclement weather conditions (e.g.

Trapped birds which avoid collision are potentially at risk of starvation in 

downtown areas where resources such as seeds and insects are scarce.



limited validity for waterfowl and shorebirds, there is much
overlap among flyways, and most species use more than one
flyway during migration. The term flyway is occasionally ap-
plied to other groups of birds, including songbirds. However,
at least in continental areas, the application of such an idea is
misleading, since songbird migration overland occurs along a
broad front with little evidence of concentration along partic-
ular routes (J. Richardson, personal communication). During
spring and fall migration, birds migrate to and from geo-
graphically diverse locations, and thus the visual perception
of “highways of birds” is probably neither a useful nor a valid
concept. The idea of a flyway for land birds is only appropri-
ate in special geographic situations, such as along the narrow
parts of Central America and Mexico. 

This is not to say that all locations are
equally hazardous for migrating
birds. Structures located at key points
along migratory routes may represent
a greater hazard than those in other
locations. For example, cities or struc-
tures located along the shores of the
Great Lakes and along the Florida and
Louisiana coasts, where birds congre-
gate before or after crossing a large
expanse of water, constitute a particu-
larly dangerous threat (e.g. Dunn and

Nol, 1980, and references therein). Toronto, located on the
northern shore of Lake Ontario, is presumably a hazard to
birds setting out over the lake in fall and reaching land after
crossing the lake in spring (this study). In Chicago, located
on the southern shore of Lake Michigan, mass bird mortality
during migration is also a serious problem (Willard, per-
sonal communication). While certain locations thus repre-
sent more critical migration danger zones, bird migration is
a continent-wide and world-wide phenomenon, and all hu-
man-erected structures pose a potential threat to birds. All
forms of urban development should therefore take this issue
into consideration.
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Kemper, 1964; Aldrich et al., 1966; Verheijen, 1981). 
Precipitation and cloud cover therefore clearly do not sup-
press migration altogether. In fact, many studies indicate that
some birds migrate even in heavy overcast conditions, with
little or no detectable disorientation, since most of these 
migrants fly either below or above the cloud cover (Able,
1982; Richardson, 1990, and references therein). However,
those individuals flying within the cloud are often less well
oriented, particularly when unfavourable weather conditions
last several days (Able, 1982). In general, “overcast is 
unfavourable for migration, no doubt partly because it 
reduces the number of cues available for orientation”
(Richardson, 1990).

The higher incidence of birds killed and injured at human-

built structures in unfavourable
weather conditions probably results
from the combination of two factors:
(1) the reduced number of navigational
cues available; and (2) the lower alti-
tude of individuals flying below the
cloud cover. Both factors appear to
make them more vulnerable to fatal
disorientation and collision with
sources of artificial light. The largest
kills appear to occur when birds take
off in favourable weather conditions
but later encounter stormy weather, which forces them down
to the ground or to lower altitudes (e.g. Herbert, 1970).
While weather is an important influence on the overall num-
bers of fatalities at human-built structures, mortality occurs to
some degree under all weather conditions, necessitating the
adoption of preventative measures implemented consistently
throughout the migration seasons. 

A popular but perhaps misunderstood notion holds that
bird migration occurs in a concentrated manner along specific
routes, called “flyways.” The concept of the migratory flyway
was introduced by F. C. Lincoln in the 1930s, and used
mainly with reference to waterfowl (e.g. Lincoln, 1935; Ens et
al., 1994). While the idea of flyways may indeed have some

Songbirds have been consistently indentified as a group of species flying at relatively low levels.

This makes them particularly vulnerable to mortality at human-built structures.

The wood thrush is one of the ten most frequently 

killed species in Toronto’s downtown core.
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Various interested individuals have been collecting dead or 
injured migrating birds at the base of downtown Toronto
buildings at least as early as the 1960s, and some 40 of
Toronto’s buildings are reported to be responsible for bird
deaths (Whelan, 1976). FLAP, the Fatal Light Awareness 
Program, is a volunteer organization founded in April 1993 by
a group of individuals concerned about the large numbers of
migrating birds killed or injured by collisions with city build-
ings in the downtown core of Toronto during spring and fall
migration. The group began collecting, identifying and
recording their findings in 1993, and rescuing, rehabilitating
and releasing as many birds as possible. The purpose of this
case study is to illustrate the relative magnitude of the prob-
lem of bird mortality during migration in a large urban centre.

Migratory bird collisions 
in Toronto

It is important to point out that the
mandate of FLAP volunteers is primar-
ily to capture uninjured birds trapped
in the city centre and transport them
to be released in a more natural set-
ting. A secondary goal is to increase
the chance of survival for injured birds
by transporting them to wildlife rehabilitation centres. An ad-
ditional FLAP goal is to increase public awareness about the
problem of lit buildings during the migration season and to
encourage building tenants and owners to turn off lights at
night. Given their mandate for rescue, FLAP’s information on
the total numbers of birds and species composition was there-
fore not collected as part of a scientific study, and collection
did not employ a strict scientific protocol using consistent
time of day, duration, effort, and collection routes. 

During the migration season (in spring, from early April to
early June; in autumn, from mid-August to mid-November), a
group of volunteers from FLAP search the downtown core of

Toronto. This district is an area of numerous tall office build-
ings, many of which are faced entirely with glass. The bound-
aries of the area searched by FLAP are Front Street to the south,
Yonge Street to the east, Richmond Street to the north, and
John Street to the west (see Figure 2), an area of approximately
0.7 square kilometres and comprising approximately 40 sky-
scrapers and numerous small buildings (see Figure 3). A central
core area consisting of buildings known as the Toronto-
Dominion Centre, Royal Bank Plaza, Commerce Court, BCE
Place and First Canadian Place, is checked regularly, with more
distant buildings checked less frequently when collisions in the
core have been few. Collectors search only the most easily acces-
sible sides of buildings, since some sides of some buildings are
difficult to reach. (Above-ground ledges are thought to harbour

injured or dead birds, but these are not
normally searched.)

Volunteers begin their search in
the early hours of the morning, usually
between 3:00 a.m. and 9:30 a.m., but
searching sometimes begins as early as
11:00 p.m. if the weather is ominous,
and on these nights collection may con-
tinue into late morning or early after-
noon. The time spent collecting varies
widely, usually from 30 minutes to

three hours. Volunteer availability determines whether or not
collection takes place on any given day, and thus collection is
not possible every day. Volunteers record information concern-
ing species and location on paper or with the use of a hand-held
tape recorder. Birds are captured by hand or with the aid of a
hand-held net. Volunteers occasionally administer
Dexamethasone to injured birds to reduce brain swelling.
Uninjured birds are individually housed in paper bags and re-
leased away from the city, injured birds are taken to wildlife re-
habilitation centres, and dead birds are donated to scientific in-
stitutions (M. Mesure, personal communication). As outlined
above, collection methods employed by FLAP volunteers are in

Flap  –  Toronto  ca s e  s tudy    9

FLAP – Toronto case study

Rescued birds that are uninjured or have recovered are 

released in natural areas far from buildings.
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FLAP, the Fatal Light Awareness Program, is a volunteer organization founded in 

April 1993 by a group of individuals concerned about the large numbers of migrating birds

killed or injured by collisions with city buildings in the downtown core of Toronto.
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Figure 2
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Figure 3

Looking north from the Toronto waterfront, this oblique view of the downtown 

skyline shows the maze of buildings which may confront migrating birds.

A bird’s eye view of Toronto’s downtown core
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no way standardized or consistent. The numbers given there-
fore provide a rough estimate only, since FLAP does not have
the human resources to fully search the entire area and all sides
of buildings. The nature of the collection precludes any com-
parison between individual buildings or the effects of architec-
tural design. However, the data collected at least provide a
minimum estimate of the degree of mortality incurred and the
types of bird species affected at night by Toronto’s tall lighted
buildings during the migration season.

Predation also suggests that the number of birds recorded
by FLAP indeed represents a minimum. By dawn, gulls (espe-
cially ring-billed gulls, Larus delawarensis) are scavenging
Toronto’s downtown core. The search area must therefore be
examined before dawn in order to minimize competition with
these marauding gulls for access to the dead and injured

birds. FLAP’s President, Michael
Mesure, describes the gulls as appear-
ing to follow particular scavenging
routes around Toronto buildings, ap-
parently a behaviour learned in re-
sponse to the discovery of a reliable
food source during migration. Klem
(1981) stated that avian predators are
unlikely to be capable of learning to
use windows as tools to capture their
prey, since the predators themselves
can collide with the windows around which they hunt.
However, gulls observed by FLAP members not only prey on
the dead birds, but apparently have learned to scare injured or
disoriented birds towards windows, apparently causing colli-
sions that stun or kill the individual, allowing its easy re-
trieval. Mesure has also observed that an increased number of
gulls appears to be present on nights of particularly heavy mi-
gration. While FLAP volunteers reduce the number of birds
taken by predatory gulls, the gulls may capture the majority
of birds, acting as an efficient “clean-up crew,” and thus re-

move most of the evidence of mass bird kills. The counting of
gulls in various sectors of the city during migration seasons
may in fact be a future method by which FLAP could assess
the geographical extent of bird mortality within Toronto (E.
Dunn, personal communication). In addition to gulls (the
main predators in the Toronto study), predation by raccoons,
feral cats, and rats also occurs to a lesser extent.

1993-1995 data

Table 1 illustrates the total number of deaths and the total
number of birds collected (including those killed, injured,
caught and sighted), thus giving approximate minimum and
maximum numbers of birds affected by the lights of tall
structures in Toronto during nocturnal migration in spring

and fall. The significant increase in
numbers during autumn in compari-
son with spring presumably reflects
the increased number of juvenile birds
in the population following the breed-
ing season, similar to the findings of
other authors (e.g. Klem, 1989).
Factors such as the use of different mi-
gration routes in spring and fall, and
seasonal differences in the speed of
migration may also be involved (e.g.

Avise and Crawford, 1981). The level of mortality that would
occur without FLAP’s intervention would be somewhat
higher than the figure reported here, since approximately 25
percent of the injured birds die or are euthanized at wildlife
rehabilitation centres. Many of the injured birds that survive
and are later released would not do so without human inter-
vention. In addition, the actual survival rate of birds released
following successful rehabilitation is unknown, since these in-
dividuals are not banded. The possibility exists that some  in-
dividuals may be left with permanent brain damage due to
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Volunteers from FLAP begin their search for injured birds in the early hours 
of the morning, usually between 3:00 a.m. and 9:30 a.m. 

Birds are captured by hand or with the aid of a hand-held net.

About one-half of all birds rescued by FLAP

can be released away from buildings.
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Table 1: Numbers of birds found near tall Toronto buildings during migration (1993-95)1

Spring Fall Annual Totals
April – May August – November

Year deaths total2 deaths total2 deaths total2

1993 301 666 305 639 606 1305

1994 350 972 578 1296 928 2268

1995 250 907 414 974 664 1881

Average 300 848 432 970 733 1818

Total 901 2545 1297 2909 2198 5454

1Data collected in Toronto by FLAP members. Number of collection days: 101, 124, 116 for 1993, 1994, and 1995 respectively.
2Total number of birds recorded as dead, injured, captured, escaped and sighted.

Table 2: Ten most frequent species found near tall Toronto buildings during migration (1993-1995)1

Spring Fall Overall

Rank of Species Individuals2 % of total Species Individuals2 % of total Species Individuals2 % of total
Abundance (2545)3 (2909)3 (5454)3

1 White-throated sparrow 707 27.8 White-throated sparrow 425 14.6 White-throated sparrow 1132 20.8

2 Ovenbird 504 19.8 Ovenbird 399 13.7 Ovenbird 903 16.6

3 Brown creeper 181 7.1 Common yellowthroat 265 9.1 Common yellowthroat 378 6.9

4 Common yellowthroat 113 4.4 Magnolia warbler 166 5.7 Brown creeper 237 4.3

5 Hermit thrush 97 3.8 Hermit thrush 133 4.6 Hermit thrush 230 4.2

6 Dark-eyed junko 88 3.5 Black-throated blue warbler 90 3.1 Magnolia warbler 203 3.7

7 Wood thrush 52 2.0 Black-and-white warbler 90 3.1 Black-throated blue warbler 132 2.4

8 Magnolia warbler 37 1.4 American redstart 68 2.3 Dark-eyed junco 128 2.3

9 Yellow-bellied sapsucker 37 1.4 Brown creeper 56 1.9 Black and white warbler 124 2.3

10 Black-and-white warbler 34 1.3 Song sparrow 49 1.7 American redstart 85 1.6

1Data collected in Toronto by FLAP members. Number of collection days: 101, 124, 116 for 1993, 1994, and 1995 respectively.
2Total number of birds recorded as dead, injured, captured, escaped and sighted.
3Percent of total number of individuals found, including unidentified birds.



the impact of collision, which may interfere with a variety of
crucial skills or behaviours, among them the ability to navi-
gate successfully during migration. 

Table 2 depicts the 10 most abundant species collected. Of
the 100 species recorded by FLAP, several species stand out as
being highly abundant. White-throated sparrows (Zonotrichia
albicollis) and ovenbirds (Seirus aurocapillus) are the most nu-
merous species in spring, comprising 28 percent and 20 per-
cent of the total, respectively. White-throated sparrows and
ovenbirds are also the two most common species in fall, com-
prising 15 percent and 14 percent, respectively. These two
species frequently rank the highest in other reports of bird
mortality at human-built structures (Klem, 1989; D.E.
Willard, unpublished data). 

FLAP’s data on species composition were also compared
to data compiled by the Toronto Ornithological Club (TOC)
during 1993-95 (Fairfield, 1993, 1994, 1995). The TOC 
collected data from several observers who made daily visual
and auditory counts of migrating birds at 11 study areas in
Metropolitan Toronto. For the May 1 to June 5 period, the
species composition of the two studies differed markedly.
Ovenbirds, for example, comprise 64 percent of the warblers
in the FLAP data, but only six percent of those in the TOC

data. Similarly, common yellowthroats (Geothlypis trichas)
comprise 14 percent of the FLAP data but only three percent
of the TOC data. Conversely, yellow-rumped warblers
(Dendroica coronata) comprise 12 percent of the TOC sample,
and only 0.4 percent of the FLAP data. The TOC species
composition data is affected by visibility, since some species
are more conspicuous than others, and thus comparison be-
tween TOC and FLAP data is a relatively crude one.
However, the observed trends suggest that the propensity
for certain species to be over-represented in collision deaths
is not simply a factor of their relative abundance in the com-
position of migration traffic. Rather, their nocturnal attrac-
tion to lighted buildings would appear to be due to some
species-specific behaviour that makes them more vulnerable
than other species to light entrapment. 

Similar to other reports of migration mortality at human-
built structures, certain sub-families of birds are also more
prevalent than others (see Table 3). The largest proportion of
species overall belong to the warbler (Parulinae) sub-family
(41 percent). Next most common are sparrows (Emberizinae),
which comprise 32 percent of the total overall. Thrushes
(Turdinae) and brown creepers (Certhiidae: Certhia americana)
are also highly represented. The apparent proclivity of certain
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Table 3: Ranking of abundance of birds found near tall Toronto buildings during migration (1993-1995),

categorized by sub-family1

Spring Fall Overall

Rank of Sub-family Individuals2 % of total Sub-family Individuals2 % of total Sub-family Individuals2 % of total
Abundance (2545)3 (2909)3 (5454)3

1 Sparrow 1065 41.8 Warbler 1438 49.4 Warbler 2249 41
(Emberizinae) (Parulinae) (Parulinae)

2 Warbler 811 31.9 Sparrow 697 24 Sparrow 1762 32
(Parulinae) (Emberizinae) (Emberizinae)

3 Other 317 12.5 Other 541 18.6 Other 858 16

4 Brown creeper 181 7.1 Thrush 173 5.9 Thrush 346 6.3
(family Certhiidae) (Turdinae) (Turdinae)

5 Thrush 173 6.8 Brown creeper 56 1.9 Brown creeper 237 4.3
(Turdinae) (family Certhiidae) (family Certhiidae)

1 Data collected in Toronto by FLAP members. Number of collection days: 101, 124, 116 for 1993, 1994, and 1995 respectively.
2 Total number of birds recorded as dead, injured, captured, escaped and sighted.
3 Percent of total number of individuals.



species and sub-families to be more vulnerable than others to
fatal light entrapment is corroborated by many other studies
(Appendix 1) and the potential causes and implications of this
phenomenon will be discussed later in this report. 

The FLAP data for downtown Toronto may be summarized
as follows: the total number of species recorded for all years
and seasons combined is 100 (see Appendix 2). The average
annual total of birds killed or injured by artificial light is
1,818. The average annual number of deaths from 1993 to
1995 is 732, with 300 deaths resulting in spring and 432 in
fall. Due to the many additional threats (predation, the day-
time hazards of windows for those that survive the night, and
the difficulty of finding food in a built-up area), the actual
number of deaths in central Toronto prior to FLAP’s interven-
tion was likely to be much higher, perhaps closer to 1,000 per
year. This figure is almost certainly an underestimate, since
bird collections at only two buildings in downtown Toronto
have caused the death of 157 birds during fall migration
alone (Ranford and Mason, 1967).

Representing only a small section of the potential danger
zone in Toronto for migrating birds, these numbers are dis-
turbing. Light entrapment represents a significant and real
threat for migrating birds, and for songbirds in particular.
This degree of mortality is not an isolated occurrence. In fact,
at just one lake-side building in Chicago checked every day

during both migration seasons since 1982, the average num-
ber of birds killed annually is 1,478, and the total number
killed over the past 14 years is 20,697 (D.E. Willard, unpub-
lished data). Cities located on the Great Lakes, such as
Toronto and Chicago, may have higher collision mortality
rates than cities further inland, since migrating birds (young
birds in particular) are known to aggregate along coasts (e.g.
Dunn and Nol, 1980, and references therein). 

Migrant mortality of varying degrees of severity probably
occurs in every major city throughout North America and
wherever bird migration and urban centres coincide world-
wide. The presence of urban areas along the routes of migrat-
ing birds in flight can be imagined in the following way: If
the east-west width of all Canadian and American cities over
100,000 in population is projected onto one line (i.e. a single
imaginary “horizon” from a bird’s-eye view), then the aggre-
gate width of these large urban areas is equivalent to 41 per-
cent of the total east-west width of North America measured
from its most easterly and westerly points. In this projection,
cities of the same longitude overlap one another; a calculation
of all such urban widths is equivalent to 84 percent of the to-
tal width of North America. Between Chicago and Boston
(i.e. most of eastern North America), urban areas block 70
percent of the horizon and their combined total width is
equivalent to 215 percent of the Chicago-Boston horizon.
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Rescue work begins before dawn and may continue through the morning rush-hour.  Office workers, 

largely unaware of the threat of buildings to migrating birds, hold the key to their survival.
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While a complete analysis of the existing data is beyond the
scope of this study, a partial compilation of data amassed by
Avery et al. (1980), a number of recently published works, and
several unpublished studies, provide some useful insight into
the past and present severity of the problem (see Appendix 1).

FLAP’s Toronto case study represents merely one example
of a problem which occurs throughout Canada and the world.
The problem of avian mortality at human-built structures is a
long-standing one, with documentation of incidents occurring
as early as the 1880s (Cooke, 1888; Kumlien, 1888). Weir
(1976) documented 471 reports of bird kills at human-built
obstacles, including lighthouses, ceilometers, chimneys, cool-
ing towers, communication towers, buildings, gantries,
bridges, trains, telephone lines and power lines. The origins of
Weir’s references included North America, the Caribbean,
Europe, Malaysia, and the Pacific Ocean. Many of the 471 ref-
erences were reports documenting multiple incidents. 

The annotated bibliography produced for the United
States Fish and Wildlife Service (Avery et al., 1980) lists

1,042 references to avian mortality at human-built structures,
with many of these references also referring to multiple inci-
dents. More than 15 years later, documentation of the prob-
lem continues (e.g. Willard, unpublished data; Klem, 1990;
Dunn, 1993), but a comprehensive bibliographic update has
not been produced. It is important to consider that formal
documentation of avian mortality at human-built structures
represents only the tip of the iceberg. The vast majority of
kills remains undocumented and presumably largely unno-
ticed. Avian mortality at human-built structures is thus a
large but often covert problem. Wherever there are human-
built structures, migrating birds are potentially at risk.

Considerable information exists on bird losses at human-
built structures, however most of this information consists of
sporadic reports of kills rather than organized and coordinated
monitoring. There is a dire need for a comprehensive and co-
ordinated effort at national and international levels.
Nevertheless, useful information can still be gleaned from the
myriad of existing bird collision reports.
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The broader picture

Kills of more than one hundred ovenbirds in one night have been 

documented in multiple reports, and if this degree of mortality prevails across the 

continent, such losses may have a significant impact on population sizes.

Volunteer rescues an ovenbird, the species that collides 

most often with buildings in North America.
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While it is difficult to determine an exact numerical figure
for the proportion of overall migration mortality incurred by
human-built structures, it is important to consider that many
songbirds, the group of species that experience the heaviest
mortality at human-built structures, are undergoing serious
population declines (e.g. Robbins et al., 1989). Therefore, any
type of anthropogenic mortality which contributes to their
population declines is cause for concern. Mortality at human-
built structures may in fact play a larger role in the diminish-
ing numbers of songbirds than previously recognized. Kills of
more than one hundred ovenbirds in one night have been
documented in multiple reports (cited in Avery et al., 1980),
and if this degree of mortality prevails across the continent,
such losses may have a significant impact on population sizes.

A very crude estimate of the proportion of birds killed by
structures in central Toronto versus overall numbers migrating
overhead can be made by comparing the number of those
known to be killed and injured with known mean migration
traffic rates for the Toronto area (Richardson, 1982). This
method of estimation has many sources of uncertainty, but at

least provides an order of magnitude estimate of the signifi-
cance of this source of mortality. Assuming an average migra-
tion traffic rate (MTR) for the whole autumn migration season
of 1,500 birds per kilometre of migration front per hour, aver-
aged over a 90-night migration period, with an average of
eight hours of migration per night, an estimated 1,500 x 90 x
8, or approximately one million migrants fly across a one kilo-
metre east-west front over the course of fall migration (W.J.
Richardson, personal communication). Multiplying this one
kilometre front of birds by 40 km – the approximate east-west
breadth of Metropolitan Toronto – gives us a total of approxi-
mately 40 million birds passing over Toronto each autumn.
FLAP covers an area approximately 0.5 kilometres wide (from
east to west), and thus an estimated 500,000 birds fly over
this area each fall, of which approximately 500 are killed due
to collision with lighted buildings. This estimate assumes that
migrating birds are evenly distributed over the Toronto air
space, and that there is no focussing effect over the downtown
district. Thus, acknowledging once again that this gives a very

crude order of magnitude estimate, approximately one in
1,000 birds that fly over Toronto’s downtown district in au-
tumn are killed due to collision. Migration traffic data are un-
available for spring, and thus a corresponding estimate of the
proportion of spring migrants killed is not possible.

Banks (1979) estimates that approximately 1.25 million
birds are killed in North America each year in collisions with
tall structures. He bases this estimate on the assumption that
approximately half of the 1,010 television transmission towers
in the United States (in 1975) incur a mortality rate of 2,500
per year (based on averages of three independent studies on
TV tower mortality). This estimate is therefore based on the
impact of television towers alone, and does not include other
tall structures such as cooling towers, radio towers, and tall of-
fice buildings. Weir (1976) gives the number of TV towers in
Canada in December 1975 as 189, and using the same as-
sumptions and method of calculation as Banks, an estimated
236,250 birds were killed at Canadian TV towers in 1975. 

Klem (1989) has estimated that the number of birds killed
by day-time window collisions at low-level structures (such as

individual residences) ranges from approximately 100 million
to close to one billion per year in the United States alone.
This estimate is based on year-round kills, and thus includes
the mortality of resident species as well as those involved in
migration. Klem’s annual window-kill mortality estimate has
been supported by a similar, independent estimate (Dunn,
1993). Thus, while lighted structures result in large numbers
of avian injured or dead birds, windows may represent an
even greater problem for migrants.

Until widespread and standardized reporting of bird kills
is implemented, estimating continent-wide mortality in-
curred by structural hazards is unavoidably speculative. In the
case of lighted structures, estimates of collision mortality are
likely to represent minimums, since documentation of kills is
scant. As Avery et al. (1980) points out, the number of kills
reported in the literature is probably more closely related to
the waxing and waning of public interest in the phenomenon
rather than the frequency of its actual occurrence. In urban ar-
eas, concern over bad publicity may result in many office
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Significance of the problem

Many songbirds, the group of species that experience the heaviest mortality at 

human-built structures, are undergoing serious population declines.



tower managers instructing maintenance workers to remove
bird carcasses prior to the arrival of employees. In rural and
remote areas, infrequent human attendance and automation,
such as that implemented at many Canadian lighthouses in
recent years, probably results in large numbers of unrecorded
avian deaths (e.g. Weir, 1976). 

In addition, the kills themselves are often masked by the
fact that local predators have learned to exploit this occasional
food source. A host of mammalian and avian predators have
been documented scavenging birds killed and injured at hu-
man-built structures. In an eleven-year study at a Leon County
TV tower in Florida, Stoddard and Norris (1967) reported a
host of predators preying on dead and injured birds, includ-
ing: domestic cats, opossums, foxes, skunks, raccoons, great
horned owls (Bubo virginianus), loggerhead shrikes (Lanius lu-
dovicianus), crows (Corvus sp.), and insects. One study reported
losses due to scavenging as 76 percent, determined experimen-
tally with tagged carcasses (Williams et al., 1975). Another es-
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timated that half of the dead specimens were removed by noc-
turnal mammalian scavengers before searches by the investiga-
tor in the morning (Rybak et al., 1973). Predation by gulls in
FLAP’s Toronto study necessitates pre-dawn collecting.
Predation is likely to reduce reported numbers to some degree
in every study, and most of the evidence of mass bird mortal-
ity at unstudied structures may disappear without a trace.

While it is well established that structurally-mediated bird
mortality is a considerable problem, the proximate causes of
this problem are less clear. What causes the fatal attraction of
birds to light sources during nocturnal migration? And, what
causes birds to collide with windows? In order to address these
questions it is necessary to: (1) understand the mechanisms by
which birds navigate during migration; (2) investigate the be-
haviour of birds at human-built structures; and (3) examine
what is known about avian vision with respect to both light
and plate glass.

Even if collision with a lit structure is avoided, birds are still at risk of death 

or injury as they are reluctant to fly out of the area into the dark, and often continue

to flap around in the beam of light until they drop to the ground with exhaustion.

Eight of the hundreds of different species of birds that have 

had fatal encounters with buildings lit at night.
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Migratory bird navigation

Bird navigation has been a vigorous area of research in recent
years, and has revealed that birds use a variety of orienta-
tional cues, including the position of the sun, the Earth’s
magnetic field, the patterns of the stars, the moon and topo-
graphical features (e.g. Berthold, 1993; Martin, 1990). The
Earth’s magnetic field is a constantly available directional
reference, available to both diurnal and nocturnal migrants.
Diurnal migrants have the additional reference of the sun.
Nocturnal migrants use the stars, the setting sun and the
correlated pattern of polarized light in the sky, as directional
cues (Moore, 1987). 

Despite the multiple cues available, we cannot assume
that all of these cues are available at any given time, or even
that all species use these cues in a similar fashion. Evidence 
suggests that orientational cues are used in a hierarchical

fashion (Emlen, 1975; Moore, 1985). That is, species or pop-
ulations are opportunistic with respect to which orientation
mechanism is used depending upon weather conditions or
geographic location.

The orientation and navigation mechanisms of nocturnal
migrants are of particular interest, since it is these species
which are predominantly affected by fatal entrapment by
lighted structures. While evidence suggests that nocturnally
migrating birds make use of magnetic cues (e.g. Presti,
1985), there is much evidence that cues based on vision are at
least as important as, and maybe more important than, mag-
netic cues. Documentation of this evidence is found in a num-
ber of experimental findings and field observations compiled
by Martin (1990):

(1) The majority of nocturnal migration takes place in weather
which provides the ideal conditions of calm, light or fol-
lowing winds with little cloud cover and good visibility,
both prior to the time of departure and during the actual
flight (Richardson, 1978; Elkins, 1983; Kerlinger and
Moore, 1989).

(2) Prior to their nocturnal migratory journey, passerine birds
usually cease their normal daytime activities and start to
roost around dusk in the usual way (Palmgren, 1944;
Hebrard, 1971). It is thought that it is during this flight-
less period that migrant birds make the decision of whether to
migrate and in which direction. Just what birds do at this
time is unclear but the primary importance of visual cues 
associated with detecting the position of the sun or the pattern
of polarized light in the sky (which is a direct correlate of
the sun’s position) has been demonstrated (Moore, 1987).

(3) There is considerable evidence that visual cues are of pri-
mary importance not only in initiating the direction of ori-
entation but also in maintaining it throughout the migra-
tory journey. These visual cues may be associated with the
stars and moon and also involve the use of topographical
landmarks as guides or beacons.

The disorientation of birds in low cloud or fog suggests that
the Earth’s magnetic field alone is not sufficient for successful
navigation. Visual cues derived either from the celestial cues
above or from the ground below would seem necessary for the
correct nocturnal orientation of birds. The fact that migrating
birds “caught out” by bad weather conditions are trapped, of-
ten fatally, by illuminated structures, suggests strongly that
at night these birds may be dominated by visual cues from
below them but that they are easily confused (Martin, 1990).
The attraction of birds to lighthouses has been hypothesized
to be due to their confusing the artificial light source with
the moon, which they would normally use as an orientational
reference. (Baker, 1984, p.94 ). If this is the case it suggests
that avian visual discrimination at night of even large, bright
objects is relatively poor (Martin, 1990).

Even in the absence of bad weather, nocturnally migrating
birds have been observed to be confused by artificial lights
below them. Songbird species migrating through East Africa
are attracted at night to artificial lights when there is no
moon combined with fog or mist at ground level in the area
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Effects of light on nocturnal migrants

When migrating at night, birds are able to detect only the grossest detail.



illuminated by the lights. When these two conditions are ful-
filled, birds apparently passing in the clear, starlit sky above
the low cloud are attracted down through the mist to the
lights. The presence of a moon at any phase appears to nullify
the effects of the artificial lights (D. Pearson, personal com-
munication, cited by Martin, 1990). A similar effect has been
observed at a lighthouse in Wales, where birds are attracted
to the light in the absence of the moon, under overcast condi-
tions, and when there is low cloud and a clear starlit sky
above (Durman, 1976). 

The effect of the moon on the incidence of fatal attraction
to artificial sources of light has been the subject of some de-
bate. Verheijen (1980) found a strong correlation between
large tower kills and moonless nights. Crawford (1981b) re-
jected Verheijen’s hypothesis, citing evidence that the num-
bers of birds killed were not dependent upon moon phase.
Nevertheless, Crawford’s analysis determined that the fre-
quency distribution of bird-kill nights was non-random, with
two peaks occurring: one at the new moon, and one at the full
moon, suggesting that while the relationship is not simple,
the presence or absence of the moon does indeed have an ef-

fect on nocturnal migrants. A study on Hawaiian seabirds
(Telfer et. al., 1987) also showed a strong relationship be-
tween moon phase and bird attraction to lights. 

These observations on lunar and meteorological effects
suggest that passerines have a limited ability to make visual
discriminations at night, and songbirds are influenced by vi-
sual cues from the ground beneath them even when there is a
clear starlit sky above. Visual cues from below may therefore
dominate over both magnetic and star-based cues during ac-
tual migratory flight, even though these latter cues may be
used to determine direction of flight at the time of departure
(Martin, 1990). Nocturnal migrants may therefore use a simi-
lar process to humans when orienting through unfamiliar ter-
rain; that is, they may determine their compass direction
from some other cue but then project this direction for mi-
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gratory flight onto the landscape, thereafter using topograph-
ical features to stay on course. 

Given that most nocturnal migrants are generally diur-
nally active outside of the migration period, it is important to
consider just how much these species can see at night. While
absolute visual thresholds are known for only a few bird
species, enough is now known about the theoretical limits to
visual sensitivity in vertebrate eyes in general (Snyder et al.,
1977; Barlow, 1981; Martin, 1985) to determine what is not
possible for an animal to detect visually at a given light level
(Martin, 1990).

Visual thresholds are known for humans (Pirenne et al.,
1957), the tawny owl (Strix aluco) (Martin, 1977) and the
rock dove (or city pigeon, Columba livia) (Blough, 1955).
Human vision in very low light levels extends to a level close
to that of the owl, with vision possible even on moonless
overcast nights. The minimum threshold for vision in the pi-
geon, however, is reached at much higher light levels. Given
that the owl is nocturnal and the pigeon diurnal, the sensitiv-
ity of many diurnal birds is assumed be similar to that of the
pigeon (Martin, 1985). 

We can determine the extent of nocturnal vision possible
by birds by comparing the known thresholds of vision with
luminance levels of the Earth’s surface when viewed from
above and illuminated by various natural light sources. At the
light levels produced by starlit nights, diurnal birds are likely
to have some kind of vision. However, on nights of minimum
starlight, no vision will be possible at all for many species.
Spatial resolution is also likely to be very limited (Fite, 1973;
Snyder et al., 1977), and Martin (1990) thus concludes that
“when migrating at night, even under light levels in the max-
imum moonlight/maximum starlight range, birds are able to
detect only the grossest detail and are unlikely to achieve the
degree of spatial resolution that the human visual system is
capable of under the same circumstances. Therefore on both
theoretical grounds and by extrapolation from current data on

Prior to the erection of tall human-built structures, a high level of visual acuity 

at night was of no adaptive value to nocturnally migrating species.
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bird vision, it seems safe to conclude that nocturnally migrat-
ing birds cannot be guided by fine detail.”

Compared to the kind of fine spatial detail which is as-
sumed to guide their flight when completing the day-time
component of their life cycle, night migrants must be flying
nearly blind. Such poor resolution of detail during nocturnal
migration does not pose a problem for birds migrating in
open air space well away from obstacles. Under clear skies,
major topographical features such as water surfaces and tree
canopies will be detectable on the ground and silhouetted
against the sky. And the horizon will always be visible except
on moonless nights with overcast skies (Martin, 1990). Prior
to the erection of tall human-built structures, a high level of
visual acuity at night was therefore of no adaptive value in
nocturnally migrating species. And prior to widespread use of
artificial lights, there would have been few if any bright light
sources from below. Diurnal bird species migrating at night
may therefore not have evolved any visual mechanism by
which to cope with the detection of human-built hazards en-
countered during flight.

Flight mobility of strictly nocturnal birds in complex en-

vironments probably combines a detailed knowledge of their
environment with the limited visual cues available. Songbirds
migrating nocturnally are not afforded the luxury of such a
behavioural strategy. Although flying in a spatially simple air
space, correct orientation for nocturnal migrants depends on
correct interpretation of minimal visual cues. However, learn-
ing may play a role if the ability to correctly interpret mini-
mal sensory information increases with experience of both the
general nature of the night environment and that of a specific
migratory route. One study indeed suggests that immature
songbirds are influenced more than adults by extraneous
lighting cues during night-time tests of migratory orienta-
tion (Gauthreaux, 1982). Learning requires that an individual
survives the experience about which it is to learn, and is obvi-
ously not possible for those birds killed outright by collisions.

Light attraction behaviour

The phenomenon of bird aggregation at artificial lights is
commonly termed “attraction.” However, while a convenient
descriptive term, there is as yet insufficient evidence to deter-
mine whether birds are in fact attracted to artificial light
from a distance, or whether birds flying in the vicinity of a
light source become trapped by the light and are reluctant to
leave. The term light attraction in this paper therefore refers
to the phenomenon of aggregation and entrapment at artifi-
cial light, without implying that such behaviour is the result
of “attraction” per se. Avery et al.’s (1976) experimental work
in fact suggests that light entrapment is a more accurate de-
scription of the phenomenon, since birds are apparently not
attracted from a distance but rather enter the lighted area by
chance and are then trapped by the artificial light.
Attraction to artificial light at night is a phenomenon not re-
stricted to birds. Artificial light adversely affects sea turtles.
Emerging hatchlings proceed inland toward artificial light
sources instead of toward the sea, and in doing so face the
risks of desiccation or collision with traffic on coastal roads

(Verheijen, 1985). Migrating bats such as the North
American silver-haired bat (Lasionycteris noctivagans) have also
been reported as fatally colliding with the lights of buildings
(Banfield, 1981), although bats are probably attracted by
swarms of insects at lights rather than the lights themselves.
The nocturnal attraction of insects and fish to light is also
widely reported and used to the advantage of entomologists
and fishermen (Southwood, 1971; Ben-Yami, 1976). There
are numerous accounts in the literature of the behaviour of
birds at sources of artificial light. In the district of Toronto
monitored by FLAP, those birds that are not killed outright
by impact with lit windows are disoriented by the light and
continue to fly around the light source, often to the point of
exhaustion (M. Mesure, personal communication). Once
trapped by walls of lighted windows, the survivors often ex-

Approaching the edge of the illuminated area, migrants are hesitant to 

fly into the darkness beyond and instead fly back toward

the obstruction, where inevitably some are killed or injured in collisions.



haust themselves fluttering up and down the window panes.
Since energy levels are at a premium for migrating birds,
those which survive the night, escape predation, and avoid
day-time collision with a sea of windows, then face the chal-
lenge of finding sufficient food within the concentration of
buildings to replenish their fat stores and continue their 
migratory journey. 

Lighthouses were the first human-built structures respon-
sible for large migratory bird kills in North America, particu-
larly during weather conditions of low visibility such as rain
or fog (Weir, 1976). The rotating beams typical of traditional
light stations “result in birds circling the tower, flying up the

beams and dashing themselves against the glazing, cowling,
etc.” (Baldwin, 1965, and references therein).

Nocturnal light attraction behaviour of migrant birds ap-
pears to be quite stereotyped, and is virtually identical at all
types of lighted structures. Birds flying in the vicinity of arti-
ficial light are attracted to the source of light “like iron fil-
ings to a magnet” (Weir, 1976). Death or injury result from
the birds colliding with lighted obstructions or with each
other. If collision is avoided, exhaustion often occurs after
birds have fluttered in the light beam for long periods.

A number of theories have been put forward as to why
birds are attracted to artificial light sources. Verheijen (1958)
described the phenomenon of avian attraction to artificial
light as a “trapping effect,” since the behaviour seems to be a
“forced movement.” He suggested that the “low illumination
intensity of the environment around such a light source inter-
feres with normal photic orientation resulting in a drift of the
animal towards the light source.” Verheijen’s later work sug-
gests that birds are drawn to light due to the differences in
the properties of natural versus artificial light. 

One belief holds that nocturnal migrants are attracted to
lit structures because the lights are mistaken for stars.
However, the credibility of this theory is questionable.

Experimental studies have revealed that various non-passer-
ines have the ability to distinguish between lights of different
wavelengths, flash rates, and intensities (Hailman, 1967;
Oppenheim, 1968; Granit, 1955; Mentzer, 1966). In addi-
tion, Emlen (1967) demonstrated that star patterns, not indi-
vidual stars, are sufficient for correct orientation in the indigo
bunting (Passerina cyanea), a migrant songbird. 

While visual capacities have been determined for only a
few avian species, it appears improbable that all types of
lights appear identical to nocturnally migrating songbirds,
and equally improbable that tower lights or beams are con-
fused with stars (Avery et al., 1976). One study on non-

passerine birds suggests that not only are there species differ-
ences in light perception, but also that individual differences
are highly variable (Belton, 1976).

Avery et al. (1976) performed an experiment at a 336-me-
tre-tall radio tower using a portable ceilometer to observe
bird behaviour at night around the tower’s lights. Their ex-
periment demonstrated the significant effect of weather con-
ditions on the number of birds congregating around tower
lights. On overcast nights during both spring and fall migra-
tion, significantly greater numbers of birds were observed at
the study tower than were observed at the control location.
On clear nights, the reverse was true, indicating that mi-
grants were not attracted to the tower under clear conditions.
This study also suggested that birds flying around the tower
lights in overcast conditions were disoriented, since they did
not exhibit a significant mean direction in comparison with
birds observed at the same time away from the tower. 

Avery et al. support the explanation given by Graber
(1968), who theorized that migrants are not attracted to tow-
ers in the sense of being drawn from a distance, but rather
those passing nearby on a cloudy night enter an illuminated
area that they are reluctant to leave. Approaching the edge of
the illuminated area, migrants are hesitant to fly into the
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While few studies have looked at age as a factor in mortality at lit structures, 

this susceptibility may be particularly relevant in Autumn, 

when large numbers of young are migrating for the first time.



darkness beyond and instead fly back toward the obstruction,
where inevitably some are killed or injured in collisions
(Avery et al., 1976). Crawford’s (1981a) study of bird mortal-
ity at a television tower resulted in a similar conclusion: “The
attraction to the lighted area is limited to the immediate
vicinity of the tower: the birds are not drawn from a consider-
able distance.” Artificial light may interfere with dark adap-
tation, similar to the phenomenon experienced by humans en-
tering darkness after leaving a brightly lit area.

Telfer et al. (1987) studied the fatal attraction to light by
several species of Hawaiian seabirds. Their study suggests
that inexperience is probably a major factor, and that 
phototropism is likely an innate behaviour. While few studies

have looked at age as a factor in mortality at lit structures
(Gauthreaux, 1982), this susceptibility may be particularly
relevant in the autumn, when large numbers of young are mi-
grating for the first time.

While several theories have been put forward, the key
question of what causes birds to congregate at tall lighted
structures (particularly under overcast conditions), remains
unanswered. To fully understand this phenomenon, a series of
controlled experiments on the reactions of birds to lights of
various intensities, wavelengths (colours), and flash rates, is
necessary. One useful method with which to observe the ef-
fects of tall lit structures on bird behaviour would be to track
birds fitted with radio transmitters (Avery et al., 1976).
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Falling to street level after hitting a skyscraper, dazed birds

must contend with the confusion of lights and reflections.
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Since energy levels are at a premium for migrating birds, those which survive 

the night, escape predation, and avoid day-time collision with a sea of 

windows, then face the challenge of finding sufficient food in downtown areas 

to replenish their fat stores and continue their migratory journey.



Perhaps no birds are immune to the hazard of windows, and
approximately 25 percent (225/917) of all North American
bird species have been documented as killed or injured by colli-
sions (Klem, 1991). The most comprehensive studies on day-
time bird collisions with windows have been performed by Dr.
Daniel Klem, Jr. (1979, 1981, 1989, 1990, 1991), who esti-
mates that approximately one hundred million to one billion
birds are killed annually by day-time window collisions at low-
level structures in the U.S. alone. This estimate for the number
of window kills is based on year-round deaths, and thus in-
cludes the mortality of resident species as well as those involved
in migration. Contrary to the popular notion that birds killed
from colliding with windows die from a broken neck, Klem
(1990) determined that such fatalities are largely due to hemor-
rhaging of the brain resulting from impact. His studies eluci-

date that window strikes by birds are a year-
round problem. Klem’s 1989 study revealed no
evidence of an age or gender bias in window
collisions, with adults, juveniles, males and fe-
males equally likely to strike windows. His data
indicate that, at least for residential homes,
birds strike windows almost exclusively during
the day, with collisions occurring at a higher
frequency during the morning. Strike rates
were found to be considerable under both
sunny and overcast weather conditions. During
migration seasons, the orientation of windows
with respect to compass direction was found to
have no significant effect, with windows facing
south or north no more hazardous than win-
dows facing other directions (Klem, 1989).

Several hypotheses attempt to explain how windows are
rendered functionally invisible to birds (Klem, 1989). Birds
have been speculated to hit windows as a result of: defective
eyes (Willet, 1945); impaired vision due to smoke
(Langridge, 1960); blinding glare (Sinner, unpublished
data); mist (Konig, 1963); alcohol from fermented fruits
(Rogers, 1978); and diverted attention (Dunbar 1949;

Giller; 1960, Bent, 1968:231; Raible, 1968; Valum, 1968,
all cited by Klem, 1989). However, Klem’s experimental
study, in which he tested the degree of hazard of clear and
reflective windows, does not support any of these explana-
tions. His results demonstrate that neither windows alone
nor windows installed in human-built structures are recog-
nized as obstacles by birds. 

A second group of hypotheses invoke perception. Many au-
thors have conjectured that inexperienced birds strike win-
dows (Bauer, 1960; Giller, 1960; Morzer-Bruijns and Stwerka,
1961; Löhrl, 1962; Raible, 1968; Valum, 1968; Schmitz,
1969; Harpum, 1983; all cited in Klem, 1989). However,
Klem’s (1989) study demonstrated that immatures and adults
are equally vulnerable to the hazards of glass. Klem concluded
that deficiencies and inexperience do not make birds more sus-

ceptible to collisions; rather, the available evi-
dence, while indirect, supports the hypothesis
that “the avian visual system is incapable of
perceiving clear and reflective glass” or perhaps
visually misinterprets it. Glass is thus a poten-
tially lethal hazard for all birds in flight.

Factors influencing the frequency and
species of birds involved in window colli-
sions include: season, time of day, weather,
the density of birds in the vicinity of win-
dows, flight habits, window type, size,
placement of glass, and the presence of bird
attractants such as feeders or fruiting trees.
Windows are equally deadly to birds mi-
grating at night when they act in conjunc-
tion with interior lights, transmitting light

to the outside and thus attracting birds. Attraction to the
lighted windows causes disorientation, fatal or injurious
collisions, or eventual exhaustion. The critical concept
with respect to windows is that glass is not perceived as
an obstruction to birds in flight, and thus the key to re-
ducing window collision mortality is to make plates of
glass visible as obstructions.
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Windows as an avian hazard

Approximately one hundred million to one billion birds are killed annually by 

day-time window collisions at low-level structures in the U.S. alone.

Glass – misinterpreted or 

invisible to birds – can be lethal.
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Species-specific vulnerability to mortality caused by hu-
man-built structures is a further unstudied but potentially
important phenomenon. A compilation of some of the avail-
able literature on bird kills at different types of structures
reveals some interesting species trends. Reported kills at
both tall structures and residential windows show remark-
able consistency in species composition despite the varied
geographic locations of the studies (see Appendix 1; also
Klem, 1989). Certain species of warblers, thrushes, vireos
and sparrows consistently head the list as those most preva-
lent to collide with building windows. Notable among
these are the ovenbird, bay breasted warbler (Dendroica cas-
tanea), red-eyed vireo (Vireo olivaceous), and blackpoll warbler
(D. striata), with reported kills for a single season at some
structures often numbering in the hundreds (e.g. Appendix 1,

reference numbers 7, 8, 34, 60). 
Available information suggests that at least

among songbirds, individual species are not
restricted to exclusive altitudinal ranges dur-
ing migration (Bill Evans, personal communi-
cation). Flight altitude alone therefore cannot
explain the predominance of certain species as
those most abundantly killed. It would ap-
pear, therefore, that certain species are more
vulnerable to collisions due to their species-
specific behaviour. Ovenbirds, thrushes, and
other birds that “habitually make swift flights
through restricted passages in heavy cover” are
probably guided in their flights by a view of
the light ahead of them (Snyder, 1946). This
flight behaviour has been speculated to ex-
plain why these species are among the most
commonly killed by striking windows (ibid;
Ross, 1946; Willet, 1945). In a survey across North America,
species whose activities occur on or near the ground, such as
several species of thrushes, wood warblers, and finches, were
found to suffer a greater vulnerability to window deaths
(Klem, 1991). Likewise, certain nocturnal migrating species

appear to be more prone than others to attraction and disori-
entation at sources of light. At the Washington Monument
on October 20, 1935, hundreds of field sparrows (Spizella
pusilla) were described as “resting on benches and other
perches at the base of the monument, while warblers were fly-
ing overhead and crashing into the floodlit monument”
(Overing, 1936, 1937). 

When species undergoing significant population declines
coincide with those appearing as the most abundant individu-
als in structurally-related kills, we should be particularly con-
cerned. Any factor contributing to the decline of such species
is a potentially important one. Some of the species collected
by FLAP are among those undergoing population declines
(see Appendix 2). Combining both migration seasons, five of
the 20 most abundant species recorded by FLAP are experi-

encing significant long-term population de-
clines according to either the Canadian
Breeding Bird Survey (BBS) (Downes and
Collins, 1995), or the Forest Bird Monitoring
Program (FBMP) (Cadman, 1996) (see
Appendix 2).

Few continent-wide analysis of species
trends in collision mortality have been con-
ducted. One notable exception is a study on
the ovenbird. Taylor (1972) states that “few
fall disasters at tall structures and airport
ceilometers in eastern North America have
lacked ovenbirds,” and cites that “of 59,032
warblers representing 37 species reported
killed in the last 20 years during autumn mi-
gration...in eastern Canada and the United
States, 11,236 (19 percent) were ovenbirds.”
While the Canada-wide analysis (BBS, 1966-

1994) for ovenbird populations shows no population trend
(Downes and Collins, 1995), surveys within Ontario forests
show this species to be declining (Cadman, 1996). Given the
high numbers of ovenbird kills across the continent, and that
ovenbirds also constitute 17 percent of FLAP’s data, this
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Species-specific vulnerability

Five of the 20 most abundant species recorded by FLAP are 

experiencing significant long-term population declines.

The magnolia warbler is the 

fourth most frequent species 

on Toronto’s list of birds that 

die from building collisions.
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Of 59,032 warblers killed in the last 20 years during autumn migration 

in eastern Canada and the United States, 11,236 (19 percent) were ovenbirds. 

This species may be one of several that warrant special attention.

bird species classified as endangered, threatened or vulnerable
in Canada and the United States show up on the lists of
species killed by human obstructions (e.g. Weir, 1976; Avery,
1980). Documented window deaths for species of special con-
cern include the Kirtland’s warbler (Dendroica kirtlandii), and
peregrine falcon (Falco peregrinus) (Klem, 1991, and references
therein). While collisions with human-built structures may
have only a small impact on most relatively abundant species,
those with already small or declining populations cannot af-
ford any unnecessary source of mortality. It is certainly hard
to ignore the impact on white-throated sparrows and oven-
birds. These species alone account for 20 percent and 17 per-
cent of the overall mortality in FLAP’s data, respectively.
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species may be one of several that warrant special attention.
Analysis of existing data for other species trends would be
worthwhile and informative. While it is premature to suggest
that a direct relationship exists between population declines
and collision mortality for such “collision-prone” species, this
possibility merits immediate attention and research. 

The hazards of human-built structures may already have
been partially responsible for the extinction, or near extinc-
tion of one species. According to one ornithologist, a large
proportion of the museum specimens of Bachman’s warbler
(Vermivora bachmanii) (now probably extinct) came from a sin-
gle fixed-beam lighthouse at Sombrero Key, Florida
(Chandler S. Robbins, personal correspondence). Many of the
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Lights and nocturnal migrants

The simple answer to the problem of night-time migratory
bird mortality at lighted structures is to turn out the lights.
This is especially crucial after midnight, when birds begin to
descend from their peak migration altitudes (Lowery and
Newman, 1966; Richardson, 1971b; Bruderer et al., 1995).
In office buildings, turning out the lights is an achievable so-
lution, since the vast majority of offices do not operate during
the night. Another structural possibility is the use of shield-
ing to direct light downward and thus prevent its visibility
from above. Such a technique has been successfully employed
to prevent collisions of endangered Hawaiian seabirds (Reed
et al., 1985). Vegetation planted between beaches and adja-

cent roads to shield the dispersal of
light has also been an effective conser-
vation measure for sea turtles
(Verheijen, 1985). Shielding the up-
ward radiation of light is obviously
not an option when the purpose of the
light is to serve as an aviation beacon.
However, the shielding of low level
lighting such as street lights may help
to reduce the overall amount of light
emanating upwards from an urban area, which may help re-
duce the attraction of migrants. 

If light does not have to be perceived by humans, as in the
case of ceilometers (used to determine the height of cloud
cover for air traffic), a filter transmitting only ultra-violet
light is an effective measure (Terres, 1956). While songbirds
can detect ultra-violet light (e.g. Finger and Burkhard,
1994), they are apparently not trapped by it. Where illumi-
nation is unavoidable, the installation of perches on the sides
of tall, glass-faced buildings may also reduce the number of
birds flapping themselves to exhaustion and then falling to
their death. Structures such as cooling towers and communi-
cation antennae require some lighting for the safety of air

traffic, and likewise, lighthouses are specifically designed for
the safety of marine traffic. However, not all types of lighting
are equally hazardous, and it is worthwhile to discuss differ-
ent types of lights and lighting regimes with reference to
their effect on the safety of migrating birds. 

With respect to lighthouses, a lighting regime employed
at the Dungeness Lighthouse in Kent, England considerably
reduces the level of bird mortality (Baldwin, 1965). The for-
mer white paraffin lamp at Dungeness was replaced with a
xenon-gas-filled bulb in 1961, following successful experi-
ments for two years with the new light. The new light, emit-
ting an “ice white” (bluish) light, has been found to be highly
effective at reducing migratory bird kills. The xenon light is
intermittent in form, flashing once every ten seconds. It is

likely that the intermittent nature of
the Dungeness Lighthouse, rather than
its bluish colour, is what reduces its at-
traction to migrants. 

After the experimental period
with the new light, floodlighting of
the lighthouse was begun to provide a
navigational beacon for pilots.
Lighthouse personnel claim that no
birds were killed once the xenon light

was installed, even after permanent floodlighting began.
However, the use of floodlighting to illuminate an obstacle
has not proven successful in reducing mortality at other loca-
tions. Floodlighting of the lighthouse at Long Point, Ontario
(Baldwin, 1965); of the Washington Monument in the
United States (Weir, 1976); and of the CN Tower in Toronto
(McAndrew, 1994), have resulted in mass bird mortality.
Removal of floodlighting at the CN Tower during migration
seasons has virtually eliminated bird kills there (M. Mesure,
personal communication). Verheijen (1985) suggests that the
variability in the effect of floodlighting is dependent on the
direction of the beam and the degree of its divergence, with a
broad beam directed downwards less likely to cause a trap-
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What can be done – 
solutions and recommendations

The simple answer to the problem of night-time migratory bird mortality at 

lighted structures is to turn out the lights. Another possibility is the use of shielding to 

direct light downward and thus prevent its visibility from above.
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ping effect. While Transport Canada regulations (1987) offer
floodlighting as an option for the lighting of structures such as
buildings under construction, moored balloons, chimneys, and
church steeples, other types of lighting regimes are also accept-
able, and thus the use of floodlighting should be discouraged.

An alternative to the use of floodlighting is the use of
strobe or flashing lights. Changing to this type of lighting
regime could reduce or perhaps eliminate bird kills at light-
houses and other structures which are presently floodlit. The
conversion to strobe lighting at lighthouses in Great Britain
was undertaken due to the impetus of the Royal Society for
the Protection of Birds, and has been very successful
(Baldwin, 1965). A recent move to automate Canadian light-
houses has seen the replacement of the traditional rotating
beam with less intensive strobe lighting, which should reduce
the danger to migrating birds. Since the removal of flood-
lighting from Long Point Lighthouse in Ontario and its re-
placement with white strobe-lighting, there has been a dra-

matic decline in the number of avian collisions, with migrant
mortality now a rare phenomenon at this location (Jon
McCracken, personal communication). However, many of the
remaining attended Canadian lighthouses continue to use a
rotating beam (Steve Lear, personal communication), and an
effort should be made to promote the change to strobe light-
ing at all light stations. It has been suggested in the past that
the use of foghorns at lighthouses was another method by
which to reduce migratory bird collisions (e.g. Bretherton,
1902; Dixon, 1897). However, there is insufficient evidence
to suggest that this method is effective, and the use of loud
noise as a deterrent would unlikely be acceptable except in re-
mote locations (Jon McCracken, personal communication).

Communication towers are not as brightly lit as many
other structures, but are generally very tall (up to almost 500
metres) and often situated on high points of land, thus en-

croaching into the airspace of migrating birds. Some sugges-
tion has been made that in addition to lights, the signal from
radio or television antennae may contribute to the disorienta-
tion of migrating birds. However, Avery et al.’s (1976) study
indicated that migrants were found at a communication
tower both when it was transmitting and when it was not, in-
dicating that the signal itself had very little, if any, role in the
migrants congregating there.

Communication towers often use red obstruction lighting,
and in Canada such usage must combine both steady burning
and flashing red lights (Transport Canada, 1987). Such a
lighting regime for communication towers is not mandatory,
however, and these towers may instead employ a medium in-
tensity white flashing light system. While “white” light is
generally associated with major migratory bird kills, there is
little evidence that the colour of the light itself has an effect
on bird collisions. Several studies have suggested that red
lighting reduces the level of bird mortality (e.g. D.

Broughton, unpublished report). However, red lights used at
communication towers are probably less deadly than white
lights not because of their colour but because they are rela-
tively weak in intensity (Verheijen, 1985). One study sug-
gests that red light may actually disrupt the magnetic orien-
tation of migrating birds (Wiltschko et al., 1993).
Experiments on a number of non-passerine species demon-
strate a wide spectral sensitivity (Graf and van Norren, 1974;
van Norren, 1975; Finger and Burkhardt, 1993, all cited in
Verheijen, 1985), and it is likely that in general any light
source visible to humans, whether “coloured” or not, will also
be visible to birds, and thus constitute a potential hazard
(Verheijen, 1985). 

As discussed earlier, migrating birds are capable of orient-
ing by means of polarized light (Moore, 1987). However, at
least in the case of seabirds, experimentation on the use of po-
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While the problem of migratory bird mortality has been widely reported, a mere handful 

of experimental studies has been performed on the effectiveness of various lighting 

regimes as deterrents. In the meantime, it is important to apply what effective measures 

are known to minimize this unnecessary slaughter of migrating birds.



larizing filters determined that they were ineffective in deter-
ring collisions with human-built obstructions (Telfer, 1987). 

Recommendations regarding lighting

The simple solution to the problem of nocturnal migratory
bird mortality in urban centres is to extinguish the internal
lights of buildings, at least from midnight to dawn, and
avoid the use of external floodlighting. Towers and similar
obstructions which must be lit according to Transport Canada
regulations should be strongly encouraged to use strobe or
flashing white lights as warning beacons to aircraft rather
than floodlighting or red lights. Flashing light is preferable
to a constant beam because the interruption of light appears
to allow any birds caught in the beam to disperse (Baldwin,
1965; Avery et al., 1976). Studies at the Nanticoke Thermal
Generating Station, and the Wesleyville and Thunder Bay
Hydro sites (all in Ontario), have demonstrated that those

killed and injured at stacks and towers are virtually elimi-
nated by switching from floodlighting to strobe lighting
(Broughton, 1977; Chubbuck, 1983). Intermittent lighting
appears to be the only lighting regime that reduces bird kills
while satisfying Transport Canada’s (1987) regulations 
regarding obstruction lighting. The use of sound in conjunc-
tion with stroboscopic lights may also act as a deterrent, 
although further research is necessary (Belton, 1976).
Auditory deterrents would obviously only be appropriate in
remote locations where noise pollution would not be a con-
cern.

While the problem of migratory bird mortality at human-
built structures has been widely reported, a mere handful of
experimental studies has been performed on the effectiveness
of various lighting regimes as deterrents. The undertaking of
such studies would be a huge asset in the engineering and im-
plementation of effective solutions. In the meantime, it is im-
portant to apply what effective measures are known to mini-
mize this unnecessary slaughter of migrating birds.

Windows

A number of recommendations for preventing collisions at
windows have been presented by Klem (1991). The only ef-
fective way to prevent collisions with existing windows is to
ensure that birds recognize the area covered by glass as a space
to be avoided. For relatively small windows in residential
buildings, netting erected close to the window can prevent
birds from reaching the glass surface. Although of question-
able practicality, an option for larger buildings faced with
continuous glass is the covering of the external glass surface
with opaque or translucent window coverings. Experimental
studies indicate that outside window coverings must be sepa-
rated by no more than five centimetres horizontally or 10
centimetres vertically in order to prevent collisions. Klem
(ibid) has suggested the development and manufacture of an
external roll-up window covering that completely or partially

covers the glass surface. 
Despite their continued use and promotion, silhouettes of

falcons, owl decals, large eye patterns, decoys, and other pat-
tern designs, do not significantly reduce collision rates
(Klem, 1990). These objects fail to prevent most strikes be-
cause they cover only a small portion of the glass and are ap-
plied in insufficient numbers to alert the birds to the glass
barrier. In order to be effective as deterrents, such objects
would have to be placed every five to 10 centimetres on the
external surface, as described above. 

The use of interior window coverings such as blinds or
curtains is also of limited efficacy at reducing bird collisions.
Except when in direct light, curtains or blinds on the inside
of a window are not visible from the outside. When it is
darker inside a building and lighter outside, a clear or tinted
pane of glass reflects like a mirror. Direct sunlight shines onto
any given window for only a short period of time each day,
and thus interior blinds or curtains are only effective at deter-
ring collisions for a brief period of time each day (D. Klem,
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The only effective way to prevent collisions with windows is to ensure that 

birds recognize the area covered by glass as a space to be avoided.



personal communication). 
The development of modifications in glass itself provides

another potential solution. The use of non-reflective tinted
glass would be one method by which windows could be trans-
formed into visible objects for birds. A second method would
be the creation of non-reflective or interference zones on or in-
side the glass (Klem, 1991). Analagous to one-way glass, in-
terference zones would be visible only from one side. Such a
window would therefore appear as a clear pane of glass when
looking out, but from the outside a pattern or design would be
visible to both birds and humans. Patterns or designs would
need to conform to the five to 10 centimetre configuration,
but such designs could be aesthetically pleasing to people and
protective to birds. As yet, no move toward the development
of such windows has been made. Until a market is created for
glass windows that are not hazardous to birds, this situation is
unlikely to change. In the meantime, the use of non-reflective
stained glass and windows with decorative grids may reduce
collisions somewhat. And use of window films such as those
used to advertise in the windows of public transportation is
another technique worthy of investigation. 

The downward angling of windows so that they reflect the
ground was thought to be another potential solution to the
window kill problem (Klem, 1991). However, recent experi-

ments indicate that windows would have to be oriented at an-
gles of 20-40 degrees, which is likely to be impractical for
most human-built structures (Klem, unpublished data). 

The careful placement of bird feeders in the vicinity of
windows is one method to reduce bird kills, although this ap-
plies mainly to resident species, since most migrants are un-
likely to make use of bird feeders. Placing a feeder four to 10
metres from a glass surface creates a hazardous zone from
which 70 percent of window strikes is likely to be fatal. If
feeders are placed within one metre or less of the window,
birds alighting from the feeder will be unable to generate suf-
ficient velocity to injure themselves on the glass (Klem,
1991, and unpublished data). Other bird attractants such as
bird baths and certain types of vegetation increase the hazard
of birds strikes, and it is recommended that such items be
carefully placed (see above), removed, or that nearby windows
be covered with netting. Even indoor plants visible from out-
side may be potentially hazardous to birds flying in the vicin-
ity of windows. Such vegetation is thought to contribute to
window collisions as a result of its attractiveness to birds
trapped in urban areas (C. Parke, personal communication).
As Klem (1991) points out, “A willingness to modify or in-
corporate alteration to building and landscape designs can
save millions of birds.”
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The use of non-reflective tinted glass would be one method by which 

windows could be transformed into visible objects for birds. 

A willingness to modify or incorporate alteration to building 

and landscape designs can save millions of birds.



Lights

1. Extinguish interior lights at night to avoid illumination
from windows, and avoid the use of exterior floodlighting.

2. Use strobe or flashing lights in place of continuously burning
lights for obstruction lighting.

3. Install shields on light sources not necessary for air traffic to
direct light towards the ground.

4. Conduct further research into the degree of attraction of vari-
ous types of lighting regimes, the use of sound as a deterrent,
and the use of perches in areas where illumination at night
is unavoidable.
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Summary of recommendations

The single most important step to save this immature wood thrush from a building

collision is to ensure that lights are out at night, especially in spring and fall.
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Windows

1. Install exterior window coverings or netting at existing windows, or replace clear
glass with non-reflective glass (such as stained or frosted glass) where possible.

2. Develop plate glass which incorporates non-reflective interference zones, and de-
velop non-reflective tinted glass.

3. Investigate the use of window films to make windows visible to birds from the
outside.

4. Place bird attractants such as bird feeders and baths within one metre or beyond
10 metres from windows in order to reduce collision mortality.
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Conclusions



Collision of migrating birds with human-built structures and windows is a con-

tinent-wide, and probably world-wide problem. Since the majority of such bird

injuries and kills goes unreported, one can only speculate as to the magnitude

of this mortality across North America. However the sheer numbers of kills

which are reported, often numbering hundreds of birds in a single night, and

the fact that certain species are particularly vulnerable, suggest that this source

of mortality may be having a detrimental impact on some migratory songbird

species, especially on those which are known to be declining. A crude order of

magnitude estimate for the proportion of migrating birds killed in fall by noc-

turnal collisions with lighted buildings in the downtown core of Toronto is one

in 1,000, or 0.1 percent. While this level of mortality may appear insignificant,

it must be emphasized that this is a preventable source of mortality which

could be minimized by simply extinguishing interior lights at night during

migration seasons. Coupled with avian window mortality, these two sources of

anthropogenic mortality are a conservation concern. 

The most effective and realistic solutions to minimize migratory bird mortality

at night in urban centres are to: (1) extinguish all interior lights in buildings,

particularly after midnight; (2) attach shields to streetlights and other external

lights to prevent unnecessary upward radiation of light; and (3) install white

strobe lighting in place of red light, continuous light, rotating light, or flood-

lighting, to comply with federal safety regulations for air and marine transport.

Extinguishing non-essential interior lights and installing more efficient,

shielded exterior lights would not only significantly reduce bird mortality dur-

ing migration, but would be cost-saving in the long term. It is estimated that

poorly designed or badly installed outdoor lighting wastes more than one bil-

lion dollars in electricity annually in Canada and the United States, with most

of that light going aimlessly up into the sky (Dickinson, 1988). Prompted by

the adverse effects of light pollution on astronomers, rather than on migrating

birds, the State of Arizona has legislated strict laws on lighting. Since 1972 in

Arizona, all lights installed or replaced must be shielded to prevent upward

glare, all advertising and non-security parking lot and building illumination

must be turned off at 11 p.m., and high-glare mercury-vapour outdoor home
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It must be emphasized that this is a preventable source of mortality.



light fixtures cannot legally be sold in many parts of the state. The implemen-

tation of similar legislation in Canada would greatly reduce nocturnal migra-

tory bird mortality at lighted structures.

With respect to windows, the solutions to bird collisions are less simple. While

the installation of exterior blinds or netting on residential housing may be a

feasible solution, such a solution would be prohibitively expensive for glass-

faced office buildings. The research and development of alternative solutions,

such as glass which is non-reflective on the exterior, or windows which incorpo-

rate permanent or stick-on interference zones, is a priority. The greatest chal-

lenge will be to find a solution by which windows can be made acceptable to

humans and less harmful to birds.

Further research is necessary into many aspects of migrant collision mortality.

The creation of a centralized database and reporting centre for North America

would facilitate accurate monitoring of this problem and provide a less specula-

tive and more quantitative indication of its effect on migrating songbird popu-

lations. Experimental research is necessary to provide insight into various com-

ponents of the problem, including the effects of building height, lighting

types, light shielding, and the effectiveness of other potential deterrents.

Further research is needed not only on the collisions themselves, but also into

the causes and mechanisms of songbird population regulation. Experimental in-

vestigation of the effect of different lighting regimes on bird migration behav-

iour is also urgently needed. Techniques such as the fitting of radio-transmitters

to birds could prove useful in such studies (Avery et al., 1976).

Priorities for conservation action to minimize migratory bird collisions with

human-built structures and windows are: (1) to promote public awareness and

education about the problem; (2) to lobby for the extinguishing of non-essential

interior lights at night during the migration season, which may or may not in-

clude pressing for legislation on lighting, such as that in the state of Arizona;

and (3) to conduct further research into causes and prevention of avian collision

mortality, and to investigate its impact on those songbird species identified as

particularly vulnerable.

34 The  Hazards  o f  Light ed  S t ru c tur e s  and Windows  t o  Migrat ing  Birds

Author’s acknowledgements



Able, K.P. (1970). A radar study of the altitude of nocturnal passerine migration. 
Bird Banding 41(4): 282-290.

Able, K.P. (1982). The Effects of Overcast Skies on the Orientation of Free-flying 
Nocturnal Migrants. In: Avian Navigation. Eds. Papi and Wallraff. Springer-Verlag,
Berlin, Heidelberg. pp.40-49.

Aldrich, J.W., R.R. Graber, D.A. Munron, G.J. Wallace, G.C. West and V.H. 
Cahalane. (1966). Mortality at ceilometers and towers. Auk 83: 465-467.

Alerstam, T. (1978). Analysis and a theory of visible bird migration. Oikos 30: 273-349.

Alerstam, T. (1994). Bird Migration.Cambridge,Cambridge University Press,
U.K. pp. 284-307.

Avery, M., P.F. Springer, and J. F. Cassel. (1976). The effects of a tall tower on 
nocturnal bird migration – a portable ceilometer study. Auk 93: 281-291.

Avery, M.L., P.F. Springer, and N.S. Dailey. (1980). Avian mortality at man-made 
structures: An annotated bibliography (revised). U.S. Fish and Wildlife Service, 
Biological Services Program, National Power Plant Team, FWS/ OBS-80/54. 152 pp.

Avise, J.C. and R.L. Crawford. (1981). A Matter of Lights and Death. 
Natural History 90(9):11-14.

Baker, R.R. (1984). Bird navigation: the solution of a mystery? 
Hodder & Stoughton. London.

Baldwin, D.H. (1965). Enquiry into the Mass Mortality of Nocturnal 
Migrants in Ontario. The Ontario Naturalist 3(1): 3-11.

Banfield, A.W.F. (1981). The mammals of Canada. University of Toronto Press,
Toronto. p. 52.

Banks, R.C. (1979). Human related mortality of birds in the United States. 
U.S. Fish and Wildlife Service, Special Scientific Report – Wildlife. No. 215: 1-16.

Barlow, H.B. (1981). Critical limiting factors in the design of the eye and visual 
cortex. Proceedings of the Royal Society B. 212: 1-34.

Bellrose, F.C. (1971). The distribution of nocturnal migrants in the air space. 
Auk 88: 397-424.

Belton, P. (1976). Effects of interrupted light on birds. National Research 
Council of Canada. Field note no. 73. October.

Ben-Yami, M. (1976). Fishing with light. Fishing News Books Ltd., London.

Berthold, P. (1993). Bird migration – a general survey. 
Oxford University Press, Oxford, U.K.

Bevanger, K. (1994). Bird interactions with utility structures: collision and 
electrocution, causes and mitigating measures. Ibis 136: 412-425.

Bibby, C.J. and R.E. Green. (1981). Autumn migration strategies of 
Reed and Sedge Warblers. Ornis Scandinavica 12: 1-12.

Blough, D.S. (1955). Method for tracing dark adaptation in the pigeon. 
Science 121: 703-704.

Bretherton, B.J. (1902). The destruction of birds by lighthouses. Osprey 1(5): 76-78.

Broughton, D. (1977). The bird kill problem at Ontario Hydro’s thermal generating
stations. A study of nocturnal migrant mortality due to casualty at lighted stacks. 
Ontario Hydro unpublished report. CTS-07017-1.

Bruderer, B. and P. Steidinger. (1972). Methods of quantitative and qualitative analy-
sis of bird migration with a tracking radar. pp. 151-168, in S.E. Galler, K. Schmidt-
Koenig, G.J. Jacobs, and R.E. Belleville, eds. Animal orientation and navigation: a
symposium. NASA SP262. U.S. Government Printing Office, Washington, D.C.

Bruderer, B., L.G. Underhill, and F. Liechti. (1995). Altitude choice by night 
migrants in a desert area predicted by meteorological factors. Ibis 137: 44-55.

Cadman, M. (1996). Forest Bird Monitoring Program. In Friesen, L. (ed.) (1996). 
Report on Monitoring. Issue #2, February 1996.

Chubbuck, D.A. (1983). Lennox Generating Station – effects of construction and 
operation on the natural environment. Environmental Studies and Assessments 
Department. Report No. 83558, December.

Cooke, W.W. (1888). Report on bird migration in the Mississippi Valley in the years 1884
and 1885. U.S. Department of Agriculture, Div. Econ. Ornithol. Bulletin No. 2. 313 pp.

Cooper, B.A. and R.J. Ritchie. (1995). The altitude of bird migration in east-central
Alaska: a radar and visual study. Journal of Field Ornithology 66(4): 590-608.

Crawford, R.L. (1981a). Weather, migration and autumn bird kills at a north Florida
TV tower. Wilson Bulletin 93(2). 1981. pp. 189-195.

Crawford, R.L. (1981b). Bird kills at a lighted man-made structure: often on nights
close to a full moon. American Birds 35(6): 913-914.

Dickinson, T. (1988). Bring back the night: The unbearable beingness of light. 
Harrowsmith 82: 37-43.

Dixon, C. (1897). The migration of birds: an attempt to reduce avian season-flight 
to law. Horace Cox, London. 2nd edition. 426 pp.

Downes, C.M. and B.T. Collins. (1995). The Canadian Breeding Bird Survey, 
1966-94. Report of the Canadian Wildlife Service, Hull, Quebec.

Dunn, E.H. (1993). Bird mortality from striking residential windows in winter. 
Journal of Field Ornithology 64(3): 302-309.

Dunn, E.H. and E. Nol. (1980). Age-related migratory behaviour of warblers. 
Journal of Field Ornithology 51(3): 254-269.

Durman, R. (1976). Bardsey. In: Durman (ed.) Bird observatories in Britain and 
Ireland. Poyser Publishing. Calton, U.K. p. 29.

Eastwood, E. and G.C. Rider. (1965). Some radar measurements of the altitude of 
bird flight. British Birds 58: 393-426.

Elkins, N. (1983). Weather and bird behaviour. Poyser. Calton, U.K.

Emlen, S.T. (1967). Migratory orientation in the indigo bunting, Passerina cyanea. 
Part I. Evidence for use of celestial cues. Auk 84: 309-342.

Ref e r en c e s    35

References



Emlen, S.T. (1975). Migration: orientation and navigation. In: D.S. Farner and 
J.R. King (Eds.). Avian Biology. vol. 5. Academic Press, London. p. 129.

Ens, B.J., T. Piersma, and R.H. Drent. (1994). The dependence of waders and water-
fowl migrating along the East Atlantic Flyway on their coastal food supplies: What is
the most profitable research programme? Ophilia Supplement 6 (September), 127-151.

Fairfield, G.M. (1993). Spring warbler migration at Toronto, 1993. 
Toronto Ornithological Club Newsletter 37: 5-15.

Fairfield, G.M. (1994). Spring warbler migration at Toronto, 1994. 
Toronto Ornithological Club Newsletter 50: 7-15.

Fairfield, G.M. (1995). Spring warbler migration at Toronto, 1995. 
Toronto Ornithological Club Newsletter 60: 1-11.

Finger, E. and D. Burkhardt. (1994). Biological aspects of colouration and avian 
colour vision including ultraviolet range. Vision Research 34(11): 1509-1514.

Fite, K.V. (1973). Anatomical and behavioral correlates of visual acuity in the great
horned owl. Vision Research. 13: 219-230.

Gauthreaux, S.A., Jr. (1968). A quantitative study by radar and telescope of the vernal
migration of birds in coastal Louisiana. Ph.D. Thesis, Louisiana State University, 
University Microfilms, Ann Arbor, Michigan. Gauthreaux, S.A., Jr. (1972). Behavioral
responses of migrating birds to daylight and darkness: a radar and direct visual study.
Wilson Bulletin. 84: 136-148.

Gauthreaux, S.A., Jr. (1977). The influence of weather variables on the density of 
nocturnal migration in spring. Proceedings of the 12th Meeting of the Bird Strike
Committee Europe, Paris. WP-28.

Gauthreaux, S.A., Jr. (1978). Migratory behavior and flight patterns. pp. 12-26, in 
M. Avery, ed. Impacts of transmission lines on birds in flight. U.S. Fish and Wildlife
Service, Office of Biological Services, Washington, D.C. Rep. No. FWS/OBS-78/48.

Gauthreaux, S.A., Jr. (1982). Age-dependent orientation in migratory birds. In: Avian
Navigation. Eds. Papi and Wallraff. Springer-Verlag, Berlin, Heidelberg. 

Gauthreaux, S.A., Jr. (1991). The flight behavior of migrating birds in changing wind
fields: radar and visual analysis. American Zoologist 31: 187-204. 

Gauthreaux, S.A., Jr. (1994). Interview segment on: Songbirds. David Suzuki (host), 
The Nature of Things, CBC Television.

Graber, R.R. (1968). Nocturnal migration in Illinois – different points of view. 
Wilson Bulletin. 80: 36-71.

Granit, R. (1955). Receptors and sensory perception. New Haven, Connecticut, 
Yale University Press.

Hailman, J.P. (1967). The ontogeny of an instinct: the pecking response in chicks of
the laughing gull (Larus atricilla L.) and related species. Behaviour, Supplement 15.

Hebrard, J.J. (1971). Fall nocturnal migration during two successive overcast days.
Condor. 74: 106-107.

Herbert, A.D. (1970). Spatial disorientation in birds. Wilson Bulletin 82(4): 400-419.

Kemper, C.A. (1964). A tower for TV, 30,000 dead birds. Audubon Magazine 66: 89-
90. Kerlinger, P. and F.R. Moore. (1989). Atmospheric structure and avian migration.
In: D. Power (Ed.) Current Ornithology. Vol. 6, Plenum, New York. pp. 109-142.

Klem, D. Jr. (1979). Biology of collisions between birds and windows. Ph.D. 
dissertation. Carbondale, Southern Illinois University.

Klem, D. Jr. (1981). Avian predators hunting birds near windows. Proceedings of the
Pennsylvania Academy of Science. 55: 90-92.

Klem, D. Jr. (1989). Bird-window collisions. Wilson Bulletin 101(4): 606-620.

Klem, D. Jr. (1990). Bird injuries, cause of death, and recuperation from collisions
with windows. Journal of Field Ornithology 61(1): 115-119.

Klem, D. Jr. (1991). Glass and bird kills: an overview and suggested planning and 
design methods of preventing a fatal hazard. In: Wildlife Conservation in Metropolitan
Environments. NIUW Symposium Series 2, L.W. Adams and D.L. Leedy, eds. 
Published by the National Institute for Urban Wildlife, MD, USA. pp. 99-104.

Kumlien, L. (1888). Observation on bird migration in Milwaukee. Auk 5(3): 325-328.

Langridge, H.P. (1960). Warbler kill in the Palm Beaches. Florida Naturalist 33: 226-227.

Liechti, F. and B. Bruderer. (1995). Quantification of nocturnal bird migration 
by moonwatching: comparison with radar and infrared observations. Journal of Field
Ornithology 66(4): 457-652.

Lincoln, F.C. (1935). The waterfowl flyways of North America. (Circular 342) 
U.S. Department of Agriculture, Washington, DC. 12 pages.

Lowery, Jr., G.H. and R.J. Newman. (1966). A Continent-wide view of migration 
on four nights in October. Auk 83: 547-586.

Martin, G.R. (1977). Absolute visual threshold and scotopic spectral sensitivity 
in the tawny owl Strix aluco. Nature. 268: 636-638.

Martin, G.R. (1985). Eye. In: King A.S. McLelland J (eds.) 
Form and function in birds. vol 3. Academic Press. London. p. 311.

Martin, G.R. (1990). The visual problems of nocturnal migration. In: E. Gwinner 
(ed.) Bird Migration. Springer-Verlag Berlin Heidelberg. pp. 185-197

McAndrew, B. (1994). Office tower lights, poor cloud cover lure birds to death.
Toronto Star, Saturday, September 10, page A4.

Meier, A.H. and A.J. Fivizzani. (1980). Physiology of migration. In: Animal 
Migration, Orientation, and Navigation. S.A. Gauthreaux, Jr. (ed.) Academic Press,
New York. pp. 283-373.

Mentzer, T.L. (1966). Comparison of three models for obtaining psychophysical thresh-
olds from the pigeon. Journal of Comparative Physiology and Psychology 61: 96-101.

Moore, F.R. (1985). Integration of environmental stimuli in the migratory orientation
of the savannah sparrow (Passerculus sandwichensis). Animal Behavior 33: 657-663.

Moore, F.R. (1987). Sunset and orientation behaviour of migrating birds. 
Biological Review 62: 65-86.

36 The  Hazards  o f  Light ed  S t ru c tur e s  and Windows  t o  Migrat ing  Birds



Nisbet, I.C.T. (1963). Measurements with radar of the height of nocturnal migration
over Cape Cod, Massachusetts. Bird-Banding 34: 57-67.

Oppenheim, R.W. (1968). Colour preferences in the pecking response of newly
hatched ducks (Anas platyrhynchos). Journal of Comparative Physiology and 
Psychology Monographs, Supplement 66: 1-17.

Overing, R. (1936). The 1935 fall migration at the Washington Monument. 
Wilson Bulletin 48: 222-224.

Overing, R. (1937). The 1936 fall migration at the Washington Monument. 
Wilson Bulletin 49: 118-119.

Palmgren, P. (1994). Studien über die Tagersrhythmik gekäfigter Zugvogel. Z.
Tierpsychol. 6: 44-86.

Pirenne, M.H., F.H.C. Marriott, and E.F. O’Doherty. (1957). Individual differences in night
vision efficiency. Medical Research Council of Great Britain Special Report. Series 294.

Presti, D.E. (1985). Avian navigation, geomagnetic field sensitivity, and biogenic
magnetite. In: J.L. Kirshvink, S. Jones and B.J. MacFadden (eds.) Magnetite biominer-
alization and magnetoreception in organisms. Plenum Press, New York. p. 455.

Ranford, R.B. and J. E. Mason. (1967). Nocturnal migrant mortalities at the Toronto-
Dominion Centre. The Ontario Field Biologist 23:26-29.

Rappole, J.H. and D.W. Warner. (1976). Relationships between behaviour, physiology
and weather in avian transients at a migration stopover site. Oecologia 26: 193-212.

Reed, J. R., J. L. Sincock, and J. P. Hailman. (1985). Light attraction in endangered procel-
lariiform birds: reduction by shielding upward radiation. The Auk 102: 377-383. April.

Richardson, W.J. (1971a). Autumn migration and weather in eastern Canada: 
a radar study. American Birds 26: 10-16.

Richardson, W.J. (1971b). Spring migration and weather in eastern Canada: 
a radar study. American Birds 25: 684-690.

Richardson, W.J. (1972). Autumn migration and weather in eastern Canada: 
a radar study. American Birds 26: 10-16.

Richardson, W.J. (1978). Timing and amount of bird migration in relation to weather:
a review. Oikos 30: 224-272.

Richardson, W.J. (1982). Nocturnal landbird migration over southern Ontario
Canada: orientation vs. wind in autumn. In: Avian Navigation. Eds. Papi and Wallraff.
Springer-Verlag Berlin Heidelberg. pp. 15-27.

Richardson, W.J. (1990). Timing of bird migration in relation to weather: updated 
review. In: Bird Migration Ed. E. Gwinner. Springer-Verlag, Berlin, Heidelberg. pp.
78-101. Robbins, C.S., J.R. Sauer, R.S. Greenberg and S. Droege. (1989). Population
declines in North American birds that migrate to the neotropics. Proceedings of the
National Academy of Science 86 7658-7662.

Ross, R.C. (1946). People in glass houses should draw their shades. Condor 48(3): 142.

Rybak, E.J., W.B. Jackson, and S.H. Vessey. (1973). Impact of cooling towers on bird
migration. Proceedings of the Bird Control Seminar, Bowling Green State University.
6: 187-194.

Snyder, A.W., S.B. Laughlin, and D.G. Stavenga. (1977). Information capacity of eyes.
Vision Research 17: 1163-1175.

Snyder, L.L. (1946). “Tunnel fliers” and window fatalities. Condor 48(6): 278.

Southwood, T.R.E. (1971). Ecological methods. Chapman and Hall, London.

Stoddard, H.L. and R.A. Norris. (1967). Bird casualties at a Leon County, Florida TV
tower: an eleven-year study. Tall Timbers Research Station Bulletin No. 8, June.

Taylor, W.K. (1972). Analysis of ovenbirds killed in central Florida. 
Bird-Banding 43: 15-19.

Telfer, T.C., J.L. Sincock, G.V. Byrd, and J.R. Reed. (1987). Attraction of Hawaiian
seabirds to lights: conservation efforts and effects of moon phase. Wildlife Society 
Bulletin 15: 406-413.

Terres, J.K. (1956). Reducing airport hazards to migrating birds will help prevent
death in the night. Audubon Magazine Jan./Feb. pp. 18-20.

Transport Canada, Aviation. (1987). Standard obstruction markings. 2nd Edition, March.

Verheijen, F.J. (1958). The mechanisms of the trapping effect of artificial light sources
upon animals. Netherlands Journal of Zoology 13: 1-107.

Verheijen, F.J. (1980). The Moon: a neglected factor in studies of collisions of 
nocturnal migrant birds with tall lighted structures and with aircraft. 
Die Vogelwarte 30: 305-320.

Verheijen. F.J. (1981). Bird kills at lighted man-made structures: 
Not on nights close to full moon. American Birds 35: 251-254.

Verheijen, F.J. (1985). Photopollution: Artificial light optic spatial control systems 
fail to cope with. Incidents, causations, remedies. Experimental Biology 44: 1-18.

Weir, R.D. (1976). Annotated bibliography of bird kills at man-made obstacles: 
a review of the state of the art and solutions. Department of Fisheries and the 
Environment. Canadian Wildlife Service, Ontario Region.

Whelan, P. (1976). The bird killers. Ontario Naturalist 16(4): 15-16. Reprinted from:
The Globe and Mail, September 17, 1976.

Willet, G. (1945). Does the russet-backed thrush have defective eyesight? Condor 47: 216.

Williams, R.E., W.B. Jackson, and W.A. Peterman. (1975). Bird hazard monitoring
contract, Davis-Besse site. Semi-annual report. January. 23 pp.

Wiltschko, W., U. Munro, H. Ford, and R. Wiltschko. (1993). Red light disrupts
magnetic orientation of migratory birds. Nature 364: 525-526.

Winker, K., D.W. Warner, and A.R. Weisbrod. (1992). Northern waterthrush and
Swainson’s thrush as transients at a stopover site. pp. 384-402 In: J.M. Hagan III and
D.W. Johnston (Eds.), Ecology and Conservation of Neotropical Migrant Landbirds.
Smithsonian Institution Press, Washington, DC.

Zalakevicius, M.M. (1984). [The role of weather in determining the magnitude of 
seasonal bird migrations, based on radar studies in Lithuania.] In: Il’ichev V.D. (ed)
[Preventing bird damage to materials and technical structures.] Nauka, Moscow. 
pp. 214-219 (in Russian: English translation available from W.J. Richardson).

Ref e r en c e s    37



38 The  Hazards  o f  Light ed  S t ru c tur e s  and Windows  t o  Migrat ing  Birds

Appendix 1
Bird collision literature summary table

LOCATIONS TYPE* DATE(S) YEAR(S) No. KILLED No. SPECIES PREDOMINANT SPECIES/GROUPS REFERENCE**

Chicago building, Illinois, USA b Spring, Fall 1982-95 20697 Song Sparrow, Dark-eyed Junco, Swamp Sparrow, 

White-throated Sparrow, Hermit Thrush, Fox Sparrow, Ovenbird,

Lincoln’s Sparrow, American Tree Sparrow, Tennessee Warbler

3 Mile Isle, PA, USA 4s July-May 1973 64 Vireo, Kinglet, Warbler 504

WJBF-TV, Aiken, SC, USA t Sept 7 1962 400 32 Red eyed Vireo 766

Albany, NY airport ceilometer, USA c Sept 15-16 1956 313 25 269 (86%) Warbler, 128 (41%) Bay-breasted Warbler, 

44 (14%) Magnolia Warbler, Vireo 77

Alleman, Iowa, USA t Sept 7-8 1972 726 406 (40%) Warbler 420

Atlanta & Marietta, GA, USA c Sept 1955 500 Warbler, Swainson’s Thrush, Red-eyed Vireo 158

Baltimore, MA, USA t Sept 11-12 1964 1032 37 300 (29%) Ovenbird 669

Barrie, ON, CAN t Fall 1974 4900 1000  (20%) Bay-breasted Warbler, 900 (18%) Ovenbird 337

Bay of Fundy, Northeastern maritime, CAN l Fall 1963 488 Warbler 53

Beverly, Ohio, USA s Fall 1970 68 Warbler 309

Blue Ridge Park Lodge, NC, USA b Sept 7 1950 200 23 44 (22%) Ovenbird Chat (1951) 15(1)

Boston, USA 2t Sept 19-20 1958 300 Warbler, Vireo 63

Boylston, MA, USA t Sept 1971 158 29 134 (85%) Warbler, 95 (60%) Blackpoll Warbler 62

Boylston, MA, USA t Fall 1970 350 29 266 (76%) Warbler 61

Brunswick, USA o Sept 8-9 1954 500-1000 13 Swainson’s Thrush 621

Buffalo, NY, USA 3t Aug 25-Nov 12 1978 359 51 44 (15%) Blackpoll Warbler, 36 (10%) Ovenbird, 

35 (10%) Swainson’s Thrush, 25 (7%) Red-eyed Vireo 892

Buffalo, NY, USA 3t Sept 21-Sept 30 1974 651 Warbler 169

Buffalo, NY, USA b Fall 1973 15 Yellow-bellied Sapsucker 651

Buffalo, NY, USA 3t Oct 11 1970 534 46 105 (20%) Yellow-rumped Warbler, 

63 (12%) Black-throated Blue Warbler 775

Cape Scoh, Vancouver Is, BC, CAN l May 2-3 1972 57 5 30 (35%) Savannah Sparrow, 19 (33%) Fox Sparrow 324

Carolinas, USA 4t,2c Sept 6-8 1962 4189 61 American Redstart, Ovenbird, Vireo 5

Cedar Rapids, IA, USA t Aug 1963 Thrush, Warbler 585

Chapel Hill, NC, USA t 5 days in Fall 1956 2500 40 Warbler, Thrush Chat (1957) Mar

Chapel Hill, NC, USA t Sept 28-29 1956 2500 Warbler 159

Charleston, NC, USA c,t Oct 7 1954 1000+E18 24 Warbler, Common Yellowthroat Chat (1954) 18(4)

Charleston, SC, USA t Sept 7-8 1962 Red-eyed Vireo, Ovenbird, American Redstart 766

Charlotte, NC, USA c Sept 25 1955 114 23 23 (20%) Ovenbird, 20 (17.5%) Red-eyed Vireo Chat (1956) Mar

Charlotte, NC, USA c Sept 1955 112 Swainson’s Thrush, Red-eyed Vireo, Warbler 158

Atlanta & Marietta, GA, USA c Sept 1955 500 Swainson’s Thrush, Red-eyed Vireo, Warbler 158

Charlotte, NC, USA c Sept 25 1956 114 24 Red-eyed Vireo, Ovenbird 553

CHRE-TV, Regina, SK, CAN t Aug 30-31 1965 172 Warbler 90

CKCK-TV, Regina, SK, CAN t Aug 30-31 1965 227 Warbler 90

CKVR-TV, Barrie, ON, CAN t Fall 1975 175 Bay-breasted Warbler, Ovenbird, Red-eyed Vireo, 

Chestnut-sided Warbler, 414 (10%) Red-eyed Vireo, 

313 (8%) Chestnut-sided Warbler 840

CKVR-TV, Barrie, ON, CAN t 1960-73 4282 75 668 (16%) Ovenbird, 437 (10%) Bay-breasted Warbler 841

Columbia, MN, USA t Sept 20-21 1963 941 Red-eyed Vireo, Ovenbird 585
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LOCATIONS TYPE* DATE(S) YEAR(S) No. KILLED No. SPECIES PREDOMINANT SPECIES/GROUPS REFERENCE**

Dallas, TX, USA t Oct 22 1960 11 1 Yellow Rail 85

Davenport, IA, USA t Sept 19-20 1960 281 25 Thrush, Warbler 506

Davis-Besse Nuclear Power Plant, OH, USA s,o Sept 1-Oct 22 1976 207 35 118 (57%) Warbler, 54 (26%) Kinglet, 6 (3%) Finch 370

Davis-Besse Nuclear Power Plant, OH, USA s,o Spring 1977 48 21 15 (31%) Warbler, 9 (18%) Vireo, 5 (10%) Finch 371

Davis-Besse Nuclear Power Plant, OH, USA s,o Fall 1977 151 25 98 (65%) Warbler, 17 (11%) Kinglet, 7 (5%) Finch 371

Davis-Besse Nuclear Power Plant, OH, USA b,s Fall 1975 155 35 88 (57%) Warbler, 32 (21%) Kinglet, 15 (10%) Finch 745

Davis-Besse Nuclear Power Plant, OH, USA b,s,o Apr 14-Jun 6 1976 62 31 34 (55%) Warbler, 7 (11%) Finch, 5 (8%) Kinglet 746

Davis-Besse Nuclear Power Plant, OH, USA b,s,o Apr 27-Jun 1 1974 176 45 121 (69%) Warbler, 14 (8%) Finch, 9 (5%) Vireo 836

Davis-Besse Nuclear Power Plant, OH, USA b,s,o Aug-Nov 1975 342 47 178 (52%) Warbler, 92 (27%) Kinglet 837

Davis-Besse Nuclear Power Plant, OH, USA b,s,o Apr 6-Jun 1 1975 57 29 20 (35%) Warbler, 9 (16%) Kinglet, 9 (16%) Finch 838

Davis-Besse Nuclear Power Plant, OH, USA s,o Apr 10-May 24 1978 78 30 54 (69%) Warbler, 13 (17%) Common Yellowthroat

10 (13%) Red-eyed Vireo, 9 (12%) Black-and-white Warbler 1021

Davis-Besse Nuclear Power Plant, OH, USA s,o Sept 15-Oct 1978 71 22 43 (61%) Warbler, 10 (14%) Bay-breasted Warbler,

6 (8%) Ruby-crowned Kinglet, 6 (8%) Common Yellowthroat 1021

Davis-Besse Nuclear Power Plant, OH, USA s,o 1972-73 157 Warbler, Kinglet 1029

Davis-Besse Nuclear Power Plant, OH, USA s,o Fall 1974 342 53 (16%) Golden Crowned Kinglet, 39 (11%) Magnolia Warbler,

38 (11%) Ruby-crowned Kinglet 1029

Dayton, OH, USA t Sept 20 1966 305 49 Red-eyed Vireo, Golden-crowned Kinglet, Ovenbird 590

Des Moines, IA, USA t Sept 11-12 1974 1500 750 (50%) Red-eyed Vireo 415

Destruction Is, USA l Mar 31-Aug 3 1916 149 Leach’s storm-petrel 380

Eastern USA 25 (t,c,b) Oct 5-8 1957 100000 88 Ovenbird, Magnolia Warbler, Red-eyed Vireo,

Chestnut-sided Warbler 389

WEAU-TV, Eau Clair, WI, USA t Fall 1957 1525 40 Warbler 404

WEAU-TV, Eau Clair, WI, USA t Sept 19-20 1957 2972 42 Warbler 116

Elmira, NY, USA t Fall 1966 270 Ovenbird 644

Elmira, NY, USA t Fall 1969 300 Bay-breasted Warbler 647

Elmira, NY, USA t Aug 29-31 1972 540 55 Warbler 649

Elmira, NY, USA t Sept 19 1975 800 40 198 (25%) Bay-breasted Warbler, 78 (9.8%) Ovenbird

110 (14%) Magnolia Warbler 411

Empire State Building, NY, USA b Oct 1954 100 Blackpoll Warbler 224

Empire State Building, NY, USA o Oct 19 1955 156 17 103 (66%) Yellow-rumped Warbler 542

Erie County, NY, USA 3t Aug 10-Nov 11 1977 1397 50 168 (12%) Bay-breasted Warbler, 154 (11%) Ovenbird,

112 (8%) Magnolia Warbler 172

Fire Is, Long Island, NY, USA l Spring 1883 517 27 235 (45%) Blackpoll Warbler 214

Fire Is, Long Island, NY, USA l Sept 23 1887 595 25 356 (60%) Blackpoll Warbler 215

FL, USA b,t,o Oct 1964 4707 37 4646 (99%) Warbler 154

FL, USA 5t, 3b Apr-May 1971 2500 42 Warbler 394

FL, USA t Fall 1972 1347 49 1199 (89%) Warbler 744

GA, USA l Sept 23-24 1924 176 23 Ovenbird 79

Grand Bahama Is, USA 2t Oct 21-22 1966 136 22 Gray-cheeked Thrush, Blackpoll Warbler 401
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LOCATIONS TYPE* DATE(S) YEAR(S) No. KILLED No. SPECIES PREDOMINANT SPECIES/GROUPS REFERENCE**

Great Duck Is, Lake Huron,ON, CAN l Sept 17-26 1977 5900 62 3009 (51%) Thrush, 2360 (40%) Warbler, 

1947 (33%) Swainson’s Thrush,

944 (16%) Gray-cheecked Thrush, 826 (14%) Ovenbird,

354 (6%) Sparrow, 236 (4%) Vireo FON Letter

Indian River, FL, USA b, o Oct 6 1964 4707 37 4613 (98%) Warbler, 1365 (29%) Common Yellowthroat,

329 (7%) Blackpoll Warbler 193

Jacksonville, FL, USA 2t Oct 6-8 1964 2000 1900 (95%) Warbler, 273 (14%) Blackpoll Warbler 193

Jacksonville, USA t Sept 28-Oct 22 1970 146 Warbler 633

Jacksonville, USA 2t Sept 2-3 1967 174 Ovenbird 635

KCMO-TV, KS, MO, USA t Oct 14-15 1975 67 23 (34%) Mourning Dove 289

Knoxville, TN, USA c Fall 1954 267 80 (30%) Ovenbird 124

KOMU-TV, Columbia, MO, USA t Oct 5 1954 1887 63 354 (19%) Common Yellowthroats, 313 (17%) Gray Catbird 290

KROC-TV, Ostrander, MN, USA t 1961-62, 1972-74 3507 84 619 (18%) Northern Waterthrush, 516 (15%) Red-eyed Vireo 729

KTOL-TV, Coweta, OK, USA t Oct 9 1974 117 28 64 (55%) Nashville Warbler 554

Kupreonof Strait, AK, USA o Jan 16 1977 1000 1 Crested Auklet 203

Lawrence, KS, USA t Jan 1969 19 19 (100%) Thrush and Sparrow 545

Lennox Power Plant, Barrie, s, 2t Fall 1974 7550 1359 (18%) Bay-breasted Warbler, 1129 (15%)

London TV ON, CAN Red-eyed Vireo, 1038 (14%) Ovenbird, 

920 (12%) Magnolia Warbler 283

Lennox, ON Hydro, ON, CAN s 1970-77 4656 69 705 (15%) Red-eyed Vireo, 705 (15%) Magnolia Warbler, 

553 (12%) Common Yellowthroat, 405 (9%) Ovenbird, 

335 (7%) Bay-breasted Warbler 884

London, ON, CAN t Sept 13-14 1970 Ovenbird, Warbler 279

Long Point, ON, CAN l Fall 1977 1411 48 212 (15%) Blackpoll Warbler, 155 (11%) Bay-breasted Warbler, 

127 (9%) Magnolia Warbler, 113 (8%) Common Yellowthroat, 

113 (8%) Swainson’s Thrush 172

Long Point, ON, CAN l Fall and Spring 1960-69 6800 101 1156 (17%) Ovenbird, 1020 (15%) Swainson’s Thrush 114

Long Point, ON, CAN l May 19-20 1960 56 Warbler 135

Long Point, ON, CAN l May 17-18 1977 422 37 Ovenbird, Swainson’s Thrush, Veery, Common Yellowthroat 285

Long Point, ON, CAN l Apr 12-13 1964 Finch 361

Long Point, ON, CAN l Sept 7,9,24-29 1929 2060 55 254 (12%) Common Yellowthroat, 236 (11%) Blackpoll Warbler, 

176 (9%)Red-eyed Vireo, 168 (8%) Swainson’s Thrush, 

153 (7%) Gray-cheeked Thrush, 146 (7%) Ovenbird 656

Long Point, ON, CAN l May 17-20 1963 302 Swainson’s Thrush, Veery 844

Laughlin Air Force Base, TX, USA c Sept 27 1962 6000 4200 (70%) Mourning Dove 328

Laughlin Air Force Base, Del Rio,USA c Sept 27 1962 6000 4200 Mourning Dove 792

Madison, WI, USA 4t Sept 23-24 1968 493 33 Thrush, Warbler, Warbler 677

Magnolia, Larue County, USA b Sept 25 1962 270 30 Swainson’s Thrush, Ovenbird, Bay-breasted Warbler 144

Maryland State Office Centre Building b 1976-77 53 Thrush, Warbler, Sparrow 944

Maryville, MO, USA 3 t Sept 5-Nov 16 1972 71 33 Sparrow 69

MI, USA 7t 1959-64 Thrush, Warbler 141

Mitchell Field, Long Island, NY, USA o Oct 1954 230 Blackpoll Warbler 224
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LOCATIONS TYPE* DATE(S) YEAR(S) No. KILLED No. SPECIES PREDOMINANT SPECIES/GROUPS REFERENCE**

Moosejaw, SK, CAN t Sept 22 1959 33 13 Yellow-rumped Warbler, Orange-crowned Warbler 426

Nanticoke, ON Hydro, ON, CAN s 1970-77 5088 72 969 (19%) Magnolia Warbler, 616 (12%) Red-eyed Vireo,

499 (10%) Ovenbird, 499 (10%) Common Yellowthroat, 

370 (7%) Bay-breasted Warbler 884

Nashville, TN, USA c Sept 10 1948 300 33 95 (32%) Red-eyed Vireo 694

NY, USA 2t Oct 2-3 1959 110 Warbler, Vireo 663

NS, CAN l Oct 17-18 1966 115 1 115 (100%) Blackpoll Warbler 24

Olney, IL, USA t Sept 22 1978 622 36 498 (80%) Warbler 951

Omega Tower, LaMoure, ND, USA t Spring 1973 1417 51 Finch 38

Omega Tower, LaMoure, ND, USA t Spring 1972 255 58 Finch 39

Omega Tower, LaMoure, ND, USA t Fall 1972 226 66 Warbler 39

Omega Tower, LaMoure, ND, USA t Fall and Spring 1971-73 937 102 Warbler, Vireo 42

Omega Tower, LaMoure, ND, USA t Fall 1971 152 41 Warbler, Vireo 25

ON, CAN 53(t,l,b) Fall 1961 1115 57 156 (14%) Ovenbird, 99 (8.9%) Chestnut-sided Warbler,

91 (8.2%) Bay-breasted Warbler, 91 (8.2%) Red-eyed Vireo 64

ON, CAN 7(t,l,b) Fall 1962 3446 66 Thrush,Warbler,Vireo 65

ON, CAN 7(t,l,b) Fall 1963 1190 71 Thrush, Warbler, Vireo 66

Orion, IL, USA t Oct 6-7 1959 88 Swainson’s Thrush, Warbler 505

Pensacola, FL, USA l Oct 26-27 1925 29 29 (100%) Yellow-rumped Warbler 134

Philadelphia City Hall, Philadelphia, USA b May 21-22 1915 100 Common Yellowthroat 190

Philadelphia,USA b,t Sept 11 1948 Warbler 603

Portland, ME, USA c Sept 16-17 1958 198 28 American Redstart, Blackpoll Warbler, Bay-breasted Warbler 571

Power Plant, Cheshire, OH, USA s Sept 30 1973 2000 Warbler, Vireo 720

Prudential Centre, Boston, MA, USA b May 4 1968 100 White-throated Sparrow 227

Prudential Centre, Boston, MA, USA b May 2-3 1973 80 White-throated Sparrow 239

S. Atlantic coast, USA o,t,c,b Oct 1954 Ovenbird, Red-eyed Vireo 156

S. Erie County, NY, USA 3t Fall 1967-71 4094 82 450 (11%) Ovenbird, 409 (10%) Golden Crowned Kinglet, 

287 (7%) Blackpoll Warbler, 287 (7%) Gray-cheeked Thrush, 

246 (6%) Vireo 167

Sherco Stack, Sherburne County, Becker, MN, USA s Apr 1-Dec 21 1977 69 26 Warbler, Vireo Ann. Rpt.

Sherco Stack, Sherburne County, Becker, MN, USA s May 5-Nov 1 1978 49 20 28 (57%) Warbler, 17 (35%) Vireo, 3 (6%) Flycatcher Ann. Rpt.

Sherco Stack, Sherburne County, Becker, MN, USA s May 1-Nov 2 1979 72 23 Warbler, Vireo Ann. Rpt.

South Bend, IN, USA t Sept 27 1959 49 Swainson’s Thrush, Warbler 505

Springfield, USA o Sept 19-21 1958 200 Warbler, Vireo 63

TD Centre, Toronto, ON, CAN 2b Fall 1967-69 470 64 White-throated Sparrow, Common Yellowthroat 615

TN, USA o,b Sept, Oct 1965 1915 Thrush, Ovenbird 659

Three Mile Isle Nuclear Station 4s 1973-74 37 14 (39%) Kinglet, 11 (30%) Warbler, 10 (28%) Vireo 1042

Topeka Tower, KS, USA t Oct 7 1967 800 43 240 (30%) Nashville Warbler 152

Topeka, KS, USA t Fall 1955 16 2 15 (94%) Mourning Warbler, 1 (6%) Connecticut Warbler 83

Various 26(t,c) 16118 2498 (15.5%) Ovenbird, 1950 (12.1%) Tennessee Warbler,

1418 (8.8%) Red-eyed Vireo, 1418 (8.8%) Magnolia Warbler 259

Vero Beach, USA t Sept 28-Oct 22 1970 31 Warbler 633
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LOCATIONS TYPE* DATE(S) YEAR(S) No. KILLED No. SPECIES PREDOMINANT SPECIES/GROUPS REFERENCE**

Warner Robins Air Force Base, GA, USA o Oct 7-8 1954 50000 Oriole 20: 17-26

Washington Monument, Washington D.C., USA o Fall 1935 246 33 Red-eyed Vireo, Warbler 566

Washington Monument, Washington D.C., USA o Fall 1938 945 43 Red-eyed Vireo, Common Yellowthroat, Magnolia Warbler 568

WBAL-TV , Baltimore, MD, USA t Sept 28 1970 1965 43 489 (25%) Ovenbird, 410 (21%) Red-eyed Vireo 671

WBAL-TV , Baltimore, MD, USA t Sept 28-29 1973 180 Warbler 673

WBAL-TV , Baltimore, MD, USA t Sept 27-28 1970 1800 41 435 (24%) Ovenbird, 391 (22%) Red-eyed Vireo, 

148 (8%) Black and White Warbler, 

115 (6%) Common Yellowthroat, 81 (5%) Magnolia Warbler

WBAL-TV , Baltimore, MD, USA t Fall and Spring 1964-66 3595 74 899 (25%) Ovenbird, 468 (13%) Black-and-white Warbler, 

395 (11%) Magnolia Warbler 136

WBDO-TV, Orlando, FL, USA t Sept 28-Oct 22 1970 2790 51 Warbler 633

WCIX-TV, Homestead, USA t Sept 28-Oct 22 1970 300 Warbler 633

WCSH-TV, Sebago, USA t Aug 12-13 1973 300 Warbler, Thrush 292

WCTU-TV, Tallahassee,USA t Apr 7 1962 249 Red-eyed Vireo 578

WCTV-TV Tower, Leon County, FL, USA t Sept 1963 735 81 (11%) Bobolink 191

WCTV-TV Tower, Leon County, FL, USA t Mar 12 1964 709 335 (47%) Yellow-rumped Warbler 713

WCTV-TV Tower, Leon County, FL, USA t 1973-75 3864 109 896 (23%) Red-eyed Vireo, 219 (6%) Ovenbird,

159 (4%) Common Yellowthroat, 140 (4%) Magnolia Warbler 899

WCTV-TV, Tallahassee, USA t Sept 28-Oct 22 1960 237 53 Warbler 633

WCTV-TV, Tallahassee, USA t Nov 1960 384 230 (60%) Sparrow 637

WEAU-TV, Eau Clair, WI, USA t Oct 18-19 1968 145 Kinglet, Warbler 629

WECT & WWAY-TV, SE NC, USA 2t 1971-77 7270 1023 (14%) Common Yellowthroat, 925 (13%)

American Redstart, 865 (12%) Ovenbird, 701 (10%) 

Red-eyed Vireo, 549 (8%) Black-and-white Warbler 888

WECT-TV, NC, USA t Fall 1971-72 3070 84 Warbler, Sparrow, Thrush, Vireo, 583 (19%) 

Common Yellowthroat, 288 (9.4%) Black-throated Blue Warbler, 

267 (8.7%) Ovenbird, 218 (7.1%) Yellow-rumped Warbler, 163 

(5.3%) Gray Catbird Chat (1976) 140(1)

WEHN-TV, Deerfield, NH, USA t Oct 13-14 1959 130 74 (57%) Ruby-crowned Kinglet 661

West Brands, IA, USA t Fall 1970 58 16 Kinglet, 14 (24%) Nashville Warbler, 9 (16%) 

Ruby-crowned Kinglet, 8 (14%) Yellow-rumped Warbler, 7 (12%) 

Golden-crowned Kinglet 1022

Westhampton Air Force Base, NY, USA o Oct 1954 2000 Blackpoll Warbler 224

Westhampton, Long Island, NY, USA c Oct 5-6 1950 2000 49 Blackpoll Warbler 541

WFMJ-TV, Youngstown,OH, USA t Sept 18-27 1975 1057 39 Warbler, 317 (30%) Ovenbird 78

WFMS-TV, Youngstown, OH, USA t Sept 1977 315 Bay-breasted Warbler, Blackpoll Warbler 873

WHEN-TV, Syracuse, NY, USA t Sept 18-19 1959 45 Thrush,Vireo, Warbler 662

WHIO-TV, Dayton, OH, USA t Sept 9-Nov 15 1967 348 45 Red-eyed Vireo, Warbler 591

WHNT-TV, Huntsville, USA t Sept 30-Oct 31 1976 42 18 27 (64%) Warbler 896

Winston-Salem, NC, USA c Oct 7 1954 190 21 57 (30%) Ovenbird, 29 (15%) Tennessee Warbler, 

25 (13%) Red-eyed Vireo Chat (1954) 18 (4)
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LOCATIONS TYPE* DATE(S) YEAR(S) No. KILLED No. SPECIES PREDOMINANT SPECIES/GROUPS REFERENCE**

WIS-TV Tower, Columbia, SC, USA t Sept 29, Oct 2 1969 500 20 Warbler, Thrush, Vireo, Common Yellowthroat, 

Magnolia Warbler 165

WJBF-TV, Aiken, SC, USA t Sept 6-7 1962 200 32 48 (24%) Swainson’s Thrush Chat (1963), Mar.

WJBF-TV, Aiken, SC, USA t Sept 6-7 1962 400 32 239 (60%) Red-eyed Vireo 601

WMC-TV, Memphis, TN, USA t May 7-8 1961 19 11 Warbler,Vireo 176

WMC-TV, Memphis, TN, USA t May 11 1964 99 21 58 (58%) Red-eyed Vireo 176

WPSK-TV, Clearfield Co, PA, USA t Oct 8-Nov 8 1969 75 Brown Creeper, Kinglet, Warbler 1039

WSM & WNGE-TV, Nashville, TN, USA 2t Fall 1976 406 43 63 (16%) Ovenbird, 

61 (15%) Tennessee Warbler, Magnolia Warbler,

Bay-breasted Warbler 920

WSM & WSIX-TV, Nashville, TN, USA 2t Sept 28 1971 3560 Warbler, 845 (24%) Tennessee Warbler, (18%) 631 Ovenbird,

429 (12%) Black-and-white Warbler, 

420 (12%) Magnolia Warbler 452

WSM-TV, Nashville, TN, USA t May 14-15 1967 160 12 115 (72%) Blackpoll Warbler 448

WSM-TV, Nashville, TN, USA t Sept 25-26 1968 5408 4380 (81%) Warbler 450

WSYE-TV, Elmira, NY, USA t Sept 29-Oct 4 1963 200 36 Warbler 342

WSYE-TV, Elmira, NY, USA t Fall 1968 260 30 Warbler 346

WSYE-TV, Elmira, NY, USA t Sept 27-29 1973 465 39 Warbler 351

WSYE-TV, Elmira, NY, USA t Sept 21-22 1974 844 246 (29%) Bay-breasted Warbler 352

WSYE-TV, Elmira, NY, USA t Fall 1977 3874 48 1227 (32%) Bay-breated Warbler, Magnolia Warbler, 

311 (8%) Ovenbird, 218 (6%) Swainson’s Thrush 353

Youngstown, OH, USA t Fall 1975 1050 305 (29%) Ovenbird 27

Bold indicates where number given is an estimate or a minimum

*Type refers to type of structure: s = stack (no windows), t = TV tower, b = building with windows, c = ceilometer, l = lighthouse, o = other structure.

** Numbered references refer to Avery et. al (1980) bibliography.
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Appendix 2
List of species recorded by FLAP (1993-1995) and their population status in Ontario and Canada 

according to the Canadian Breding Bird Survey (BBS), the Forest Bird Monitoring Program (FBMP) and the 

Committee on the Status of Endangered Wildlife in Canada (COSEWIC)1

SPRING FALL SPRING & Status Status Status Proport- Proport-

FALL (BBS) (BBS) (FBMP) ion of ion of

1966-942 1966-942 1988-19942 total total 

spring & fall

SPECIES SCIENTIFIC NAME Dead Total3 Dead Total3 Dead Total3 S. Ont. Canada Ontario deaths recorded

Ovenbird Seiurus aurocapillus 232 504 203 399 435 903 + * 0.20 0.17

White-throated Sparrow Zonotrichia albicollis 233 707 193 425 426 1132 * 0.19 0.21

Common Yellowthroat Geothlypis trichas 36 113 82 265 118 378 0.05 0.07

Magnolia Warbler Dendroica magnolia 18 37 96 166 114 203 0.05 0.04

Hermit Thrush Catharus guttatus 36 97 48 133 84 230 + + ND 0.04 0.04

Black-throated Blue Warbler Dendroica caerulescens 6 27 69 105 75 132 ND + 0.03 0.02

Brown Creeper Certhia americana 48 181 17 56 65 237 ND 0.03 0.04

Black-and-white Warbler Mniotilta varia 13 34 44 90 57 124 + 0.03 0.02

American Redstart Setophaga ruticilla 8 17 40 68 48 85 0.02 0.02

Wood Thrush Hylocichla mustelina 27 52 13 23 40 75 0.02 0.01

Golden-crowned Kinglet Regulus satrapa 10 19 25 42 35 61 ND * 0.02 0.01

Dark-eyed Junco Junco hyemalis 21 88 12 40 33 128 ND 0.02 0.02

Song Sparrow Melospiza melodia 8 21 20 49 28 70 * 0.01 0.01

Yellow-bellied Sapsucker Sphyrapicus varius 20 37 8 23 28 60 0.01 0.01

Chestnut-sided Warbler Dendroica penslyvanica 4 5 21 38 25 43 0.01 0.00

Nashville Warbler Vermivora ruficapilla 4 5 20 40 24 45 0.01 0.00

Northern Flicker Colaptes auratus 12 22 12 21 24 43 * * 0.01 0.00

American Woodcock Scolopax minor 18 30 6 10 24 40 ND 0.01 0.00

Lincoln’s Sparrow Melospiza lincolnii 8 21 12 42 20 63 ND + ND 0.00 0.01

Swamp Sparrow Melospiza georgiana 10 17 10 18 20 35 0.00 0.00

Ruby-crowned Kinglet Regulus calendula 12 31 7 18 19 49 ND ND 0.00 0.00

Northern Waterthrush Seiurus noveboracensis 7 20 11 25 18 45 0.00 0.00

White-crowned Sparrow Zonotrichia leucophrys 5 10 13 20 18 30 ND ND 0.00 0.00

Yellow-rumped Warbler Dendroica coronata 3 5 14 21 17 26 + 0.00 <0.01

Blackburnian Warbler Dendroica fusca 0 2 15 22 15 24 ND 0.00 <0.01

Black-capped Chickadee Parus atricapillus 1 1 14 15 15 16 + + 0.00 <0.01

Gray Catbird Dumetella carolinensis 5 18 9 23 14 41 * 0.00 0.00

Swainson’s Thrush Catharus ustulatus 5 12 9 14 14 26 ND 0.00 <0.01

Ruby-throated Hummingbird Archilochus colubris 0 1 14 18 14 19 0.00 <0.01

Winter Wren Troglodytes troglodytes 3 16 10 30 13 46 + 0.00 0.00

Mourning Warbler Oporornis philadelphia 2 3 11 29 13 32 + + 0.00 0.00

Wilson’s Warbler Wilsonia pusilla 1 2 11 25 12 27 ND ND 0.00 <0.01

Bay-breasted Warbler Dendroica castanea 0 4 12 22 12 26 ND ND 0.00 <0.01

Red-eyed Vireo Vireo olivaceus 1 1 10 16 11 17 + 0.00 <0.01

Rose-breasted Grosbeak Pheucticus ludovicianus 7 10 4 5 11 15 0.00 <0.01

Canada Warbler Wilsonia canadensis 4 6 5 15 9 21 <0.01 <0.01

Pine Warbler Dendroica pinus 1 1 8 19 9 20 ND + <0.01 <0.01
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SPRING FALL SPRING & Status Status Status Proport- Proport-

FALL (BBS) (BBS) (FBMP) ion of ion of

1966-942 1966-942 1988-19942 total total 

spring & fall

SPECIES SCIENTIFIC NAME Dead Total3 Dead Total3 Dead Total3 S. Ont. Canada Ontario deaths recorded

Black-throated Green Warbler Dendroica virens 2 4 6 15 8 19 + + <0.01 <0.01

Fox Sparrow Passerella iliaca 3 5 4 6 7 11 ND ND <0.01 <0.01

White-breasted Nuthatch Sitta carolinensis 0 0 7 7 7 7 <0.01 <0.01

Eastern Wood-Pewee Contopus virens 4 6 2 5 6 11 * <0.01 <0.01

Red-breasted Nuthatch Sitta canadensis 0 1 6 9 6 10 + <0.01 <0.01

Brown Thrasher Toxostoma rufum 5 20 0 1 5 21 * * ND <0.01 <0.01

Virginia Rail Rallus limicola 0 5 4 10 4 15 ND ND <0.01 <0.01

Connecticut Warbler Oporornis agilis 0 2 4 8 4 10 ND ND <0.01 <0.01

Cape May Warbler Dendroica tigrina 1 2 3 4 4 6 ND + ND <0.01 <0.01

Palm Warbler Dendroica palmarum 0 0 7 10 7 10 ND ND <0.01 <0.01

Grasshopper Sparrow Ammodramus savannarum 3 3 1 2 4 5 ND <0.01 <0.01

Blue Jay Cyanocitta cristata 0 0 4 4 4 4 + <0.01 <0.01

Mourning Dove Zenaida macroura 3 3 1 1 4 4 + + <0.01 <0.01

Philadelphia Vireo Vireo philadelphicus 0 1 3 8 3 9 ND ND <0.01 <0.01

Eastern Phoebe Sayornis phoebe 0 0 3 8 3 8 <0.01 <0.01

Least Flycatcher Empidonax minimus 2 3 1 1 3 4 * <0.01 <0.01

Veery Catharus fuscescens 1 8 1 1 2 9 * * <0.01 <0.01

Northern Parula Parula americana 0 0 2 6 2 6 ND ND <0.01 <0.01

American Tree Sparrow Spizella arborea 0 1 2 4 2 5 ND ND <0.01 <0.01

Orange-crowned Warbler Vermivora celata 0 0 2 5 2 5 ND ND <0.01 <0.01

Blackpoll Warbler Dendroica striata 0 0 2 4 2 4 ND * ND <0.01 <0.01

Chimney Swift Chaetura pelagica 1 2 1 1 2 3 * ND <0.01 <0.01

Scarlet Tanager Piranga olivacea 1 2 1 1 2 3 <0.01 <0.01

Yellow-bellied Flycatcher Empidonax flaviventris 0 1 2 2 2 3 ND <0.01 <0.01

Eastern Meadowlark Sturnella magna 2 2 0 0 2 2 * * ND <0.01 <0.01

Yellow Warbler Dendroica petechia 1 1 1 1 2 2 + + + <0.01 <0.01

Whip-poor-will Caprimulgus vociferus 0 3 1 9 1 12 ND ND <0.01 <0.01

Tennessee Warbler Vermivora peregrina 0 2 1 9 1 11 ND ND <0.01 <0.01

House Wren Troglodytes aedon 0 4 1 3 1 7 + <0.01 <0.01

American Robin Turdus migratorius 1 4 0 0 1 4 + + <0.01 <0.01

Cedar Waxwing Bombycilla cedrorum 0 0 1 4 1 4 + + * <0.01 <0.01

Rufous-sided Towhee Pipilo erythrophthalmus 0 0 1 3 1 3 * <0.01 <0.01

Savannah Sparrow Passerculus sandwichensis 1 1 0 2 1 3 * ND <0.01 <0.01

Field Sparrow Spizella pusilla 1 1 0 1 1 2 * <0.01 <0.01

Gray-cheeked Thrush Catharus minimus 0 0 1 2 1 2 ND ND <0.01 <0.01

Great Crested Flycatcher Myiarchus crinitus 1 1 0 1 1 2 <0.01 <0.01

Indigo Bunting Passerina cyanea 0 0 1 2 1 2 <0.01 <0.01

Purple Finch Carpodacus purpureus 0 1 1 1 1 2 + * <0.01 <0.01
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SPRING FALL SPRING & Status Status Status Proport- Proport-

FALL (BBS) (BBS) (FBMP) ion of ion of

1966-942 1966-942 1988-19942 total total 

spring & fall

SPECIES SCIENTIFIC NAME Dead Total3 Dead Total3 Dead Total3 S. Ont. Canada Ontario deaths recorded

American Goldfinch Carduelis tristis 0 0 1 1 1 1 <0.01 <0.01

Blue-winged Warbler Vermivora pinus 1 1 0 0 1 1 ND ND ND <0.01 <0.01

Eastern Screech-Owl Otus asio 1 1 0 0 1 1 ND ND ND <0.01 <0.01

Evening Grosbeak Coccothraustes vespertinus 0 0 1 1 1 1 ND <0.01 <0.01

American Black Duck Anas rubripes 0 2 0 0 0 2 ND <0.01 <0.01

Pied-billed Grebe Podilymbus podiceps 1 1 0 0 1 1 * ND <0.01 <0.01

Red-winged Blackbird Agelaius phoeniceus 0 0 1 1 1 1 <0.01 <0.01

House Sparrow Passer domesticus 0 2 0 1 0 3 * ND 0 <0.01

Baltimore Oriole Icterus galbula 0 2 0 0 0 2 0 <0.01

Sora Porzana carolina 0 0 0 2 0 2 ND ND 0 <0.01

Brown-headed Cowbird Molothrus ater 0 0 0 1 0 1 * * 0 <0.01

Chipping Sparrow Spizella passerina 0 1 0 0 0 1 0 <0.01

Clay-colored Sparrow Spizella pallida 0 1 0 0 0 1 ND * ND 0 <0.01

Golden-winged Warbler Vermivora chrysoptera 0 1 0 0 0 1 ND + ND 0 <0.01

Hairy Woodpecker Picoides villosus 0 1 0 0 0 1 + 0 <0.01

Hooded Warbler Wilsonia citrina 0 0 0 1 0 1 T/ND ND ND 0 <0.01

House Finch Carpodacus mexicanus 0 1 0 0 0 1 + + ND 0 <0.01

Killdeer Charadrius vociferus 0 1 0 0 0 1 * ND 0 <0.01

Le Conte’s Sparrow Ammodramus leconteii 0 0 0 1 0 1 ND ND 0 <0.01

Mallard Anas platyrhynchos 0 1 0 0 0 1 + ND 0 <0.01

Marsh Wren Cistothorus palustris 0 0 0 1 0 1 ND + ND 0 <0.01

Rock Dove Columba livia 0 1 0 0 0 1 ND 0 <0.01

Solitary Vireo Vireo solitarius 0 1 0 0 0 1 ND + + 0 <0.01

Yellow-breasted Chat Icteria virens 0 0 0 1 0 1 V/ND ND ND 0 <0.01

Northern Saw-whet Owl Aegolius acadicus 1 1 0 0 1 1 ND ND ND <0.01 <0.01

Total number of species = 100

Column total 866 2243 1221 2562 2075 4847

1 Nine bats were also recorded, of which several were identified as silver-haired bats (Lasionycteris noctivagans), a species known to be migratory.
2 * Denotes species with significant declining population trends.

+ denotes species with significant increasing trends.

(source: Downes, C..M, and Collins, B.T. 1996. The Canadian Breeding Bird Survey, 1996-1994. CWS Progress Notes no.210. and the Forest Bird Monitoring Program, 1988-1994, 

Mike Cadman, personal communication).

T Denotes a species which is threatened according to The Committee on the Status of Endangered Wildlife in Canada (COSEWIC).
“Threatened” is defined as a species likely to become endangered in Canada if the factors affecting its vulnerability are not reversed.

V Denotes a species which is vulnerable according to COSEWIC. “Vulnerable” is defined as a species particularly at risk because of low or declining numbers, small range or for some other reason, 

but not a threatened species.

ND No data is available for these species.
3 Total represents the total number of birds recorded as dead, injured, captured, and sighted.
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RECOMMENDED TIMING AND METHODOLOGY
FOR SWAINSON'S HAWK NESTING SURVEYS

IN CALIFORNIA'S CENTRAL VALLEY
Swainson’s Hawk Technical Advisory Committee

May 31, 2000

This set of survey recommendations was developed by the Swainson’s Hawk Technical Advisory
Committee (TAC) to maximize the potential for locating nesting Swainson’s hawks, and thus
reducing the potential for nest failures as a result of project activities/disturbances.  The
combination of appropriate surveys, risk analysis, and monitoring has been determined to be very
effective in reducing the potential for project-induced nest failures. As with most species, when
the surveyor is in the right place at the right time, Swainson’s hawks may be easy to observe; but
some nest sites may be very difficult to locate, and even the most experienced surveyors have
missed nests, nesting  pairs, mis-identified a hawk in a nest, or believed incorrectly that a  nest had
failed. There is no substitute for specific Swainson’s hawk survey experience and acquiring the
correct search image.

METHODOLOGY

Surveys should be conducted in a manner that maximizes the potential to observe the adult
Swainson’s hawks, as well as the nest/chicks second. To meet the California Department of Fish
and Game’s (CDFG) recommendations for mitigation and protection of Swainson’s hawks,
surveys should be conducted for a ½ mile radius around all project activities, and if active nesting
is identified within the ½ mile radius, consultation is required. In general, the TAC recommends
this approach as well.

Minimum Equipment
Minimum survey equipment includes a high-quality pair of binoculars and a high quality spotting
scope. Surveying even the smallest project area will take hours, and poor optics often result in
eye-strain and difficulty distinguishing details in vegetation and subject birds. Other equipment
includes good maps, GPS units, flagging, and notebooks.

Walking vs Driving
Driving (car or boat) or “windshield surveys” are usually preferred to walking if an adequate
roadway is available through or around the project site.While driving, the observer can typically
approach much closer to a hawk without causing it to fly. Although it might appear that a flying
bird is more visible, they often fly away from the observer using trees as screens; and it is difficult
to determine from where a flying bird came. Walking surveys are useful in locating a nest after a
nest territory is identified, or when driving is not an option.

Angle and Distance to the Tree
Surveying subject trees from multiple angles will greatly increase the observer’s chance of
detecting a nest or hawk, especially after trees are fully leafed and when surveying multiple trees



in close proximity. When surveying from an access road, survey in both directions. Maintaining a
distance of 50 meters to 200 meters from subject trees is optimal for observing perched and flying
hawks without greatly reducing the chance of detecting a nest/young: Once a nesting territory is
identified, a closer inspection may be required to locate the nest.

Speed
Travel at a speed that allows for a thorough inspection of a potential nest site. Survey speeds
should not exceed 5 miles per hour to the greatest extent possible. If the surveyor must travel
faster than 5 miles per hour, stop frequently to scan subject trees.

Visual and Aural Ques
Surveys will be focused on both observations and vocalizations. Observations of nests, perched
adults, displaying adults, and chicks during the nesting season are all indicators of nesting
Swainson’s hawks. In addition, vocalizations are extremely helpful in locating nesting territories.
Vocal communication between. hawks is frequent during territorial displays; during courtship and
mating; through the nesting period as mates notify each other that food is available or that a threat
exists; and as older chicks and fledglings beg for food.

Distractions
Minimize distractions while surveying. Although two pairs of eyes may be better than one pair at
times, conversation may limit focus. Radios should be off, not only are they distracting, they may
cover a hawk’s call.

Notes and Species Observed
Take thorough field notes. Detailed notes and maps of the location of observed Swainson’s hawk
nests are essential for filling gaps in the Natural Diversity Data Base; please report all observed
nest sites. Also document the occurrence of nesting great homed owls, red-tailed hawks, red-
shouldered  hawks and other potentially competitive species. These species will infrequently nest
within 100 yards of each other, so the presence of one species will not necessarily exclude
another.

TIMING

To meet the minimum level of protection for the species, surveys should be completed for at
least the two survey periods immediately prior to a project’s initiation. For example, if a project
is scheduled to begin on June 20, you should complete 3 surveys in Period III and 3 surveys in
Period V. However, it is always recommended that surveys be completed in Periods II, III and V.
Surveys should not be conducted in Period IV.

The survey periods are defined by the timing of migration, courtship, and nesting in a “typical”
year for the majority of Swainson’s hawks from San Joaquin County to Northern Yolo County.
Dates should be adjusted in consideration of early and late nesting seasons, and geographic
differences (northern nesters tend to nest slightly later, etc). If you are not sure, contact a TAC _
member or CDFG biologist.



Survey dates
Justification and search image

Survey time Number of Surveys

I. January-March  20 (recommended optional) All day 1

Prior to Swainson’s hawks returning, it may be helpful to survey the project site to determine
potential nest locations. Most nests are easily observed from relatively long distances, giving the
surveyor the opportunity to identify potential nest sites, as well as becoming familiar with the
project area. It also gives the surveyor the opportunity to locate and map competing species nest
sites such as great homed owls from February on, and red-tailed hawks from March on. After
March 1, surveyors are likely to observe Swainson’s hawks staging in traditional nest territories.

II. March 20 to April 5 Sunrise to 1000 3
1600 to sunset

Most Central Valley Swainson’s hawks return by April 1, and immediately begin occupying their
traditional nest territories. For those few that do not return by April 1, there are often hawks
(“floaters”) that act as place-holders in traditional nest sites; they are birds that do not have mates,
but temporarily attach themselves to traditional territories and/or one of the site’s “owners.”
Floaters are usually displaced by the territories’ owner(s) if the owner returns.

Most trees are leafless and are relatively transparent; it is easy to observe old nests, staging birds,
and competing species. The hawks are usually in their territories during the survey hours, but
typically soaring and foraging in the mid-day hours. Swainson’s hawks may often be observed
involved in territorial and courtship displays, and circling the nest territory. Potential nest sites
identified by the observation of staging Swainson’s hawks will usually be active territories during
that season, although the pair may not successfully nest/reproduce that year.

III. April 5 to April 20 Sunrise to 1200
1630 to Sunset

3

Although trees are much less transparent at this time, ‘activity at the nest site increases
significantly. Both males and females are actively nest building, visiting their selected site
frequently. Territorial and courtship displays are increased, as is copulation. The birds tend to
vocalize often, and nest locations are most easily identified. This period may require a great deal
of “sit and watch” surveying.

IV. April 21 to June 10 Monitoring known nest sites only
Initiating Surveys is not recommended

Nests are extremely difficult to locate this time of year, and even the most experienced surveyor
will miss them, especially if the previous surveys have not been done. During this phase of
nesting, the female Swainson’s hawk is in brood position, very low in the nest, laying eggs,
incubating, or protecting the newly hatched and vulnerable chicks; her head may or may not be
visible. Nests are often well-hidden, built into heavily vegetated sections of trees or in clumps of
mistletoe, making them all but invisible. Trees are usually not viewable from all angles, which
may make nest observation impossible.



Following the male to the nest may be the only method to locate it, and the male will spend hours
away from the nest foraging, soaring, and will generally avoid drawing attention to the nest site.
Even if the observer is fortunate enough to see a male returning with food for the female, if the
female determines it is not safe she will not call the male in, and he will not approach the nest; this
may happen if the observer, or others, are too close to the nest or if other threats, such as rival
hawks, are apparent to the female or male.

V. June 10 to JuIy 30 (post-fledging) Sunrise to 1200 3
1600 to sunset

Young are active and visible, and relatively safe without parental protection. Both adults make
numerous trips to the nest and are often soaring above, or perched near or on the nest tree. The
location and construction of the nest may still limit visibility of the nest, young, ‘and adults.



DETERMINING A PROJECT’S POTENTIAL
FOR IMPACTING SWAINSON'S HAWKS

LEVEL
OF

RISK

HIGH

REPRODUCTIVE SUCCESS
(Individuals)

Direct physical contact with the
nest tree while the birds are on
eggs or protecting young.
(Helicopters in close proximity)

Loss of nest tree after nest
building is begun prior to laying
eggs.

evaluation.

Personnel within 50 yards of nest
tree (out of vehicles) for
extended periods while birds are
on eggs or protecting young that
are < 10 days old.

Initiating construction activities
(machinery and personnel) within
200 yards of the nest after eggs
are laid and before young are >
10 days old.

Heavy machinery only working
within 50 yards of nest.

Initiating construction activities
within 200 yards of nest before
nest building begins or after
young > 10 days old.

All project activities (personnel
and machinery) greater than 200
yards from nest.

LONGTERM
SURVIVABlLlTY

(Population)

Loss of available foraging
area.

Loss of nest trees.

Loss of potential nest trees.

Cumulative:
Multi-year, multi-site
projects with substantial
noise/personnel disturbance.

Cumulative:
Single-season projects with
substantial noise/personnel
disturbance that is greater
than or significantly different
from the daily norm.

Cumulative:
Single-season projects with
activities that “blend” well
with site’s “normal’
activities.

NORMAL SITE
CHARACTERISTICS

(Daily Average)

Little human-created
noise, little human use:
nest is well away from
dwellings, equipment
yards, human access areas,
etc.
Do not include general
cultivation practices in

Substantial human-created
noise and occurrence: nest
is near roadways, well-
used waterways, active
airstrips, areas that have
high human use.
Do not include general
cultivation practices in
evaluation. 

NEST
MONI-
TORING

LESS
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Abstract

Bird collisions with buildings are the second largest anthropogenic source of direct mortality

for birds (365–988 million birds killed annually in the United States). Recent research sug-

gests that this mortality occurs disproportionately across species. However, previous work

had relied on regional and annual measures of relative species abundance. Our research

identifies which species experience higher or lower collision rates than expected from local

abundances using two sets of citizen science data: Minnesota Project BirdSafe and the Mis-

sissippi River Twin Cities Important Bird Area Landbird Monitoring Program. Our analysis

used a measure of relative species abundance that spatially overlaps the area monitored for

building collisions and was measured weekly, allowing for a temporally and spatially more

specific analysis than most previous analyses. Abundance and collision data were used to

model phylogenetic and behavioral traits associated with increased collision risk. Behavioral

traits included diurnal/nocturnal migration timing, length of migration, and foraging strate-

gies. Our analysis shows that birds that predominately migrate during the day have a

decreased risk of building collisions despite peak collision numbers occurring during early

morning; this result suggests that more nuanced behavioral or physiological differences

between diurnal and nocturnal migrants could contribute to bird-building collision risk. Addi-

tionally, for many species, local abundance is the predominant determining factor for colli-

sion risk. However, for ~20% of species studied, the family, genus, and/or species of a bird

may affect the collision risk.

Introduction

Bird collisions with buildings cause a huge proportion of anthropogenic direct mortality to

birds, second only to predation by cats [1]. The most recent national estimate of mortality

from building collisions is 365–988 million birds killed annually in the United States [2]. With

an estimated avian breeding population of 3.2 billion in the United States [3], these bird-
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building collision numbers correspond to an annual decrease of between 11% and 31% in the

avian population, although it is important to note that there is very low precision in this esti-

mated breeding population size as well as huge annual fluctuations in avian population size as

part of the reproductive cycle. While it has been postulated that these deaths may be largely

compensatory [4–6] it is undeniable that for species already at risk from a multitude of pres-

sures, the deaths caused by building collisions only exacerbate the threats of population decline

and even extinction [4,7].

The majority of existing research on bird-building collisions has focused on the buildings

involved in these events. Initial research on bird-building collisions highlighted and described

the conservation threat [8,9]. Later studies examined collisions in different habitats ranging

from urban [4,10–14] to rural systems [10,15]. Some studies have compared the collisions at

buildings in urban and rural areas [2,16,17]; in particular, while individual buildings in urban

areas can have very high annual collision numbers, the sheer magnitude of non-urban buildings

means that these individually smaller collision rates have an aggregately larger contribution to

total bird-building collisions [2,18]. Research has also been done on the timing of collisions,

including documenting peak collision frequencies in the early morning [9,11] and during

spring and fall migration [10,12,13,19,20]. Much of the recent research has focused on how

landscape factors, especially increased vegetation, [10–12,14,17,19–21] or building factors, espe-

cially increased glass area, [12,14,16,19,21] correlate with increased numbers of avian collisions.

Until recently, researchers have approached bird-building collisions with the primary focus

on the buildings and the glass within those buildings rather than the birds that collide with

those windows. The focus on buildings and not birds is largely due to an early publication that

found building mortalities to be non-selective by species, age, sex, or condition of birds [9].

Though a fundamental paper, Klem relied on those birds marked as collision fatalities in a sur-

vey of existing museum collections and 2 years of surveys of a few buildings in Southern Illi-

nois [9]. Klem’s paper was groundbreaking when published in terms of highlighting the need

for further study of bird-building collisions as a conservation threat and a notable source of

direct avian mortality. However, as one of the first paper’s published in this field, its scope and

scale of replication were understandably limited [9]. Nevertheless, these conclusions were

rarely revisited, even as citizen-science monitoring efforts exponentially increased the number

of birds recorded as injured or killed by building collisions (however see [20,22]). Recently,

some of these large datasets have been used to re-investigate the question of differential suscep-

tibility to building collisions across species; in other words, testing if some species experience

increased mortality from building collisions disproportionate to their abundance. The findings

from these studies seem to refute Klem’s original conclusion; some species of birds appear to

be substantially more susceptible to building collisions than expected by their population size

(supercolliders) while other species appear much less likely to hit buildings than their popula-

tion size would suggest (superavoiders) [2,4]. Additionally, Arnold and Zink found some fac-

tors that may explain increased susceptibility for some species, with nocturnal migrants, long

distance migrants, and some phylogenetic groups being more susceptible to building collisions

[4].

While these 2 previous studies of species susceptibility used different datasets of collisions,

they both relied on aggregated Breeding Bird Survey (BBS) data to estimate the relative popula-

tion sizes of each species in their studies, which is an imperfect means of determining relative

species abundances [2,4]. BBS data provide an excellent large-scale perspective of species pop-

ulation trends and ranges across North America [23,24], and is an appropriate dataset to use

when working with collision data from a broad geographic range as was the case for both the

previous studies [2,4]. However, BBS does a poorer job of detecting small scale variability

among species, as well as intra-annual variability within species [23,25]. While these large-

Bird-building collision risk assessment with citizen-science datasets
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scale bird-building studies have shown that differential species susceptibility exists, they are

unable to capture or examine fine grain details, such as temporal or regional variability in sus-

ceptibility [2,4]. It is therefore valuable to assess the question of variability in susceptibility to

collisions at a local scale to complement these larger scale studies. One previous study looks at

species susceptibility at a local scale, but was only able to collect data on abundance and colli-

sions for a single location with 6 buildings over one spring and one fall migration [26]. Our

analysis seeks to further fill the knowledge gap of species susceptibility by using spatially

restricted and temporally defined data on both bird-building collisions and community com-

position during spring migration across multiple years and numerous buildings to explore dif-

ferential susceptibility to bird-building collisions.

In Minnesota, the data collected for 2 citizen-science monitoring programs make it possible

to test for unequal species susceptibility to building collisions in comparison to locally col-

lected measures of relative population sizes of migrating species. One project, Minnesota Proj-

ect BirdSafe (hereafter Project BirdSafe), had volunteers monitor for dead and injured birds

from building collisions along defined routes in downtown Minneapolis and St. Paul. These

routes were walked daily during spring and fall migration seasons starting in the spring of

2007. The second project, the Mississippi River Twin Cities Important Bird Area Monitoring

Program, had volunteers collect point count data at several locations along the Mississippi

River in the greater metropolitan area from 2007 to 2010. Point counts were made on a weekly

basis in the spring season and at least twice monthly during the summer season. From these 2

citizen-science monitoring programs, we have species-specific collision mortality records on a

daily basis and an index for relative population sizes on a weekly basis, with temporal overlap

for the spring migration seasons of 2007 through 2010. Thus we can test which species are

most susceptible to building collisions in Minneapolis and St. Paul during spring migration

using locally reliable population data with a temporal component.

In this paper, we test for differential susceptibility to bird-building collisions by 3 sets of cri-

teria: {1} susceptibility by species, {2} susceptibility by higher-level phylogeny (e.g. family,

genus), and {3} susceptibility by behavior (including migration and foraging). Using general-

ized linear mixed models (GLMM) with data from both Project BirdSafe (collision records)

and Mississippi River Twin Cities Important Bird Area Landbird Monitoring Program (point

count data), we test these 3 categories of susceptibility.

Materials and methods

BirdSafe dataset

Volunteers for Project BirdSafe patrolled 2 routes (one route for Minneapolis and one route

for St. Paul) every morning, between 06:00 and 10:00, during spring and fall migrations (Fig 1;

[13]). Each route was approximately 3 km long and together included buildings ranging from

2 to 57 stories and with a range of architectural styles including quantity of glass (building

façades ranged from 0 to almost 100% glass). Monitoring dates were set based on local migra-

tion timing and went from mid-March through May (spring migration) and mid-August

through October (fall migration). Though monitoring for this project began in spring of 2007

and continued through fall 2016, we used spring 2007 through spring 2010 data (S1 Table) for

this analysis as this data range overlapped with the Important Bird Area (IBA) monitoring

data; as all analyses started with comparing collisions to relative abundance, only collision data

with a corresponding abundance measure could be included in analysis. All birds found were

recorded by location (building and building side), date, and time, as well as species [13]. Live

birds were released away from the downtown area or taken to the Wildlife Rehabilitation Cen-

ter of Minnesota depending on condition of bird. Dead birds were collected and species was

Bird-building collision risk assessment with citizen-science datasets
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confirmed by expert examination. The carcasses were later processed for weight, genetic sex,

age, wing length, fat condition, and stomach contents [13]. A spread wing and tissue sample

from each dead bird collected are stored as part of the Bell Museum of Natural History’s collec-

tion [13]. Since the IBA data were not available for every day of the monitoring season, the

BirdSafe accounts are also summed for each species by week (S7 Table).

Because monitoring routes were fixed, we had relatively constant searcher effort (by dis-

tance traveled, though not by time) and thus have meaningful zeros–that is, if a species is not

recorded on a given day, we assumed it is because no individuals of that species were found

rather than a lack of recording for that species. While there was likely imperfect detection of

collisions along the route (because of searcher error, street sweepers, and scavenger effect,

etc.), previous analysis by Arnold and Zink [4] found no effect of size or conspicuousness on

apparent vulnerability, suggesting that any biases in detectability across species are relatively

small. Therefore, we used the total number of collisions per species per week as an index of rel-

ative collision vulnerability over time.

Fig 1. Map of study region showing relative positions of monitoring areas for project BirdSafe and Important Bird Area Landbird Monitoring Program. Map

of the greater Minneapolis-St. Paul metro area in Minnesota, USA. Project BirdSafe monitoring areas are indicated by shaded purple regions. The Mississippi River

Twin Cities Important Bird Area (IBA) is outlined in green and the sites within the IBA that were monitored as part of the Landbird Monitoring project are

indicated with solid green.

https://doi.org/10.1371/journal.pone.0201558.g001
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An additional aspect of the Project BirdSafe monitoring was to encourage buildings to partici-

pate in a “lights out” effort, where lights in buildings were turned off during spring and fall migra-

tion. Of the approximately 100 buildings monitored by Project BirdSafe, 2 were engaged in “lights

out” prior to the start of monitoring in spring of 2007, 8 joined during spring 2007, 1 joined during

spring 2008, 4 joined during spring 2009, and 3 joined during spring of 2010. Thus less than 20% of

all buildings were engaged in “lights out” programs during this study. It is likely that these changes

affected collisions at individual buildings and the overall trend of increasing “lights out” buildings

may have even contributed to an annual pattern in collisions, but was not the focus of this analysis

and therefore the extent of “lights out” buildings was not incorporated into our analysis.

BirdSafe ethics statement. Bird carcasses were collected under Minnesota Department of

Natural Resources salvage permits (Numbers 14827, 20412) and US Fish and Wildlife Federal

Fish and Wildlife Permits (Numbers MB785154-0, MB54075B-0). Surveys were targeted for

dead birds, and no live birds were restrained unless injured, and only then for transportation

away from buildings and occasionally to veterinary care if necessary. Therefore, no protocols

were submitted for IACUC or other animal care committee review; nevertheless, all citizen sci-

entists were trained on protocols, including handling of injured live birds, to minimize stress

and additional injury to birds.

IBA monitoring dataset

Beginning in 2007, the Mississippi River Twin Cities Important Bird Area (IBA) was moni-

tored for landbird abundance to determine how these birds used the IBA, particularly during

migration [27]. This study was meant to complement a fairly complete understanding of how

waterbirds made use of the IBA [27]. Monitoring was conducted and organized by the Missis-

sippi River Twin Cities IBA Landbird Monitoring Program [27,28]. Ten publicly accessible

sites within the Mississippi River Twin Cities IBA were monitored by experienced citizen-sci-

ence birders using 10 to 14 randomly selected point count locations within each site, with

250m distance between sampling points [28]. At each sampling point, all birds seen or heard

within 5 minutes were recorded; although data were recorded in 2 distance bands (�50 m and

>50m) [28], data were collapsed into a single total count by species for this analysis. Each site

was surveyed 6 times (once weekly) during spring migration from 2007 to 2010 [28].

The IBA point count protocol was designed to create as robust a sampling of landbirds in the

target sites as was possible with a select pool of citizen science surveyors. All participants in data

collection were recruited from a pool of experienced birders and were required to attend a 2 hour

training session which included field practice estimating distance bands and conducting point

counts per the required protocol. The training also addressed issues such as double-counting and

the value of working in teams with a counter and a data recorder. Sampling design for these point

counts was intended to maximize coverage of the sites while ensuring that each could be reason-

ably sampled in a single morning in order to better facilitate weekly visits during spring migration.

Volunteers counted at the same site for the whole season, allowing them to build familiarity with

the exact location of each sampling point and distance bands associated with each point.

For this analysis, all monitoring sites along the Mississippi River were merged; whether a

bird was found slightly north, slightly south, or in the middle of the Metro area should not

affect the potential to encounter some of the buildings being monitored by BirdSafe efforts

(Fig 1). Point counts were also merged for each week because monitoring dates varied by vol-

unteer availability and weather conditions.

The percent of the total community was calculated as a measure of relative abundance of

each species for each week it was present in the flyway. This number was calculated as the total

number of individuals of that species recorded in a given week divided by the total number of

Bird-building collision risk assessment with citizen-science datasets

PLOS ONE | https://doi.org/10.1371/journal.pone.0201558 August 9, 2018 5 / 23

https://doi.org/10.1371/journal.pone.0201558


individual birds of all species recorded in the same week. Permanent residents were excluded

from the all species count to ensure only species with concurrent and overlapping abundances

between collision and point count monitoring locations were included in analysis, see Species
included in analysis section for further discussion. This measurement was then centered

around the mean (i.e. rescaled to the mean) and scaled by standard deviation to allow for

proper comparison between different continuous variables in the modeling process, hereafter

adjusted abundance. Calculating adjusted abundance on a weekly basis allowed for compari-

son of numbers of collisions while accounting for differences in relative abundance between

species without incurring errors in adjusted abundance caused by differences in detection

probability across the spring migration season and between years. The potential for other dif-

ferences in detection probability to affect the analysis was considered with a post-hoc test of

the robustness of species-level risk classifications (S1 Appendix, S2 Table).

IBA ethics statement. All point counts were conducted on public land and involved pas-

sive monitoring via point counts; as such no animals were manipulated in an active way. Such

observational only studies do not require oversight from an Institutional Animal Care and Use

Committee or other animal ethics management committee. Therefore no Institutional Animal

Care and Use Committee protocols were assigned nor any permits required for the IBA point

count protocol.

Species included in analysis

All species recorded in either BirdSafe or IBA monitoring were included in the analysis except

for permanent resident species as defined by the Audubon Minnesota’s Bird Species Checklist

(Lee A. Pfannmuller compiler). While it means our analysis will not be able to determine the

collision risk for permanent residents, the chances of a bias in our analysis for permanent resi-

dents were notable, while the chance of a bias for migratory species due to the small distance

between our point count locations and our collision locations seemed comparatively minimal.

While the point count monitoring sites and the building collision sites were relatively close

to each other (2–36 km), any species that is not at all migratory would not be expected to regu-

larly move between these distances sites in early spring. Thus any permanent residents of the

Mississippi River corridor would artificially appear to be superavoiders in the analysis because

they did not travel to the areas where the buildings were monitored and permanent residents

along the building monitoring routes would appear to be supercolliders because there would

be rarely observed in a point count. There are likely individuals of the permanent resident spe-

cies that live within the monitored collisions areas, but their densities in these areas are

unknown compared to the point count monitoring sites. In contrast, given the known move-

ment patterns of migratory birds, it is reasonable to assume that their relative abundances

would be similar between the point count locations and the collision monitoring locations as

the distance between these sites is well within the expected weekly movement in spring of

these birds. Therefore, all permanent resident species were removed from both datasets prior

to analysis (Lee A. Pfannmuller compiler). The process removed 381 of 1944 merged records

of 15 species, but only removed 32 recorded collisions (S3 Table).

Merged dataset

Records were aligned using the date of record (shifted to first day of week) and matched for

each species. If a species was found in the point count but not in the collision records, the colli-

sion value for that species was assumed to be zero for that week. Given evidence that detection

probability of dead birds is fairly constant across all species [4], we felt confident that a zero in

collision data was a reflection of relatively low or missing collisions by that species.
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However, if a species was found in a collision record but not in a point count record for a

given week, that data point was dropped from the analysis due to uncertainty about the cause of

zero detection. Using point count data as an index of abundance is contested in instances where

detection probability might vary ([29–31], but see [32]). In particular, detection probability is

likely to vary among species (especially differential visibility and song detection), making com-

parisons among species problematic [33]. Because of this uncertainty about the cause of zero

detection in the point count data (low abundance of the species or low detection probability of

the species), we dropped these values from our analysis. This process removed 88 of 1563 rec-

ords (S4 Table). In contrast, 1297 of the remaining 1475 records showed the presence of birds

in the point counts but not in the collision records. This process only eliminated 5 species

completely from the analysis (S4 Table), and these are species that are predominantly either

nocturnal (such as Eastern Whip-poor-will, Caprimulgus vociferus) or challenging to detect dur-

ing point counts (such as Rust Blackbird, Euphagus carolinus). While the elimination of these

species means that they could not be assessed for collision risk, it is reasonable to exclude these

species for which the point count data is most likely underrepresenting these species and when

there are only 5 removed species, leaving 123 species that are more reasonable to analyze. This

restriction process will also remove error due to a lack of knowledge about the cause of a zero-

value for the relative abundance, but it will lead the final estimates of collision risk to be more

conservative; specifically, the shrinkage estimates (estimates of variance) of collision risk will be

larger for species with a week’s data point removed from the analysis compared to a species

with no weeks’ data points removed from analysis. We determined that a more conservative

analysis was preferable to incurring an unknown direction of bias in the analysis.

Base model of collisions and abundance

Unlike the 2 previous studies [2,4], we used a slightly different approach to the analysis of sus-

ceptibility. Previous analysis fixed the slope at 1 on a log-log graph of collisions and abundance

and for each species, measured the residual of the species from this idealized line [4]. We still

used a regression model between the relative abundances and collisions by species (and by

week), but rather than fixing the slope at one, we incorporated into the model random effects

for taxonomic groups, and fixed effects for behavioral factors and time of year. In part, this

was possible because we had multiple data points per species due to the weekly nature of our

dataset across 4 spring migratory seasons. We interpreted the effect of these factors on suscep-

tibility based on how each significant factor changed the intercept, with increased intercepts

indicating increased susceptibility to building collisions. Thus the error incurred by interpret-

ing the value of the slope estimated using OLS models that assume error only in the dependent

variable will not affect our findings [4,34].

Given the count nature of our collision data, 4 distributions of modeling were tested using

the GlmmADMB package in R on the basic regression between collisions and adjusted abun-

dance: Poisson (zero-inflated and non-zero-inflated) and negative binomial (zero-inflated and

non-zero inflated) (Fig 2; [35,36]). Model selection was based on the information-theoretic

approach, and used Akaike Information Criterion (AIC) values to determine the best model.

Throughout all analyses, AIC rather than AIC corrected for sample size, AICC, was used as the

sample size, N, divided by the number of parameters in a model, K, was much greater than 40

for all models tested [37]. Of the 4 tested distributions, a negative binomial distribution with-

out a zero inflation had the best fit with the data as determined by AIC values (AIC = 1599.4).

Both Poisson and Poisson with zero inflation models were non-competitive (AIC = 2163.8,

and AIC = 1723.5, respectively). Although a zero-inflated negative binomial model was appar-

ently competitive (AIC = 1601.4), this model simply contained one additional uninformative
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parameter [38,39]. Therefore, a negative binomial model from the GlmmADMB package in

RStudio 0.98.109 (using R 3.1.2) was used for all subsequent model testing [35,36,40,41].

Susceptibility by phylogeny

We tested taxonomic categories (order, family, genus, and species) by creating models with

each category added as a random effect to the base model to create 4 new models (Fig 2). Taxo-

nomic classifications serve as a decent approximation for phylogenetic relatedness, and we

used them as a measure of phylogeny and phylogenetic relationship within our analysis

[42,43]. We also tested the phylogenetic relationships by creating models where the species

random effect was nested within 1, 2, or 3 successively higher taxonomic levels (order, family,

and genus). We then used an information-theoretic approach and compared the AIC values of

all of these models to that of the base model to determine if any single phylogenetic category

or nested phylogenetic model did a better job of explaining the data than the base, and if multi-

ple models were an improvement, which model had the most support based on AIC values.

Susceptibility by natural history

Using the best model from the tests of susceptibility by species and phylogeny, we added fixed

effect variables that encompassed different behavioral traits that may influence susceptibility to

collisions using forward model selection with an information-theoretic approach to determine the

Fig 2. Flowchart diagraming modeling process. Modeling was completed in 3 stages; the first determined the best distribution to use for the dataset, the second

determined the most parsimonious combination of phylogenetic taxa, and the third determined which natural history fixed effects were present in the most strongly

supported models. All model selection was based on the information-theoretic approach, and used Akaike Information Criterion (AIC) values to determine the best

model.

https://doi.org/10.1371/journal.pone.0201558.g002
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most important combination of behavioral traits that may affect collisions (Fig 2). The behavioral

traits considered were 1) the time of day a species migrates (hereafter timing), 2) the foraging

behavior of a species (hereafter foraging), 3) the distance a species migrates (hereafter migrant),

and 4) the week of the year that a collision record occurred (hereafter week). The week variable

was centered around the mean value and scaled by standard deviation prior to inclusion in the

model. The week variable was only included as a linear variable as there was no indication in the

literature that there would be any expected relationship between differential susceptibility and

time of the migration season. There was insufficient statistical power to test for differences over

time in susceptibility by species, i.e. an interaction effect; with the 4 spring seasons of data, if we

segregated data by species and by week, there would only be up to 4 data points per species-week

group. Timing was limited to diurnal (including mostly diurnal and diurnal migrants), nocturnal

(including mostly nocturnal and nocturnal migrants), or other migrants (including birds that

migrate both day and night, birds classified as non-migratory, and birds with unknown migratory

timing) to retain statistical power. Similarly, migrant was limited to short distance, long distance,

or other migratory strategy to retain statistical power. While permanent resident species had pre-

viously been removed from the analysis, some species that are classified as other remained in the

dataset. These were species for which there is some debate about their annual movement patterns;

for example White-Breasted Nuthatches (Sitta carolinensis) were originally classified as non-

migratory and then as other, but due to a tendency to join mixed species winter foraging flocks

and intermittent winter dispersals they were not classified as a permanent resident species to

exclude from analysis [44]. Classifications were provided by Arnold (S4 Table; [4]). For those spe-

cies that were missing from the previously described dataset (Alder Flycatcher (Empidonax
alnorum), Double-crested Cormorant (Phalacrocorax auritus), Harris’s Sparrow (Zonotrichia
querula), Killdeer (Charadrius vociferous), Mallard (Anas platyrhynchos), Sora (Porzana carolina),

Virginia Rail (Rallus limicola), and Wood Duck (Aix sponsa)), the natural history factors were

determined based on the species records within Birds of North America Online (S5 Table; [45]).

No interactions between effects were tested in our analysis; for many of these interactions

there is limited, if any, research to support an ecological explanation for an interaction term.

In the case of a week-species interaction, there is reason to suppose that the time within the

migration window could affect the susceptibility of each species differently, particularly as dif-

ferent species have different timings of migration and some species have separation of migra-

tion between age classes or sexes. However, as the analysis contained data from 4 years, there

would be at most 4 data points per week-species category; such a limited sample size was

deemed too small to merit an analysis at this time.

Classification of supercolliders and superavoiders

Once the best model (or models) was found, we assessed which, if any, species, genera, fami-

lies, or orders of birds seem to collide or avoid collisions much more than would be expected

based on their abundances. As coined by Arnold and Zink [4], supercollider and superavoider

are used to identify those species that are most and least likely to collide with buildings in pro-

portion to their abundance. As these terms have been used in subsequent assessments of spe-

cies susceptibility [2], we will also use these terms for consistency of language within the field

of study. For our analysis, we will classify supercolliders and superavoiders based on the ran-

dom effect coefficients and the shrinkage estimates (a measure of variance of each random

effect coefficient estimate produced by the model) in the top fitting model. All species for

which the random effect estimate minus the shrinkage estimate were greater than zero were

classified as supercolliders (i.e. the random effect estimated range was completely greater than

zero). All species for which the random effect estimate plus the shrinkage estimate were less
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than zero were classified as superavoiders (i.e. the random effect estimate was completely less

than zero). In other words, only species with a random effect estimate ± shrinkage estimate

that did not include zero were classified as superavoiders or supercolliders.

Following determination of the best supported model, a post-hoc test was done on the

robustness of random effect estimates of species to errors in detection probability and deter-

mined that the random effect estimates were quite robust to unaccounted variability in abun-

dance due to variation in detection probability (S1 Appendix, S2 Table).

Comparisons with previous species risk assessments

To compare the risk assessment of species from this analysis with those previously published,

we analyzed our results and previous results in 3 ways. For the first two tests, we assessed the

correlation between the net random effect of each species (random effect estimates of species,

genus, and family summed for each species for the best fitting model) and the risk valuation by

species from Arnold and Zink [4] and from Loss et al. [2]. When testing with Arnold and

Zink’s vulnerability assessment, there were 114 species in common with our analysis [4]. For

Loss et al., we used the collision risk values based on all buildings–although all of the buildings

in our study were located in urban areas, the building structures were not limited to high-rises,

thus a comparison with the all building analysis seemed more logical [2]. There were 105 spe-

cies in common with our analysis [2]. Similar analyses using only the random effect estimates

of species from our best model did not produce substantively different results, and since nei-

ther Arnold and Zink [4] nor Loss et al. [2] separated the phylogenetic component from their

species risk assessment, a comparison with our net random effect (including genus and family

random effects with each species effect) seemed a more parallel comparison.

As a third assessment of our analyses, we condensed our abundance and collision data and

analyzed it mimicking the analysis done by Arnold and Zink [4]. This analysis allowed us to

verify that any differences observed by the above comparisons were due to substantive differ-

ences of spatially localized abundance data rather than a product of the variation in our analyt-

ical techniques. All percent abundances for each species were averaged and all collision

records for each species were summed. These values were log transformed (using log10(X+1)

to allow for zeros), and then the residual from a theoretical linear slope of 1.0 was found for

every species [4]. This residual was used to represent the relative risk of collision by species

and was compared to the collision risk estimates based on the random effect estimates from

our best-fit model with a simple correlation analysis.

Calculations of data to mimic Arnold and Zink’s analysis were done in Microsoft Excel

(Excel 2013). All correlation analyses were conducted in in RStudio 0.98.109, using R 3.1.2, as

Pearson-product moment correlations [40,41].

Results

Susceptibility by phylogeny

Of the 4 levels of taxonomic grouping that were tested, species nested within genus within fam-

ily was the best fit (Table 1). Modeled data included 123 species from 77 genera, 32 families,

and 13 orders. Mean sample size per category was 12.0 for species, 19.1 for genera, 46.1 for

families, and 113.5 for orders.

Susceptibility by natural history

The top models examining natural history characteristics all included abundance, timing of

migration (e.g., nocturnal vs. diurnal), and family/genus/species as a random effect (Table 2).
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The highest ranked model by AIC also included week of migration, however the simpler

model (without week) is highly competitive with this model (ΔAIC -0.6) and avoids the risk of

over-fitting the model [38]. Additionally, the coefficient estimate of the week parameter was

small (-0.151±0.096) and non-significant compared to the timing behavior coefficient esti-

mates. While foraging behavior and migratory distance were in the top models, they both

appear to be “uninformative parameters” such that a simpler model has a better fit as assessed

by AIC (Table 2; [38]).

Based on the best model, Collisions ~ Adjusted Abundance + Timing + (1|Family/Genus/Spe-
cies), increased abundance correlates with increased collision risk (coefficient = 0.435±0.094),

nocturnal migrants are more likely to collide than diurnal migrants (coefficient = 2.651

±0.538), and other migrants are more likely to collide than diurnal migrants (coefficient = 1.705

±0.626). Based on this same model, and assuming a negative binomial distribution of the

response variable, the mean collisions for a given species(i) that is a nocturnal migrant can be

expressed as:

Collisionsi ¼ e� 1:993þ0:435�Adjusted AbundanceiþâFamily ½Familyi �þâGenus½Genusi�þâSpecies½Speciesi�:

Table 1. Table of the 4 taxonomic models tested with ΔAIC values as well as a null model.

Random effect added ΔAICa Log-Likelihood K

Family/Genus/Species 0 -644.83 6

Order/Family/Genus/Species 2.0 -644.83 7

Genus/Species 2.1 -646.90 5

Species 4.4 -649.07 4

Null model 297.7 -796.69 3

Null Model is the negative binomial regression of Collisions as a function of Abundance. All other models add a

random effect to the null model with / used to indicate nested random effects. The top model based on ΔAIC is the

model with Family/Genus/Species as the random effect. K represents the number of parameters in each model.
aΔAIC calculated based on minimum AIC value amongst all models. Minimum AIC value was 1301.7 for the model

with Family/Genus/Species as a random effect.

https://doi.org/10.1371/journal.pone.0201558.t001

Table 2. Table of the forward model selection results with the base phylogeny model and the top models from the

model selection process, based on minimum ΔAIC.

Model ΔAICa Log-Likelihood K

Abundance+Timing+Week+(1|Family/Genus/Species) 0 -633.77 9

Abundance+Timing+(1|Family/Genus/Species) 0.6 -635.03 8

Abundance+Timing+Week+Migrant+(1|Family/Genus/Species) 3.0 -633.26 11

Abundance+Timing+Week+Forage+(1|Family/Genus/Species) 3.2 -629.34 15

Abundance+Timing+Migrant+(1|Family/Genus/Species) 3.3 -634.42 10

Abundance+Timing+Forage+(1|Family/Genus/Species) 3.4 -630.45 14

Abundance+(1|Family/Genus/Species) 16.2 -644.83 6

Model descriptions show the variables used in each model to predict Collisions using a negative binomial regression

function. Of the 9 models calculated in the analysis, only the models which had ΔAIC<9.0, are shown, in addition to

the starting model of Abundance + (1|Family/Genus/Species). The model with the lowest AIC was Abundance

+Timing+Week+(1|Family/Genus/Species). The model Abundance+Timing+(1|Family/Genus/Species) was highly

competitive. K represents the number of parameters in each model.
aΔAIC calculated based on minimum AIC value amongst all models. Minimum AIC value was 1285.5 for the model

Abundance+Timing+Week+(1|Family/Genus/Species).

https://doi.org/10.1371/journal.pone.0201558.t002
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Classification of superavoiders and supercolliders

Within the highest ranked model, no family of birds has a random effect estimate that signifi-

cantly deviates from zero, but one family, Parulidae or New World Warblers, appears to have a

much larger level of variation in collision risk based on shrinkage estimates than all other fami-

lies (S1 Fig). The coefficient and shrinkage estimates of random effects of species and genera

indicate that 13 species (Figs 3 and S2) and 7 genera, Seiurus, Zenaida, Zonotrichia, Junco, Tur-
dus, Geothlypis, and Vermivora (S3 Fig), are more likely to hit buildings than predicted, while 1

species, Field Sparrow (Spizella pusilla) (S2 Fig), and 1 genus, Vireo, (S3 Fig) are less likely to

Fig 3. Caterpillar plot of the 13 supercollider species random effects estimates ± shrinkage estimates within the top model: Abundance+Timing+(1|Family/

Genus/Species). Random effect estimates indicate the estimated level of risk for each species after accounting for the effects of Abundance and Timing as approximated

by the model. Shrinkage estimates are a measure of variance for the random effect estimates. Species were classified as supercolliders when random effect
estimates – shrinkage estimates > 0, indicating high confidence in a non-zero estimate of risk of collisions greater than expected by Abundance and Timing alone.

Within the supercolliding species, there is a clear gradient from highest risk, White-throated Sparrow (Zonotrichia albicollis) and Tennessee Warbler (Leiothlypis
peregrine), to lower risk, Nashville Warbler (Leiothlypis ruficapilla) and Least Flycatcher (Empidonax minimus).

https://doi.org/10.1371/journal.pone.0201558.g003
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hit buildings. It is important to note that 3 of these genera (Zenaida or Zenaida doves, Junco,

and Turdus or thrushes) are single species genera with the species included in this analysis.

Additionally, Seiurus or ovenbirds and Zonotrichia or American sparrows are 2-species genera

with the species included in this analysis.

Comparisons with previous species risk assessments

There was a significant but weak correlation between our net random effects per species and

the species vulnerability estimates calculated by Arnold and Zink (p = 0.005, r = 0.260), (Fig

4A; [4]). There was no significant correlation between our net random effects per species and

the species risk assessment values found by Loss et al. (p = 0.223, r = −0.120), (Fig 4B; [2]).

There was a strong significant correlation between the net random effects per species and the

species risk calculation modeled after Arnold and Zink (p<0.001, r = 0.803), (Fig 4C; [4]).

Thus, while our risk assessments are very similar to a coarser analysis of our own data and

somewhat similar to the original Arnold and Zink [4] analysis, they are quite different from

the Loss et al. [2] assessment of species vulnerabilities. The net random effect estimates pro-

duced by summing the random effect estimates for species, genus, and family can also be con-

verted into a measure of effect size per species if all other model factors were held constant (S6

Table).

Discussion

Recent research [2,4] contradicts early papers [9] with regards to the differential susceptibility

to bird-building collisions. Our analysis of species susceptibility to collisions using 4 years of

collision data and spatially and temporally coinciding abundance data revealed that after

accounting for local abundance, building collisions are selective by several taxonomic catego-

ries, particularly genus and species, and that the timing of migration may also affect collision

susceptibility.

As expected, our top model shows that an increase in abundance is associated with an

increase in collisions–if there are more individuals of a species around, more birds of that spe-

cies will hit buildings. Specifically, all other variables being constant, a one unit increase in the

adjusted abundance (the relative abundance values that were centered around the mean and

scaled by standard deviation prior to analysis) translates to a 0.435 increase in the logarithm of

expected collisions index.

In addition to abundance, our study identified one behavioral trait that is associated with

collision risk. Nighttime and other migrants are more likely to collide with buildings than

diurnal migrants. Specifically, the coefficient estimate for nighttime migrants was

2.651 ± 0.538 (coefficient estimate ± standard error, p<0.001) and the coefficient estimate for

other migrants was 1.705 ± 0.626 (coefficient estimate ± standard error, p = 0.007) compared

to daytime migrants. This is consistent with the findings of Arnold and Zink in terms of time

of day of migration and collision risk where nighttime migrants were 10.9 times more likely to

hit buildings than daytime migrants [4]. These findings suggest that there is a behavioral or

physiological difference in daytime migrants that affords them a greater ability to avoid build-

ing collisions. Nighttime migrants experience sleep deprivation, and while major declines in

cognitive function have not been found under laboratory conditions [46], these birds may be

less adept at interpreting the visual cues indicative of building glass. This sleep deprivation has

been shown to alter the diurnal foraging behavior to include micro-naps in Swainson’s

Thrushes (Catharus ustulatus) [47]; perhaps sleep deprivation causes other behavioral changes

in nighttime migrants that makes these birds more likely to hit buildings. It is important to

note that while nighttime migrants appear more susceptible to collisions, we have no evidence
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that these collisions are occurring at night. In fact, previous research shows that collision fre-

quency peaks in early morning when considering all species in aggregate [9,11,48,49] and this

is also consistent with volunteer observations along BirdSafe routes in Minneapolis and Saint

Paul [J. Eckles personal observation]. If nighttime migrant collisions also peak in early morn-

ing, this would support the hypothesis that nighttime migrants are hitting buildings when they

are physically and mentally depleted after a night of migration and are searching for food and/

or roosting sites rather than hitting buildings during migration flights. Additionally, as night-

time migrants are selecting stopover habitat under low light conditions, they are less able to

visually assess habitat and thus avoid areas with high densities of buildings compared to day-

time migrants. Furthermore, nighttime migrants may be attracted to urban areas because of

light pollution by buildings and are therefore selectively choosing stopover habitat in closer

proximity to buildings than diurnal migrants.

In our analysis, no other behavioral traits were found to be significantly associated with col-

lision risk. However, Arnold and Zink [4] found migration distance to influence collision risk.

Intuitively, longer-distance migrants would encounter more buildings because they cover a

greater distance during migration and therefore have a cumulative collision risk greater than

short-distance migrants. However, in the Arnold and Zink analysis, collision risk is based on

the risk of collision per building or per city, which would not include this cumulative effect

[4]. Thus the Arnold and Zink analysis suggests that there is a behavioral or physiological dif-

ference in long-distance migrants that makes them more likely to collide with buildings [4].

Our analysis was unable to replicate this finding, suggesting that the effect of migration dis-

tance is small relative to the other factors affecting collisions risk. Alternatively, by incorporat-

ing taxonomy in our analysis prior to natural history characteristics, we were able to capture

the variation Arnold and Zink attributed to migration distance within taxonomic classifica-

tions. It may be that migration distance does affect collision risk and that migration distance

corresponds sufficiently closely to taxonomic classifications that in our analysis the effect of

migration distance was masked by taxonomy. Or it may be that both migration distance and

taxonomy correlate with some, as yet untested, factor that is a more genuine driver of collision

risk variation among species. Nonetheless, the cumulative effect of encountering multiple

buildings during migration and the substantial risk that may accrue for long-distance migrants

should not be ignored.

Our modeling also shows that including species as a model variable significantly improves

model performance, based on AIC scores. While over 80% of species considered in the model

are neither more nor less likely to collide with windows than expected after accounting for tim-

ing of migration and local abundance, this estimate is a conservative one that will overlook

particularly rare species which will have very large shrinkage estimates that exclude them from

being considered supercolliders or superavoiders. For example, the Golden-winged Warbler

(Vermivora chrysoptera) is a Near Threatened species on the IUCN red list [50], and had a risk

Fig 4. Scatterplots of correlations of previous species risk assessments with the species net vulnerabilities from

our analysis. P-value, Pearson product-moment correlation (r), and linear trendline shown for each graph. Relative

abundance data for our analysis came from point counts conducted within 36 km of the location of collisions.

Collision data came from daily monitoring of buildings along two highly urban routes within Minneapolis and

St. Paul, MN, USA. (A) Species vulnerabilities calculated by Arnold and Zink [4] are weakly correlated with our species

net vulnerabilities. Arnold and Zink used Partners in Flight estimates to determine relative abundances of species and

used collision data from select buildings as well as communication towers for their analysis [4]. (B) Species risk

assessment calculated by Loss et al. [2] was not correlated with our species net vulnerabilities. Loss et al. also used

Breeding Bird Survey data to assess relative abundances of species but collision data came from building collisions in

residential and urban areas throughout North America [2]. (C) Aggregate species risk levels (calculated by using our

data and mimicking the Arnold and Zink analysis [4]) are strongly correlated with our species net vulnerabilities.

https://doi.org/10.1371/journal.pone.0201558.g004
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level of -0.499 ± 0.924 (random effect estimate ± shrinkage estimate); the large shrinkage esti-

mate for the species–in part due to the small sample size (n = 7)–made it impossible to classify

this species as a superavoider, despite a trend towards avoidance (S2 Fig). While acknowledg-

ing the conservativeness of our classification of superavoiders and supercolliders, the relatively

few obvious supercolliders and superavoiders may explain why early work on susceptibility to

collisions, which relied on more limited datasets, found no differential susceptibility to colli-

sions by species [9]. Were our analysis to be replicated in other locations across North Amer-

ica, particularly in locations in the Western part of the continent, where avian communities

are different from the Upper Midwest, we would expect some differences in the particular spe-

cies that are classified as superavoiders or supercolliders.

Our findings also corroborate the more recent work on susceptibility by species that relied

on national abundance metrics, demonstrating that some species are much more susceptible

to collisions than can be explained by their abundance and others are much less susceptible to

collisions [2,4]. In contrast to those other studies, our analysis is also able to show a clear taxo-

nomic connection to collision risk at higher phylogenetic levels than species; both family and

genus classifications were part of our top model. Previous work was only able to demonstrate

increased collision risk for 1 family and decreased collision risk for a second [4]. Within our

analysis, Parulidae are more variable in their collision risk than any other family. The variabil-

ity we observed is likely explained by the diversity of collision risks for the Parulidae genera in

the analysis: 3 genera were classified as supercolliders (Seiurus or Ovenbirds, Geothlypis or Yel-

lowthroats, and Vermivora); 2 more genera had positive random effect estimates that did not

qualify as supercolliders (Mniotilta and Setophaga); and the remaining 4 genera had negative

random effect estimates though they did not qualify as superavoiders (Dendroica, Parula, Pro-
tonotaria, and Wilsonia). In addition to 3 warbler genera, 4 other genera of birds are supercol-

liders: Zenaida, Zonotrichia, Junco, and Turdus. In contrast, only one genus, Vireo, is a

superavoider. The extent of these higher order taxonomic links to collision risk suggests that

there may be evolutionary explanations for why some birds hit buildings more than others.

There may be some behavioral or morphological shift(s) in the evolutionary history of Seiurus,
Geothlypis, and Vermivora that not only distinguishes them from other Parulidae, but also

makes them more susceptible to bird-building collisions. However, such conclusions should

be tempered by the often small number of species within many of these genera–in some cases

only 1 or 2 species were included in a genus as part of this analysis–which may have resulted in

species-level differences in collision risk being attributed to the genus-level as part of the

modeling process.

There was a high correlation between the risk assessment based on random effects and that

based on the Arnold and Zink [4] style of assessment (r = 0.803), (Fig 4C), suggesting that the

dataset determines the risk assessment outcome more than the analysis choice. While there

was a significant correlation with Arnold and Zink [4] and a non-significant correlation with

Loss et al. [2], both correlations were weak and overall reveal that the risk assessments found

with our data are different from those found previously (r = 0.260,– 0.120, Fig 4A and 4B,

respectively). While no formal analytic comparison was possible with the other localized study

of species susceptibility, and informal comparison showed substantial differences; for example,

Wittig et al. [26] identified Vireonidae as colliding more than expected based on abundance

while we classified Vireo as a superavoiding genus. There are 3 possible reasons for these

differences with national-scale analyses. The first is seasonality; our analysis only used spring

migration while both Arnold and Zink [4] and Loss et al. [2] used data from spring and fall

migration periods. The age distribution of spring migrants is decidedly different from fall

migrations and could lead to behavioral shifts for some species that would change their risk

assessments, but it seems unlikely that this could account for the substantial shifts between risk
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assessments in both directions that were seen in the comparison between Loss et al. [2] and

our assessment (Fig 4B). The second possible explanation is the composition of the buildings

used in the analyses. Arnold and Zink used solely urban data from 3 cities where monitoring

focused on high-collision buildings [4]. Loss et al used data from buildings across the urban to

rural gradient [2]. Our analysis used urban buildings with a range of collision rates. If species

susceptibility varies based on building or landscape features–and Loss et al. provide some evi-

dence that it does [2]–then the buildings used for determining collision numbers could be

affecting the species risk assessment. Further research is needed to comprehensively test if and

how differential species susceptibility to collisions changes with building or landscape changes.

The third and most likely explanation for the differences among the 3 analyses is that the abun-

dance data used in the 3 studies were substantially different. Both previous studies relied on

large regional measures of abundance using BBS [2,4]. Our study made use of locally collected

data that were also temporally specific within season. While a comparison between 2 analytical

techniques (one of which does not include temporal information) with our data suggests that

temporal specificity within season has only marginal effects on the resulting risk assessment

(r = 0.803, Fig 4C), the substantial differences between our assessment results and those of pre-

vious research suggests that the local specificity of abundance data plays an important role in

the results of the risk assessment.

In a perfect world, when testing the differential susceptibility of species to building colli-

sions, a researcher wants a snapshot of the total number of birds of each species present in the

area the night before and the day of the records of collision. However, the tools to capture such

a snapshot do not yet exist, especially within the budget considerations of bird-building colli-

sion research. While imperfect, point count data along the major migration and habitat corri-

dor in the area of collisions measured within the same week as those collisions are a reasonably

good means of measuring local abundances and testing which species are most at risk and least

at risk of colliding with windows, as long as analyses acknowledge that some species cannot be

analyzed in this fashion if point-count data will be poor at detecting these species (such as noc-

turnal or especially secretive species). Compared to prior analyses, our analysis was able to

match abundance and collisions at weekly and regional scales rather than aggregating colli-

sions across entire years and matching migratory season collisions with abundance records for

breeding seasons in areas northward of the location of the collisions [2,4–6]. While we have

not yet achieved the idealized study, we have come much closer than any previous analysis.

Both of our datasets were collected by Citizen Scientists, which are notorious for being of

poorer quality than data collected by paid monitors/professional scientists [51,52]. This poor

quality reputation is not always justified, and that is particularly true of both datasets used in

this study [51]; both Citizen Science monitoring programs required relatively intensive train-

ing prior to collection of data by volunteers and data entry was managed by the professional

organizers of the projects (see Methods). Additionally, in the case of Project BirdSafe (collision

monitoring), all species identifications were verified at the end of each season by multiple

avian experts prior to data entry.

The differences from previous studies and improved specificity of our analysis, both tempo-

rally and spatially, has implications for mitigation of building collisions because our analysis

shows that the majority of species do not have variable susceptibility beyond that explained by

abundance and timing (diurnal vs nocturnal) of migration and that the best expenditure of

efforts for those species is to find ways of modifying or designing buildings that make them

more visible and/or less deadly to all species. However, it is also important to identify those

species that are most susceptible to building collisions; for these species, generalized mitigation

efforts may be insufficient to prevent building collisions. Research that identifies the behav-

ioral or physiological characteristics that affect susceptibility can make it possible to enact
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targeted modifications of buildings that prevent collisions by these supercolliders. Given the

limited research on the physiological and behavioral reasons behind building collisions,

research focused on the species and genera identified in this analysis as supercolliders and

superavoiders could be helpful in improving our understanding of why birds fly into windows.

For example, within Parulidae, Ovenbirds (Seiurus) and Yellowthroats (Geothlypis) are highly

susceptible to collisions while Protonotaria and Wilsonia are much less susceptible and possi-

bly even avoid building collisions to some extent. Similarly, White-throated Sparrows (Zono-
trichia albicollis) and Field Sparrows (S. pusilla) are at opposite ends of the collision risk

spectrum despite their relative phylogenetic proximity. Research that focuses on the physiolog-

ical and behavioral differences between these clades could be especially fruitful to determining

what makes some birds more likely to hit buildings than other birds.

Conclusion

In summary, it is possible to use local point count data to determine relative abundances of

species and analyze susceptibility of window collisions in terms of phylogenetic and behavioral

characteristics. Our findings from such an analysis confirm that for many species, abundance

and timing of migration are the predominant determining factors for collision risk, but that

for 20% of species, the species, genus, and family of a bird may affect the collision risk. For

these birds, further research is needed to determine what the physiological or behavioral fac-

tors are that lead to building collisions and if any of these factors also relate to the phylogenetic

trends of collision risk. Potentially, these are species and taxa that need to be the focus of con-

servation efforts both for mitigating collision mortality and for supporting reproduction and

survival throughout the lifecycle of these species to minimize the damage that collisions cause

to these populations. Furthermore, understanding these trends in susceptibility can inform the

direction for future research and improve understanding of the physiological and behavioral

causes of bird-building collisions, thus improving the efficacy of efforts to prevent building

collisions–one of the greatest sources of direct avian mortality.

Supporting information

S1 Fig. Caterpillar plot of the family random effects estimates ± shrinkage estimates within

the top model: Abundance+Timing+(1|Family/Genus/Species). With the exception of Paru-

lidae, all families have similar random effect estimates. Parulidae has a greater shrinkage esti-

mate than all other groups, 5.6 × 10−4, indicating greater variability in the risk of collisions

among Parulidae species than among species of any other family.

(TIF)

S2 Fig. Caterpillar plot of the species random effects estimates ± shrinkage estimates

within the top model: Abundance+Timing+(1|Family/Genus/Species). Thirteen species

have random effects estimates ± shrinkage estimates completely greater than zero, indicating

supercolliding species and are shown in green. Only one species (Field Sparrow) has a random

effects estimate ± shrinkage estimate completely less than zero, indicating a superavoiding spe-

cies and is shown in purple.

(TIF)

S3 Fig. Caterpillar plot of the genus random effects estimates ± shrinkage estimates within

the top model: Abundance+Timing+(1|Family/Genus/Species). Only Vireo has a random

effect estimate ± shrinkage estimate that is completely less than zero, indicating a superavoid-

ing genus and is shown in purple. There are 7 genera that have random effect estimates ±
shrinkage estimate that are completely greater than zero, indicating supercolliding genera:
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Seiurus, Zenaida, Zonotrichia, Junco, Turdus, Geothlypis, and Vermivora, and are shown in

green. Note that 3 of these genera (Zenaida or Zenaida doves, Junco, and Turdus or thrushes)

are single species genera with the species included in this analysis. Additionally, Seiurus or

ovenbirds and Zonotrichia or American sparrows are 2-species genera with the species

included in this analysis.

(TIF)

S1 Table. Table of collision records of all birds collected by Project BirdSafe during April

and May of 2007 through 2010. Every bird collected by Project BirdSafe citizen scientists was

recorded and the species identification of all collected carcasses was verified by an expert team

prior to data entry. Only birds collected in April and May of the spring monitoring season

could be considered for our analysis because these were the only weeks with concurrent abun-

dance data from the IBA monitoring effort. Bird collision records were summed by species

and week prior to analysis.

(XLSX)

S2 Table. Post-hoc test of robustness to detection probability errors. Random effect esti-

mates (REE) and shrinkage estimates (SE) for each species along with coefficient of abundance

from top supported model (0.4349) and the correction factors used to center and scale the rela-

tive abundance values (adjusted abundance = 30.697�relative abundance– 0.6451) were used

to calculate the change in abundance estimate necessary to result in a change in the classifica-

tion of a species as supercollider, superavoider, or neither (ΔAbd). The classification of a spe-

cies would change if REE ± SE for a supercollider or superavoider species was to shift to

include 0 and for a species that was neither a supercollider nor superavoider, the classification

would change if REE ± SE shifted to no longer include 0. ΔAbd was combined with the average

relative abundance for each species to find the percent change in abundance necessary to

change the classification of each species. Species are listed in order of increasing percent

change. Species with common names in bold are classified as supercolliders or superavoiders.

(DOCX)

S3 Table. Table of collisions of all permanent resident species removed from dataset

prior to analysis. Numbers represent the total number of individual birds recorded as collid-

ing with a building during springs 2007 through 2010. Those species with no collisions are spe-

cies that were observed in point counts but had no records of collisions during the study

period.

(DOCX)

S4 Table. Table of data points removed from analysis for having zero point-count detec-

tions in a week but a non-zero number of collisions in the same week. Data removed from

analysis due to uncertainty about the cause of the zero point-count detection. Table sorted by

species common name and then by the first date of the week for each data point. Number of

Collisions indicates the number of collisions by that species that were recorded by Project

BirdSafe monitors during the week that started with the date for that row. 88 data points were

removed with this restriction, representing 39 different species. Only 5 species were completely

eliminated from the analysis with this restriction: American Woodcock (Scolopax minor), East-

ern Whip-poor-will (Caprimulgus vociferus), Fox Sparrow (Passerella iliaca), Pied-billed Grebe

(Podilymbus podiceps), and Rusty Blackbird (Euphagus carolinus).
(DOCX)

S5 Table. Table of taxonomic classifications, natural history traits, collision, and relative

abundance data used in analysis as well as and random effect estimates from top supported

Bird-building collision risk assessment with citizen-science datasets

PLOS ONE | https://doi.org/10.1371/journal.pone.0201558 August 9, 2018 19 / 23

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201558.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201558.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201558.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201558.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201558.s008
https://doi.org/10.1371/journal.pone.0201558


model for all species included in analysis. Migrant represents the distance a species migrates:

long distance (LD), short distance (SD), or other migratory pattern (Other). Timing represents

the time of day a species migrates: diurnal or mostly diurnal (Diurnal), nocturnal or mostly

nocturnal (Noct), or other migrants (Other). Foraging represents the foraging behavior of a

species: aerial foragers (Aerial), bark gleaners (Bark), foliage gleaners (Foliage), ground forag-

ers (Ground), hawking foragers (Hawks), hover gleaners (HoverGlean), and other foraging

strategies (Other). Natural history traits based on information from Arnold (Arnold and Zink

2011) except for the following species, which were completed using the species records from

Birds of North America Online: Alder Flycatcher, Double-crested Cormorant, Harris’s Spar-

row, Killdeer, Mallard, Sora, Virginia Rail, and Wood Duck (Rodewald 2015). Number of col-

lisions represents total number of collisions by species used in analysis, while species specific

sample size represents the number of data points included in the model for that species. Aver-

age relative abundance represents the average of relative abundance values used across all data

points for each species. Random Effect Estimates represent the estimated random effect size

for each species, genus, and family. Shrinkage Estimates are a measure of variance of random

effect estimates, for each species, genus, and family.

(XLSX)

S6 Table. Table of the calculated Incidence-Rate Ratios (IRR) for all species. For each spe-

cies, the 3 random effects estimates for the Family, Genus, and Species were summed and the

sum was then used as the exponent of e to calculate the Net IRR. In other words, for each spe-

cies i, Net IRRi ¼ eâFamily ½Familyi �þâGenus½Genusi�þâSpecies½Speciesi�. IRR can be interpreted as the number of

times it is more likely for that species to collide with a building than the model average. As a

specific example, a White-throated Sparrow (Z. albicollis) is 26.12 times more likely to hit a

building than the average nocturnal migrant with the same relative abundance during the

same week of spring migration.

(DOCX)

S7 Table. Table of match-up of monitoring between Project BirdSafe and Mississippi

River Twin Cities Important Bird Area Landbird Monitoring Project for spring 2009.

Number of routes (for Project BirdSafe) and sites (for IBA) monitored per day during the

overlapping spring 2009 season.

(XLSX)

S1 Appendix. Post hoc assessment of random effect estimate robustness to detection prob-

ability variability.

(DOCX)
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Executive Summary 
Most migratory songbirds are nocturnal migrants, which makes them vulnerable to 

collision with lighted structures they encounter along their flight path during migration. The 
Fatal Light Awareness Program (FLAP) was formed by a group of concerned citizens to rescue 
and relocate disoriented birds trapped in the city centre, and to record the number and species of 
birds killed due to collision. Following the initiation of the Bird Friendly Building (BFB) 
Program by FLAP and World Wildlife Fund Canada in 1997, light emissions at 16 buildings in 
the downtown core of Toronto were also monitored during migration seasons. This report 
summarizes data on birds and light emissions collected from 1997 to spring 2001. This data 
provides evidence that: 

 
!"the number of fatal bird collisions increases with increasing light emissions 
!"the number of birds entrapped by particular buildings rises with increasing light 

emissions 
!"the BFB has been successful in reducing light emissions 
!"weather is the most important factor influencing collision risk 
!"nights of heavy cloud cover and/or nights with precipitation are the conditions 

most likely to result in high numbers of collisions. 
 

A survey of building managers involved in the BFB program revealed that tenant 
education programs about bird collisions had increased awareness of the problem. Managers 
found that most tenants were willing to participate in the BFB, which they saw as a “green” 
initiative that had a positive environmental impact. Many buildings had installed or re-
programmed automated light systems that reduced the number of night-time hours that lights 
were left on. Several buildings that had limited success in reducing light levels between 1997 and 
fall 2001 have recently installed automated timer systems that should dramatically improve their 
light emission reductions in the future. In general, the BFB represents a win-win situation for 
property managers because reducing the period of time that lights are on not only reduces bird 
mortality but also results in substantial cost savings due to reduced energy consumption. An 
estimated $3.2 million could be saved if all of the 16 monitored buildings employed the night-
time light emission reductions already in place at several of the BFB sites. Such a reduction in 
power consumption would result in an estimated reduction of 38,400 tons of CO2-emissions from 
fossil-fuel burning energy sources. The BFB therefore contributes locally to a reduction in bird 
mortality, and globally to a reduction in carbon dioxide emissions, thus reducing the production 
of greenhouse gases that lead to global climate change. 
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Introduction: 
 In recent years, scientists have raised the alarm that many birds species are undergoing 
population declines, and attributed these declines to factors such as habitat loss, house cats, 
environmental toxins, oil spills, electrocution, and disease (e.g. Erickson et al., 2001). Any 
additional sources of mortality, which may add to these threats, are therefore cause for concern. 
Most migratory songbirds are nocturnal migrants, which makes them vulnerable to collision with 
lighted structures they encounter along their flight path, particularly when inclement weather 
forces birds to migrate at low elevations. In addition to mortality directly caused by collision, the 
apparent entrapment of birds at artificial light sources results in exhaustion, disorientation, and 
increased risk of incurring secondary injuries. The problem of collisions of nocturnally migrating 
birds with Toronto’s tall buildings has been recognized for three decades, and concern for this 
issue spawned the creation of the Fatal Light Awareness Program (FLAP) in 1993. FLAP and 
World Wildlife Fund Canada produced a comprehensive report on this issue (Evans Ogden, 
1996), and for a detailed background on the subject of building collisions, bird migration 
behaviour, light entrapment, and the history of the problem in Toronto, the reader is referred to 
this report, entitled “Collision Course: The Hazards of Lighted Structures and Windows to 
Migrating Birds.”  

The recommendations of this earlier report were used to launch FLAP’s Bird Friendly 
Building (BFB) Program in 1997, with the goal of the program to reduce light emissions, and 
ultimately reduce the mortality of birds due to nocturnal collisions with lit buildings. This 
program initially involved establishing contact with building managers in Toronto’s downtown 
core, and educating building managers and tenants about the issue. Subsequently, formal 
agreements were made between FLAP and building managers. When managers agreed to take 
steps to reduce light emissions, FLAP formally designated such structures as “Bird Friendly 
Buildings.” To determine the effectiveness of the BFB program in reducing light emissions 
during migration seasons, FLAP has monitored light emissions from 16 core area buildings since 
1997. Concurrent with light emission monitoring, FLAP has continued its tireless efforts 
throughout spring and fall migration seasons to collect dead birds, care for injured birds, and re-
locate uninjured birds to natural areas outside of the city centre, while recording data on all birds 
collected or captured. The purpose of this report is to summarize the progress of the BFB 
program thus far, to interpret trends in the bird collision data with reference to light emissions 
and weather, and to make recommendations to ensure and enhance the continued success of this 
program. 
 
Specifically, this report will summarize an analysis of:  
 
(1) Data on the relationship between light emissions and the likelihood of bird collisions over all 

years, and looking specifically at spring 2001; 
(2) Data on changes in quantity of light emissions since BFB’s inception; 
(3) Data on the relationship between weather and the likelihood of bird collisions; 
(4) Data on which species are particularly at risk of collision; 
(5) A survey of responses by building managers to questions about how light emissions were 

reduced, (or why they were not), what effects the BFB program had on its tenants, and where 
data was available, how much energy and/or money was saved as a result of reduced light 
emissions; 

(6) Additional benefits of the program such as cost savings and CO2 emission reductions. 
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The continued operation of the Bird Friendly Building Program will also be discussed in 
relation to expected and current trends, such as building retrofit incentives, lighting laws, 
building security issues, West Nile Virus, and the Canadian Endangered Species Act.  
 
Methods 
I. Bird collision data 

During migration seasons, FLAP volunteers patrol Toronto's downtown core anywhere 
between midnight and 9:30 am to capture live birds and collect the dead ones. Volunteers capture 
live birds using nylon nets, placing them immediately in paper bags to minimize stress and 
provide a safe means for transport. All birds are identified by species if possible (a small number 
of birds are recorded as species unknown, but included in total numbers). The location of each 
bird with respect to the nearest building is also recorded. Uninjured birds are relocated to more 
suitable habitat outside the city, and released. Two to three volunteers collect and rescue birds on 
any given night. The same route is used on each night to ensure that all affected birds are 
retrieved before dawn, in order to minimize scavenging and hunting of birds by predators (gulls, 
etc), and to minimize disturbance and stress to birds caused by the early morning arrival of office 
workers. While the total number of nights of volunteer activity varies between seasons and 
between years, the search effort on each individual night is assumed to be constant (i.e. fewer 
volunteers search for a longer time period, or many volunteers search for a shorter time period, 
with either scenario resulting in the maximum possible number of birds retrieved). This 
assumption allows us to directly compare seasonal and annual values for average number of 
birds killed and found alive per night. Data from the fall and spring of 1997-2000, and from 
spring 2001 were used in the analyses. The distributions of average numbers of birds killed and 
average numbers of birds found alive per night were not normally distributed1, and were log 
transformed for standard univariate and stepwise multivariate linear regression analyses. Data 
from the five nights in spring 2001 when both light emission and bird numbers were recorded 
was converted to presence/absence data (0 = no birds, 1 = at least 1 bird found) for use in logistic 
regression analyses. Statistical analyses were performed using the Statistical Analysis System 
(SAS Institute, Inc., 2000). 

Light emission data 

 Light emission levels during migration seasons were recorded for 16 buildings in the 
downtown core of Toronto beginning in 1997. The managers of each of the buildings had 
previously joined FLAP’s BFB program. Light emission was quantified by taking digital 
photographs of buildings at night. Eight to ten times per migration season (with dates randomly 
selected), a digital photograph was taken of one side of each building. The same building side 
was photographed on all subsequent dates. In the first years of light emission data collection, all 
four sides of each building were photographed. All sides were determined to have equal 
percentage light emissions, so in subsequent years only one side of each building was 
photographed, and assumed to represent all sides of the structure. Photographs were taken 
between 4:30 and 5:45 am. From the photographs, a count was made of the total number of 
lighted windows visible. The percentage of windows lit was calculated as the number of lit 

                                                 
1 A normal distribution is a statistical term that refers to a frequency distribution of data points around the mean 
(average), which resembles a bell-shaped curve. Many statistical tests require that data be normally distributed, and 
log transformation is used in this case to transform the data into a distribution that is more normal than the raw data. 
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windows divided by the total number of visible windows. A seasonal average for each building 
was then calculated. Because buildings varied greatly in size (see Figure 1), light percentage 
values were corrected for the size of the building by multiplying the proportion of light emitted 
by the number of floors of the building, giving a “light index” value. For example, a building 10 
stories high with 10% of windows lit emits significantly less overall light than a building 100 
stories high with 10% of windows lit (i.e. 10 x 10% is equivalent to 1 floor of windows lit, while 
100 x 10% is equivalent to 10 floors of windows lit). This light index was therefore used to 
represent total light emission in analyses of the effect of light on bird collisions. Data from 
spring and fall of 1997-2000, and from the spring of 2001 were used in light emission analyses. 
For analyses combining all years or multiple seasons, average light index values were computed. 
For analyses of 2001 data, light emission raw data was used from all dates on which it was 
quantified concurrently with bird numbers: March 22, April 6, 9, 12, 16 and 30. A logistic 
regression was used to determine whether buildings with higher light output had a greater 
likelihood of killing or entrapping birds.  

 The operating hypothesis underlying FLAP’s work has been that light emissions are the 
main cause of bird collisions. However this hypothesis has not hitherto been scientifically tested. 
One alternative hypothesis would be that the number of collisions is simply a function of the 
height of the building, with taller buildings providing a greater surface area for collision, 
regardless of the amount of light emitted. This alternative hypothesis was therefore tested by 
examining the relationship between the number of floors of each building versus the number of 
birds killed or found alive at each building. 
 
Weather data 
 Weather data on daily minimum and maximum temperatures, daily precipitation, hourly 
cloud amounts, wind speed, and wind direction for the spring and fall migration periods were 
obtained from Environment Canada. Cloud data was obtained at Vancouver airport, wind data 
was obtained from a weather monitoring station on Toronto Island, and temperature and 
precipitation data were obtained from a weather station located near the University of Toronto. 
All stations are presumed to closely reflect the weather conditions that migrating birds would 
have experienced in the vicinity of Toronto’s downtown core. To perform statistical analyses that 
included both light emission data and weather data, seasonal weather indices were calculated. To 
standardize the period of time over which weather was considered to influence migration, spring 
migration was considered to be March 1 to June 30, and fall migration from August 1 to 
November 30. This closely paralleled the period of time that FLAP volunteers monitored birds 
and light emission in each year (mid-March to early June in spring, and mid-August to early 
November in fall). The seasonal weather indices calculated represented the summation of 
weather effects over the entire spring or fall season. Seasonal indices for rainfall, precipitation, 
cloud amounts, and wind speed were calculated as the sum of the daily averages for each 
parameter over the entire season. Warmth-sum values represent the sum of minimum and 
maximum average daily temperatures over the entire season. This parameter is considered an 
ecologically relevant measure of ambient temperature, and has been used in previous studies on 
the effects of weather on birds (e.g. Perrins & McCleery, 1989). 
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Building Manager Survey 
 
Phone interviews were conducted with building managers. Each manager was asked to comment 
on: 

(1) how building management accomplished reductions in light emissions, 
(2) if unsuccessful in reducing light emission levels, the explanation for this, 
(3) the effect that participation in the BFB program had had (positive or negative),  
(4) the energy and cost saving if light emissions were reduced, 
(5) any recommendations for improving the BFB program in future. 

 
Interviews were completed with 15 of the 16 buildings for which light levels have been 
monitored. The representative from the Merrill Lynch tower did not respond to repeated attempts 
at contact for an interview. 
 
Results:  
Influence of light emissions on bird collisions  

Before examining the effect of light emission on collision rates, we examined building 
height (Figure 1) as an alternative explanation for the number of birds killed or found alive over 
the entire period from 1997-2001. Building height, measured in terms of the number of floors, 
was indeed correlated with the number of birds killed and found alive, explaining nearly 5% of 
the variance in numbers of birds killed (r2 = 0.049, F = 7.36, = p = 0.0075), and explaining over 
6% of the variance in the number of birds found alive (r2 = 0.064, F = 9.62, p = 0.0023)2. 
However, when building height and light emission (referred to hereafter as light index) were 
both taken into account simultaneously (using a stepwise multiple regression analysis), the 
influence of building height was no longer significant, and light emission was the most 
significant factor in explaining the number of bird collisions (birds killed: r2 = 0.075, F = 11.36, 
p = 0.0010; birds found alive: r2 = 0.080, F = 12.21, p = 0.0006).  

As illustrated in Figures 1 and 2 examining data for the spring of 2001, the tallest 
buildings are not necessarily those emitting the most light. For example, Canada Trust is the 
fourth tallest building, yet it had the 5th lowest index for light emissions in spring 2001. 
Conversely, the Sun Life of Canada Tower is the second shortest building, but had the 6th highest 
light emission index in spring 2001. Figures 3 to 7 illustrate the proportion of bird deaths 
occurring at each monitored building during each year in which complete data was available for 
both migration seasons (1997-2000). 

The effect of light emissions on the numbers of birds killed and found alive was 
investigated in all fall data, all spring data, and in fall and spring combined for all years. In 
spring, both the number of birds killed and the number of birds found alive were significantly 
correlated with light emissions (Figure 8 & 9). As the light index increased, the number of birds 
                                                 
2 In regression analyses, which look at the relationship between one or more independent variables (predictors) and a 
dependent variable, r2 refers to the amount of variance in the dependent variable explained by one or more of the 
predictors. The percentage of the variance that the predictor variable explains is equal to r2 x 100. Variance is a 
measure of the amount of variability, and indicates how much the scores deviate from the average (or mean) values. 
The p value is the statistical value that indicates the significance of the finding. If p ! 0.05, the slope of the 
relationship between the variables is considered statistically significant, meaning that it can be considered different 
from zero (i.e. there is a relationship between the variables). F values are a standard statistical value reported for 
regression analysis (Miles and Shevlin, 2001). Values for p in a stepwise multiple regression are considered 
significant if p ! 0.15. 
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killed or found alive showed a corresponding increase. In fall, the number of birds found alive 
was significantly correlated with building light indices (Fig. 11), showing the same relationship 
as in spring data, but this trend was not significant for the number of birds killed (Fig. 10). 
However, combining spring and fall data for all years, we see a significant positive correlation 
between light emissions and the number of birds killed or found alive (Figures 12 & 13).  

 
2001 data 

The results from the logistic regression indicate that over the five dates in spring 2001 on 
which light emissions and bird kills were recorded concurrently, bird deaths were significantly 
more likely to occur at buildings with higher light emissions (Figure 20) (Wald statistic = 4.93, p 
= 0.026 level, model predicted 61.5% of the responses correctly). Similarly, there was a greater 
likelihood of finding birds alive at buildings emitting greater amounts of light (Figure 21) (Wald 
statistic = 5.97, p = 0.015, model predicts 68% of the responses correctly).  
 
Changes in light levels since the inception of the BFB program 
 An important question for FLAP is whether the BFB Program has successfully reduced 
overall light emissions since the program’s inception. Figures 14 and 15 show the annual light 
indices for the years 1997 through 2000 for fall, and for the years 1997 through 2001 for spring. 
These figures show that there has been a marginally significant reduction in light emissions from 
buildings in fall from 1997 through 2000 (r2 = 0.060, F = 3.92, p = 0.052). However there has 
been no statistically significant reduction in light emissions from buildings in spring during the 5 
years since 1997 (r2 = 0.017, F = 1.36 , p = 0.25). Nevertheless, combining spring and fall for all 
years (Figure 16), there has indeed been a statistically significant reduction in light emission at 
the 16 buildings monitored (r2 = 0.037, F = 5.37, p = 0.022). Error bars on graph represent 
standard deviations from the average light emission.  
 
Influence of weather 
 Weather factors have been reported in a number of studies to have a profound influence 
on the number of bird collisions during migration (e.g. Verheijen, 1981; Aldrich et. al., 1966). 
The relationship between seasonal weather patterns and the number of bird collisions was 
examined, while also taking light emission into account as an additional factor in the analysis. 
Using a multiple regression to examine the relative importance of temperature, rainfall, wind, 
cloud cover, and light index, total cloud cover was found to be the most important variable 
predicting the number of bird deaths, followed by total rainfall (Figures 17 and 18). Total cloud 
cover alone explained 43% of the variance in bird mortality, rainfall alone explained 21% of the 
variance, and cloud and rainfall together explained 64% of the variance in bird deaths. Light 
index was not a significant factor in predicting bird mortality when these two weather variables 
were taken into account. Examining the number of birds found alive versus weather factors, wind 
was the most important factor. Wind explained 44% of the variance in numbers of birds found 
alive. 
 
Species-specific risk of collision 

Trends are quite consistent between years in terms of which species represent the greatest 
proportion of total kills. In the years 1997-2000, combining both migration seasons, White 
throated sparrows (Zonotrichia albicollis) and Ovenbirds (Seiurus aurocapillus) consistently 
represented the top two species as proportions of the total birds killed. Common Yellowthroats 
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(Geothlypis trichas), Brown Creepers (Certhia americana), and Hermit Thrushes (Catharus 
guttatus) were also reported each year as amongst the top ten kills for species. As reported 
previously (Evans Ogden, 1996), banding data from Toronto Island suggests that these numbers 
do not simply reflect a greater preponderance of these species flying through the area, but 
apparently result from a species-specific propensity for collision. Why do some species appear to 
be more vulnerable than others to collision? At the present time, insufficient research has been 
done on species differences in reaction to artificial light during migration, and it is too early to 
speculate as to why these species-specific trends are seen. This is clearly a much-needed area of 
research for future studies. Nevertheless, the fact that some species are at greater risk of collision 
should be taken into account when making risk assessments for particular species in the listing 
process for endangered species. 

 
Building manager survey 

Building managers responded to questions about how light emissions were reduced, (or 
why they were not), what effects the BFB program had on its tenants, and when data was made 
available, how much energy and/or money was saved as a result of reduced light emissions. The 
following summarizes the input from the 15 building managers that responded. 
 
Light reduction strategies and other bird-friendly measures 

Managers cited a variety of mechanisms by which light emissions had been reduced. A 
key initiative in most buildings (at least 12 of 15) is a tenant-awareness program encouraging 
selective use of lights, and involves a mail-drop of memorandums to tenants twice each year, 
and/or posting of reminders in the building lobbies just before each migration season. At least 
two buildings (BW & CT) also send email reminders to tenants to tell them when migration 
seasons have begun. One manager (RB) commented that light reduction information had been 
written into the tenant manual. Bay Wellington Tower had issued its security staff with bird 
identification books and gave staff instructions on how to deal with dead or injured birds. If 
buildings did not send out specific information on light reduction during migration, tenants were 
reminded of bird friendly building practices in the building management’s quarterly newsletter 
(RA).  

At least 10 of the buildings had computer-controlled systems in place which 
automatically switched off lights at pre-programmed times. Four of the towers (CP, TD, RT, 
MT) that did not have a coordinated switch-off of lights during the period of data reported here 
(1997-spring 2001) have a new computer-automated light switch system that went into operation 
on November 19, 2001. In buildings where lights are switched off by a timer, tenants working 
after regular business hours must contact building management or security in order to switch on 
lights in specific areas of the building. At least three of the buildings had instructed tenants 
(ATT, SLC) to close window blinds when working after dark, or had instructed cleaners (CC) to 
switch off lights when cleaning work was completed. Two buildings (ATT, SLC) had 
implemented a staggered switch-on of lights in the morning. Instead of switching on lights for 
the entire building simultaneously, lights were switched on floor by floor, resulting in a gradual 
rather than instant light-up of the building. 

Several buildings were particularly progressive in pursuing unique methods of reducing 
light emissions and bird collisions. Motion-sensitive lighting is being used at Simcoe Place after 
5p.m. Measures to reduce day-time window strikes by birds have been introduced at Metro Hall, 
where adhesive material (originally designed for applying stripes on vehicles) has been applied 
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to windows (externally) in patterns that visually break up the large windows (8m / 25ft tall) on 
the lower floors into smaller parts. The shopping centre in Simcoe Place has installed speakers 
on the building roof that broadcast six different bird distress calls. This technique is presumed to 
give birds an early warning of an obstruction close by, and allows them to avoid collision. While 
this technique is an excellent idea in theory, it should be noted that this system has not been 
experimentally tested for this specific use, and testing is recommended before widespread 
deployment of similar systems on other buildings. Testing is particularly important in light of the 
fact that some species of birds respond to distress calls by flying towards the source of the call, 
rather than away from it (Haase, 1998). 
 
Challenges 
 Several towers have experienced difficulty in reducing light emissions. The Toronto 
Dominion Tower is the most notable of these cases, and in the fall of 2000 light emissions at this 
tower exceeded all of FLAP’s previous records for this building, reaching 60% of windows lit, 
the highest percentage emissions of any building monitored since 1997. The TD management 
explained that while tenant education has been put into place, the reasons for these high levels of 
light emissions were a lack of technology with which to control the lights, and that large 
numbers of tenants in this building work after hours. The promising news for this building, as 
well as the Canadian Pacific tower, the Royal Trust Tower, and Maritime Life tower, is that the 
lighting system in these four buildings has recently been upgraded, and automated lighting using 
the new technology went into operation on November 19, 2001. This new system will switch 
lights off at 9p.m., compared with the previous switch-off time of midnight. Amongst the 16 
monitored, all four of these buildings have had relatively high light emissions, and thus this new 
system should have a dramatic positive impact in reducing light emission indices for these 
buildings.  
 The Sun Life Tower, where a sudden jump in light emissions was seen in the spring of 
2001 compared with previous years (up to 38% from the previous year’s 19%), explained that 
this building had had a change in property management in the summer of 2001, and prior to that 
the building was without property management for a period of time. The memos that had 
previously informed tenants about migration periods and light reduction were not sent out during 
this period. The new management suspects that lack of management and then lack of reminders 
during this period of transition probably explains the anomalous result for the spring of 2001.  
 
Effects of the program on managers, staff, and tenants  

The majority (14/15) of managers responded that the BFB had had only positive or 
neutral effects on building management, staff, and tenants, and only one building (RA), 
responded that the program “took some getting used to,” and initially was met with some 
reluctance. In general, managers commented that tenants were becoming increasingly aware of 
environmental issues, and were thus enthusiastic and receptive about participating in the BFB 
program as a positive “green” initiative. From the perspective of building managers, reduced 
light emission as a result of the BFB was cited by many as being “a win-win situation”, since 
reduction in light emission resulted in reduced power consumption and ultimately decreased 
operating costs.  
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Energy, cost and CO2 reductions 
 Building managers were asked to comment on whether energy and cost savings had 
resulted from participation in the BFB program, and were asked to provide specific details on 
these savings. Many of the building managers had not kept a record of cost savings, did not have 
access to this data, or were reluctant or not permitted to divulge this information, considered to 
be confidential tenant information. However, three buildings (MH, RB, SLT) were able to 
provide specific details, and an additional four made general comments about savings. 

Seven of the 15 building managers interviewed believed that light reduction measures 
taken as part of the BFB had resulted in significant energy and cost savings (BW, CT, FC, SP, 
MH, RB, SLT). Four buildings (CP, TD, RT, MT) have only recently (November 2001) installed 
and implemented an automated lighting system, and expect to see significant energy and cost 
savings in the future, but have not had the system in place long enough to quantify these savings 
as yet. The manager at two of the buildings (ATT, SLC) believed that some savings may have 
been realized, but did not feel that these were substantial. Commerce Court West outlined that 
their automated lighting system had been in place since before they joined the BFB program, and 
thus there would be no difference between energy consumption before and after they joined the 
program. Only one tower, the Richmond-Adelaide Centre, represented an anomaly in terms of 
cost savings. The manager here believed that changes in lighting procedures had actually 
increased power consumption and consequent energy costs. He explained that this was due to the 
full automation of the switch-off times for lights. Whereas prior to the BFB, the cleaners would 
manually switch off lights after 6pm, the present automated system now turns lights off at a later 
time. Clearly this is a building where changes in the automatic switch-off system, implementing 
an earlier switch-off time, are needed. 

At Metro Hall, the savings resulting from reduced lighting was estimated at $200,000 per 
year. The exact power saving was not known as a result of wide fluctuations in electricity rates 
over time. Royal Bank Plaza was unable to divulge specific savings due to tenant confidentiality 
concerns, but management there commented that savings had been very significant, since one of 
its highest bills is for light and heat. Management stated that the cost to run one single 
fluorescent light for 24 hours over one year is $25. 

Sun Life Tower provided the greatest insight into specific energy and cost savings. 
Management cited that lighting consumed 23 kilowatts per floor, and between the two buildings, 
there were 50 floors in total. This building switches lights off between 11p.m. and 6a.m. all year 
long. This amounts to 7 hours off in each 24-hour period. At an estimated cost of 8 cents per 
kilowatt-hour, this equates to an annual savings of: 

 
23kw/floor x 50 floors x 7 hours/day x 8cents/kw-hour x 365days/year = $235, 060 
 
Commercial lighting represents 10% of the energy use in the City of Toronto (Toronto 

Atmospheric Fund, 2001). A significant proportion of that energy (<25%) is generated by power 
stations that burn fossil fuels, a process that releases carbon dioxide into the atmosphere. 
Approximately 20% of Ontario’s greenhouse gas emissions are produced by these stations (other 
sources include vehicle emissions, landfill sites, etc.). In addition to reducing bird mortality, an 
additional benefit of the BFB program is the decreased electricity consumption that results from 
turning off lights at night. This reduces demand for fossil-generated power, which in turn reduces 
the resulting CO2 emissions. Using the example of BCE Place, which is comprised of the Canada 
Trust Tower (51 stories) and Bay Wellington Tower (47 stories), electricity use at night costs 
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two million dollars per year. A reduction of just 5% would result in $100,000 in savings. At 
$0.05 per kilowatt-hour this savings would be equivalent to 2 million kilowatt hours or 1,200 
tons of CO2.3. Using the same cost and energy ratios, Metro Hall’s $200,000 annual savings 
would equate to 4 million kilowatt hours or 2,400 tons of CO2. Similarly, Sun Life Tower’s 
savings of 2, 938,250 kilowatts during night-time lights out amounts to a reduction in CO2 
emissions of 1763 tons. 
 Metro Hall and the Sun Life of Canada Tower are amongst the 4 shortest structures of the 
16 monitored (Figure 1). If we make the conservative assumption that Metro Hall represents the 
average value of total savings that could potentially be realized by all 16 towers if the same 
strategies were employed, we can make a crude estimation that an annual savings of 16 x 
$200,000 = $3,200,000 would be realized, which equates to a reduction in CO2 emissions of 
approximately 38,400 tons. Since several of the towers are more than double the height of Metro 
Hall, 3.2 million is likely to be a substantial underestimation of the true cost savings and CO2 
emissions reduction that could be realized. Nevertheless, this estimation serves to underline the 
significant role that the BFB program can play in terms of helping to reduce Toronto’s 
contribution to greenhouse gas emissions. 
 
Suggestions by managers for improvements in the BFB 
 Managers were asked to comment about the operation of the BFB program, and give 
suggestions for anything that could be improved in the future. The vast majority of managers 
were pleased with the manner in which FLAP operates the BFB, in particular the job that 
Michael Mesure, FLAP executive director, does of keeping them informed. Managers (BW, CT) 
felt that the charts and graphs provided by FLAP on light emissions in current and previous years 
were valuable to their tenant education campaigns gave management a sense of how successful 
their strategies were. They requested that FLAP provide more feedback information during the 
migration season itself, rather than after the fact, so that management could be more proactive 
about reducing light emissions during the time it matters most. One manager expressed concern 
that the photographing of only one side of a building was not a very scientific method for 
quantifying light emissions, since it could be misleading if the side photographed was not 
representative of light emission from the other 3 sides.  
 Another comment (SP) was that the issue of bird collisions had received recognition 
downtown, but it was felt that FLAP needed to expand the BFB to other areas of Metropolitan 
Toronto where there are tall office towers. This manager also commented that they would like to 
have some sort of “report card” or assessment to let them know how their building was doing, 
and would like to have feedback from FLAP more often. 
 The Royal Bank Plaza is currently working on initiating a campaign, the “Adopt a Bird 
Program,” that will extend the work of the BFB program. Similar to symbolic adoption programs 
used by other charities, this program will allow individuals or organizations to make 
contributions to FLAP that will support continued and perhaps expanded operation of the BFB 
program. 
 Another comment was that management (CC) would like more emailed communication 
from FLAP, suggesting that this was more effective (and less costly) than mailing materials, and 
email communication at the beginning of every migration season would be helpful. Flyers that 
FLAP can provide for tenants also make the job of property managers easier. Management (CC) 
also commented that Michael Mesure’s Power Point presentation to tenants was very effective, 
                                                 
3 Calculation performed by Kai Millyard, consultant to Ontario Energy Board, for the Toronto Atmospheric Fund. 
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important, and powerful. This type of direct communication between FLAP and tenants was felt 
to be far more effective than communications on the issue disseminated to tenants via property 
management.  
 One additional suggestion given (by buildings that had excellent records of low light 
emissions) was that there should be some mechanism in place so that buildings not fulfilling 
their commitment to reduce light emissions could have their BFB status revoked. It was felt that 
the BFB status should continue to be earned over time, and not be a permanent designation, but 
rather something that could be taken away if it was no longer deserved.  
 
Discussion 

The data from 1997 to spring 2001 provide evidence that: 
 
!"The number of fatal bird collisions increases with increasing light emissions, and 

is not simply a function of the relative size of the building 
!"The number of birds entrapped by lights emanating from particular buildings 

increases with increasing light emissions 
!"The BFB has been successful in reducing light emissions 
!"Weather is the most important factor predisposing birds to collision 
!"Nights of high cloud cover and/or nights with precipitation are the conditions 

most likely to result in high numbers of collisions, since birds descend to lower 
flight altitudes during such conditions, increasing their vulnerability to collision 
will tall buildings. 

 
FLAP’s data suggest that the more light a building is emitting, the higher the number of 

collisions occurring. While light emissions have not been detectably reduced in spring, the 
overall trend since 1997 has been for a reduction in overall building light emissions at the 16 
towers monitored. Since data suggest a relationship between light emissions and the numbers of 
birds killed, this reduction in light emissions since 1997 is likely to have reduced the numbers of 
birds killed in comparison to the numbers that would have been killed if no light reduction 
measures had been in place. It is important to recognize that it is problematic to directly attribute 
changes in absolute numbers of birds killed between years to changes in light emissions because 
of the multitude of other factors at play. Many external factors can result in different volumes of 
bird traffic passing through Toronto. For instance, successful breeding seasons result in inflation 
of the total population size migrating in fall because of the large number of juveniles. Weather 
during migration can affect the altitude at which birds pass through in both seasons, and thus 
determine how frequently birds are prone to collision. Over-winter survival of birds on their non-
breeding grounds affects the overall volume of birds passing through in spring. Therefore a 
comparison between buildings within the same season, (so that such external factors are 
controlled for), such as the data from spring 2001 (Figures 20 & 21), provides the best evidence 
that light reduction really does have a positive impact on bird survival by reducing the numbers 
of birds entrapped by and killed by lighted towers. This data provides scientific evidence for 
FLAP’s mission: when buildings reduce their light outputs, fewer birds are entrapped in the area 
and fewer birds are killed. 

The data are also consistent with other studies in confirming the important role of 
weather as a collision risk factor, with increased cloud cover and rainfall resulting in larger 
numbers of bird deaths. Low cloud and rain are known to cause migrating birds to descend to 
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lower flight elevations, below the cloud ceiling (e.g. Erickson, 2001). When their flight path 
during these conditions takes them over cities, light emanating from buildings or other structures 
increases their risk of collision (Larkin & Frase, 1988). Since weather conditions can often be 
forecast several days in advance, this allows FLAP to make predictions about when the risk of 
collision will be highest. This predictive capability provides the opportunity to warn BFB 
participants of nights when light reduction is crucially important. FLAP should pay particular 
attention to nights of heavy cloud and heavy precipitation that follow relatively clear, 
precipitation-free days. Under these conditions many birds will begin migration but encounter 
inclement weather when already aloft, sending them down to lower flight elevations where they 
become vulnerable to collision. 
 
Building Managers Survey 
 Building managers were generally pleased with the BFB program and their interactions 
with FLAP. One manager commented that he had seen FLAP evolve over the years from a 
relatively small-scale group of volunteers to a highly organized organization that now was able 
to “speak the same language” as building managers. The main goal of FLAP to reduce light 
emissions presents a win-win situation for office managers because saving birds represents only 
one of several benefits, including substantial cost savings due to energy reduction.  
 
Summary 
Many birds species, including a number of Canada’s migratory songbirds, are experiencing 
population declines. Unlike many of the more complex and seemingly intractable threats to bird 
populations, such as mortality due to house cats, pesticide use, oil spills, electrocution, and 
disease, nocturnal collision with buildings is a threat that is largely preventable with the flick of a 
switch. The BFB program has made measurable progress towards minimizing night-time bird 
collisions in Toronto by reducing nocturnal light emissions. An added benefit of the BFB 
program has been a reduction in carbon dioxide emissions due to reduced electricity 
consumption. As the human population climbs and resource demands grow, the cumulative 
impacts of all mortality factors on birds continue to increase. By working to minimize bird 
deaths and reverse avian mortality trends, continuation and expansion of the bird friendly 
building program into the future remains an important contribution to bird conservation.  
 
 
 



Related Issues:  
Daytime building collisions 

While working to minimize nocturnal collisions has been FLAP’s main focus, day-time 
collisions with windows are also an important concern. Nocturnal migrants that are not killed 
outright by collision with lighted windows become vulnerable to window collisions and 
opportunistic predators if they are still entrapped in the urban environment the following day. Dr. 
Daniel Klem Jr., a professor at Muhlenberg College in Pennsylvania, has researched the issue of 
bird window collisions since the 1970s, documenting window kills for 225 North American 
species and 556 species worldwide. Klem estimates that 100 million to 1 billion birds are killed 
annually by day-time window collisions at low-level structures in the US alone (e.g. Klem Jr., 
1991; 1990). Striking a window at high speed, birds die of brain haemorrhaging from the 
powerful impact. His experiments demonstrate that fit and weak birds are equally at risk. 
Window strikes occur under all weather conditions, during all seasons, at buildings of all heights, 
and with windows facing any direction. Klem's research has determined that the visual system of 
birds is simply not capable of perceiving glass as a physical obstacle. Thus wherever birds and 
glass coexist, birds are in danger. Day-time window kills have been monitored by FLAP at 
Consilium Place, which consists of three buildings almost entirely faced with mirrored glass. 
Tenants and building security staff assist FLAP with rescue efforts and in reporting the incidence 
of bird injuries and mortalities at these buildings. During migration seasons in the years 2000 and 
2001, at least 1265 bird mortalities were recorded here.  

Minimizing window kills is conceptually simple: window exteriors need to be made less 
reflective and more visible to birds. Metro Hall has already taken steps to make their ground 
level windows more visible to birds by installing adhesive material in patterns to the exterior of 
windows, and by hanging birds of prey decals inside the windows. Consilium Place has installed 
netting in specific areas near windows to reduce bird collisions with the glass. Other buildings 
could be encouraged to follow their lead, and developing strategies for minimizing day-time 
window collisions is a possible additional goal for the future of the BFB. 
 
Building retrofit incentives 

On a broader scale, the BFB program is making a national and global contribution to the 
environment by reducing carbon dioxide emissions, thus contributing to efforts to minimize 
global climate change. Recognizing that the goals of both organizations are compatible, FLAP 
has partnered with the Toronto Atmospheric Fund (TAF), a funding organization that is seeking 
to help Toronto meet its goal of reducing greenhouse gas emissions by 20 per cent by the year 
2005. TAF was one of the early sponsors of the BFB program. The TAF is one of several 
initiatives that provide financial incentives for buildings to undergo energy-efficiency upgrades. 
TAF is one of many partners in the Better Buildings Partnership, along with founding partners 
the City of Toronto, Enbridge Consumers Gas, Toronto Hydro and various Energy Management 
Firms (EMFs). EMFs provide up-front financing for energy-efficiency retrofits, with re-payment 
made later from the energy and water savings realized. The federal government also provides 
incentives for such upgrades through the Energy Innovators Initiative (EII), a program of the 
Office of Energy Efficiency (OEE). EII’s Pilot Retrofit Incentive is designed to stimulate the 
development, implementation and replication of new energy retrofit projects within existing 
buildings. EII will contribute up to 25 percent of the eligible costs of a pilot project (to a 
maximum of $250,000) if the qualified organization replicates the energy-efficient measures in 
at least 25 percent of their remaining facilities (See 
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http://oee.nrcan.gc.ca/eii/english/incentives.cfm?PrintView=N&Text=Y). Making building 
management aware of the availability of such initiatives can bolster the success of the BFB.  
 
Transport Canada laws on obstruction lighting for aviation safety 

While night-time light emissions from windows could potentially be eliminated entirely, 
Transport Canada requires that any structure greater than 150m be marked or lighted at night. 
Transport Canada standards for obstruction lighting state that such lighting can be a red, steady-
burning light, or a white, flashing or strobed light. While the reduction in window lighting 
obviously remains a priority for FLAP, an obvious next step in the process is to lobby for use of 
flashing lights instead of steady-burning lights, since available evidence suggests that this is the 
better option of the two in terms of minimizing the risks to migrating birds (Evans Ogden, 1996). 
Some evidence suggests that white lights are also preferable to red lights, since the latter may 
interfere with birds’ navigational ability (Kerlinger, 2000). 

  
Building Security Issues 
 Recent terrorist acts have highlighted the importance of enhanced security at public 
buildings throughout North America. While lighting may have been important in the past for 
facilitating detection of security breaches at night, newer technologies such as motion-sensitive 
alarm systems eliminate the need for buildings to be lit in order to detect suspicious activities or 
intruders. Thus it seems unlikely that the increased concern for security need have a significant 
impact on FLAP’s activities. 
 
West Nile Virus 

West Nile Virus (WNV), a virus reported since the 1930s to cause disease in humans in 
Africa, West Asia, and the Middle East, was first reported in North America in 1999. WNV is 
transmitted to humans through mosquito bites. Mosquitoes become infected when they feed on 
infected birds that have high levels of WNV in their blood. Infected mosquitoes can then 
transmit WNV when they feed on humans or other animals. In 1999 and 2000, 83 human cases 
of West Nile illness were reported in the New York City metropolitan area. There were 9 
fatalities amongst those infected. The first Canadian incidence of West Nile Virus was confirmed 
in August 2001 from a bird in Windsor, Ontario, and presence of WNV was subsequently 
confirmed in Toronto and other areas of southern Ontario.  

To date, a total of 6 blue jays and 34 crows in various areas of the City of Toronto have 
been confirmed with the virus. As yet there have been no documented human cases of WNV in 
Canada. While the virus has been found in at least 70 species of birds, crows and jays are 
particularly susceptible, and are being used as sentinel species to monitor the spread of the virus 
in Canada. Other species are often carriers for the disease but may show no outward signs of 
infection. There is no evidence that handling live or dead WNV-infected birds can infect a 
person. Nevertheless, one potential concern is contact with feces. In experimental studies, live 
virus particles were detected in the feces of acutely affected birds. The amount of virus shed and 
the survival time of live virus in the excreted feces are unknown at this time. Therefore, caution 
in handling birds, such as wearing surgical gloves, is advised, and Hepa-filtered surgical masks 
should be worn to avoid inhalation of fecal aerosols, especially if birds are examined at face-
level. Paper bags used to hold birds should be used only once, and each individual bird should be 
placed in a separate bag to avoid potential bird-to-bird transmission of WNV via infected feces. 
Paper holding bags used by FLAP should be considered a biohazard and should be discarded 
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appropriately after use. Any reusable cloth bags or holding cages should be thoroughly cleaned 
and disinfected between uses. These practices are advisable not just for WNV, but to guard 
against various bacterial diseases that can be transmitted to humans by birds. 

West Nile Virus is closely monitored in Canada by the Canadian Cooperative Wildlife 
Health Centre (http://wildlife.usask.ca/english/frameWestNile.htm), and in the US by the Center 
for Disease Control (http://www.cdc.gov/ncidod/dvbid/westnile/q&a.htm), and by the Center for 
Integration of Natural Disaster Information 
(http://cindi.usgs.gov/hazard/event/west_nile/west_nile.html). The Toronto Department of Public 
Health also has up to date information on WNV in the Toronto Region 
(http://www.city.toronto.on.ca/health/west_nile_index.htm). 
 
Species at Risk Act 

 Canada is in the process of enacting endangered species legislation, which would include 
special protection for several species of migratory birds. Migratory birds are already protected 
under the Migratory Birds Act of 1994, a joint US-Canada agreement. This act was created 
largely to regulate the hunting of game species, but also serves to regulate the scientific study of 
birds, and prohibits the possession of or intentional killing of birds by individuals without a 
permit. The act makes no specific reference to the legality of bird mortality caused by building 
collisions, and indeed there are no Canadian laws that pertain to the collective responsibility of 
companies or organizations to prevent harm or death to migratory birds as a result of structural 
hazards. Endangered species legislation should provide protective measures for species at risk. 
The implications of the forthcoming Species At Risk Act in terms of holding individuals or 
companies responsible for birds killed by collision at their buildings is as yet unclear. It remains 
to be seen whether airspace for migrating birds will be considered “habitat” under this 
legislation, however this seems unlikely. While Canadian endangered species legislation may 
provide opportunities to strengthen the impact of the BFB program, the majority of species 
impacted by collision with Toronto buildings are not considered species at risk, and thus 
voluntary compliance with FLAP’s BFB measures seems a more promising approach than 
pursuing compliance via legal means.  
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Figure 3. 

Figure 4. 

Total birds killed at all monitored buildings
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Figure 5. 

Figure 6.

1998 total birds killed by building
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Figure 7. 

2000 total birds killed by building
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Figure 8.  

Spring for all years (1997-2001)
Average number birds killed per night vs. light emitted
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Figure 9. 
 
 

Spring for all years (1997-2001)
Average number of birds found alive per night 
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0.98

1

1.02

1.04

1.06

1.08

1.1

0 5 10 15 20 25
light index (number of building floors lit)

lo
g 

av
er

ag
e 

nu
m

be
r o

f 
bi

rd
s 

fo
un

d 
al

iv
e

F  
 

r2 = 0.10 
F = 8.76 
p = 0.0041 

r2 = 0.092 
F = 7.88 
p = 0.0063 



Page 24

Figure 10. 

Fall for all years (1997-2000)
Average birds killed per night vs light emitted
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Figure 11. 

Fall  for all years (1997-2001)
Average number birds found alive per night vs. light emitted
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Figure 12. 

All years spring and fall 
Number of birds found alive vs light emitted
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Figure 13. 

All years spring and fall
Number of birds killed vs light emitted
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Figure 14. 

Fall light emissions 1997-2000
for 16 monitored buildings

Year

Li
gh

t i
nd

ex
 

(n
um

be
r o

f b
ui

ld
in

g 
flo

or
s 

lit
)

0

5

10

15

20

1997 1998 1999 2000

 
Figure 15. 

Spring light emissions 1997 - 2001
for 16 buildings monitored
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Figure 16. 

Total light emissions since 1997
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Figure 17. 

Number of birds killed vs seasonal cloud amounts
1997 - 2001

Index of total cloud amount over fall/spring season
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Figure 18. 

Number of birds killed vs total seasonal rainfall
1997 - 2001

Index of total rain over fall/spring season

100 150 200 250 300 350 400 450

Lo
g 

to
ta

l n
um

be
r o

f b
ird

s 
ki

lle
d 

pe
r n

ig
ht

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

 
Figure 19. 

Number of birds found alive vs seasonal windiness
1997 - 2001

Index of total wind over spring/fall season
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Figure 20 

Average light index for buildings 
where birds found dead vs where no dead birds found in spring 2001
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Figure 21 
 

Average light index for buildings
 where birds found alive vs where no birds found in spring 2001
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ARCHITECTURAL AND LANDSCAPE RISK FACTORS
ASSOCIATED WITH BIRD–GLASS COLLISIONS IN AN

URBAN ENVIRONMENT

DANIEL KLEM JR.,1,5 CHRISTOPHER J. FARMER,2 NICOLE DELACRETAZ,3

YIGAL GELB,3,4 AND PETER G. SAENGER1

ABSTRACT.—We studied building characteristics and landscape context to predict risk of migratory birds
being killed by colliding with sheet glass on Manhattan Island, New York City, New York, USA. Trained
volunteers monitored 73 discrete building facades daily from the Upper East Side to the southern tip of the
Island during autumn 2006 and spring 2007 bird migratory periods using a consistent and scientifically valid
search protocol. We recorded 475 bird strikes in autumn 2006 and 74 in spring 2007 of which 82 and 85%,
respectively, were fatal. Most building and context variables exerted moderate influence on risk of death by
colliding with glass. We recommend a suite of building characteristics that building designers can use to reduce
risk of collisions by minimizing the proportion of glass to other building materials in new construction. We
suggest that reduction of reflective panes may offer increased protection for birds. Several context variables can
reduce risk of death at glass by reducing ground cover, including changes in height of vegetation, and eliminating
shrubs and trees from areas in front of buildings. We estimated 1.3 bird fatalities per ha per year; this rate
extrapolates to !34 million annual glass victims in urban areas of North America north of Mexico during the
fall and spring migratory periods. Clear and reflective sheet glass poses a universal hazard for birds, specifically
for passage migrants in New York City, but also representative and comparable to growing urban areas world-
wide. Received 21 May 2008. Accepted 14 August 2008.

Growing evidence supports the interpreta-
tion that, except for habitat destruction, col-
lisions with clear and reflective sheet glass
cause the deaths of more birds than any other
human-related avian mortality factor (Klem
1989, 1990b, 2006; Erickson et al. 2001;
Manville 2005, 2008). The deaths of 1 billion
birds annually from collisions with glass in
the United States (U.S.) alone is likely con-
servative; the worldwide toll is expected to be
in the billions (Klem 1990b, 2006; Dunn
1993). Comparable estimates of annual U.S.
bird deaths based on extrapolations from other
human-related sources include: 120 million
from hunting, 60 million from vehicular col-
lisions, 400,000 at wind turbines, and poten-
tially hundreds of millions by domesticated
cats (AOU 1975; Banks 1979; Klem 1990b,
1991, 2006; Coleman et al. 1997; Erickson et

1 Acopian Center for Ornithology, Department of
Biology, Muhlenberg College, Allentown, PA 18104,
USA.

2 Acopian Center for Conservation Learning, Hawk
Mountain Sanctuary, Orwigsburg, PA 17961, USA.

3 New York City Audubon Society, 71 West 23rd
Street, Room 1523, New York, NY 10010, USA.

4 Current address: 43 Pippin’s Way, Morristown, NJ
07960, USA.

5 Corresponding author; e-mail: klem@muhlenberg.
edu

al. 2001; Manville 2005, 2008). Birds gener-
ally act as if sheet glass and plastic in the form
of windows and noise barriers are invisible to
them. Lethal casualties result from head trau-
ma after birds leave a perch from as little as
1 m away in an attempt to reach habitat seen
through or reflected in clear and tinted panes
(Klem 1990a, Klem et al. 2004, Veltri and
Klem 2005). There is no window size, build-
ing structure, time of day, season of year, or
set of weather conditions during which birds
elude the lethal hazards of glass in urban, sub-
urban, or rural environments (Klem 1989).

We assessed multiple risk factors associated
with migratory bird deaths at glass in an urban
landscape where increased strike rates have
been previously recorded at windows reflect-
ing nearby vegetation (Gelb and Delacretaz
2006). We identified characteristics of build-
ing design and landscape context that may ex-
plain collision rate at a site, and tested the
hypothesis these variables influence the risk of
window strikes by migratory birds. Our re-
sults are highly relevant to conservationists
and regulatory agencies interested in identi-
fying buildings that pose a potential lethal
hazard to migrants on passage, and to archi-
tects, landscape planners, and other building
professionals willing to incorporate these find-
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ings into their designs of human-built struc-
tures and environments to protect birds.

METHODS

We and 30 trained volunteers affiliated with
New York City Audubon collected data for
this study by monitoring 73 discrete sites (i.e.,
building façades) from the Upper East Side to
the southern tip of Manhattan Island, New
York City, New York, USA. Each site was
considered an independent sampling unit. It
consisted of one surface of an entire building
or a section of a building having a similar
structure, and intercepted birds flying in a di-
rection different from those intercepted by
other façades of the building. Each sampling
unit (i.e., façade) possessed a uniform appear-
ance to the human eye and consisted of the
same composition of glass and non-glass
structure, and associated vegetation. All Up-
per East Side sites (n ! 7) were selected for
study at the Metropolitan Museum of Art. All
southern sites (n ! 18) were within the World
Financial Center. We selected 48 sites from
lower midtown (from 20th to 30th streets and
from the Hudson River to the East River) to
monitor bird–glass strikes within a uniform
urban area. Lower midtown sites were select-
ed to ensure as uniform distribution as possi-
ble of sampling units and these included com-
binations of no vegetation, 1–50% vegetation,
51–100% vegetation, no glass, 1–50% glass,
and 51–100% glass. Tape and wheel rules
were used to measure distances and heights.
Distance of vegetation was measured from
base of façade to closest branch, leaf, or blade
of grass. Height of trees was measured using
height of adjacent building. One of us (ND)
estimated the percentage of vegetation and
glass by eye while facing the middle of each
site from the street curb to reduce any observ-
er related variation in measurement error.

Each of nine combinations of categorical
features was identified and systematically rep-
resented in the lower midtown area. The lower
midtown location was also identified as char-
acteristic of the greater New York City urban
area, having sites with structural characteris-
tics that included residential and commercial
buildings at heights of four stories or less. We
used the relatively uniform structure of the
lower midtown area and the number of re-
corded mortalities discovered during the fall

and spring migratory periods to estimate an-
nual glass mortalities per area of urban habi-
tat. All sites in all locations were grouped into
four carcass and injured-bird search routes. A
strike was recorded when a volunteer found a
dead or injured bird in front of a glass or an
opaque wall at the base of a façade with the
search area extending to the gutter of the
street. Added attention was given to inspect-
ing bushes and planters when they were pre-
sent. This methodology provided a conserva-
tive estimate of strike frequency, as it did not
account for removal of carcasses by scaven-
gers and street sweepers, injured birds that
died outside the search area, or post-strike
movements of survivors. Routes were walked
slowly from 0700 to 1000 hrs, when previous
monitoring revealed glass collision victims
were found most often. Search routes were
completed within 0.5 to 2 hrs. Dead birds
were salvaged and donated to authorized re-
searchers (with appropriate State and Federal
scientific collection permits) for additional
study, and injured birds were taken to local
animal care centers for treatment.

We monitored each building façade daily
for 58 days (i.e., 9 Sep–5 Nov) in autumn
2006 and 56 days (i.e., 2 Apr–27 May) in
spring 2007 to detect window strikes resulting
in bird injury or mortality. We divided vari-
ables considered to be potential predictors of
strike events into two groups: (1) building de-
sign and (2) landscape context (Table 1).
Building design variables consisted of con-
struction features. Context variables charac-
terized the area immediately in front of a fa-
çade. We measured variables defining each fa-
çade, and our sample size for the analysis was
the number of façades. We measured noctur-
nal light levels between 0200 and 0500 hrs
using a Mannix digital light meter, model
DLM-1337.

We used Cox proportional hazards regres-
sion (Cox 1972, Riggs and Pollock 1992,
SPSS 2006) to test for associations between
variables in each group and the probability
that a façade would experience a glass strike.
Cox proportional hazards regression is appli-
cable to any situation in which the response
variable is the time to a discrete event. We
screened variables for multicollinearity prior
to analysis. We included the covariate with the
strongest association with glass strikes for
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TABLE 1. Variables measured at building façades in New York City, New York, USA.

Variable Variable type Data code Definition n

Building design
Building height Categorical 1 1–4 stories 18

2 5–10 stories 29
3 !10 stories 26

Glass type Categorical 1 None 11
2 Reflective 32
3 Transparent 26
4 Reflective and transparent 4

Glass-non-glass ratio Categorical 1 0 11
2 1–50% 19
3 51–100% 43

Night lighting 5 Continuous variable Illumination (lux) 5 m from façade 65
Night lighting 10 Continuous variable Illumination (lux) 10 m from façade 65
Size Continuous variable Length of façade (m) 73
Vegetation reflected in glass Categorical 1 None 25

2 1–50% 26
3 51–100% 22

Landscape context
Access Categorical 1 Public 69

2 Private 4
Facing area Categorical 1 Open (!18 m) 38

2 Restricted (!18 m) 35
Facing habitat Categorical 1 Vegetated ground cover at base of

façade
28

2 Non-vegetated ground cover at base
of façade

45

Ground cover distance Continuous variable Distance from façade to nearest
ground cover (m)

73

Ground cover height Continuous variable Height of ground cover (m) 73
Location Categorical 1 Upper east side 7

2 Lower midtown 48
3 Southern 18

Shrub distance Continuous variable Distance from façade to nearest
shrubs (m)

73

Shrub height Continuous variable Height of shrubs (m) 73
Tree distance Continuous variable Distance from façade to nearest

trees (m)
73

Tree height Continuous variable Height of trees (m) 73

each pair of variables with r "#0.5 or !0.5
in further analyses and eliminated the other
collinear variables. Cases (i.e., façades) in
which no strike event occurred during the
study were included in the analysis as cen-
sored observations. We arcsine transformed
variables measured as proportions (% glass, %
vegetation reflected) to normalize their distri-
butions (Zar 1999). We derived separate mod-
els for each group using forward and back-
ward stepping algorithms based on likelihood
ratios (SPSS 2006). We used Akaike’s Infor-
mation Criterion (AIC), corrected for small
sample sizes (AICc) to select final models, and

model averaging with re-scaled parameter es-
timates to derive risk ratios in cases where !1
model had a $AICc !2.0 (Burnham and An-
derson 2002).

We retained variables in proportional haz-
ards models that had P values for their coef-
ficients !0.15 and calculated risk ratios for
those variables. We accepted a 15% level of
significance because we believed it was suf-
ficient to indicate the importance of variables
in affecting the probability of glass strikes
(Johnson 1999). Risk ratios estimate change
in the relative risk of an event for an incre-
mental change in the magnitude of a predictor
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variable (Riggs and Pollock 1992). The risk
ratio for a given variable represents the inde-
pendent contribution to risk of an event made
by a covariate, regardless of the dimensions
of the variable. Risk ratios are useful for es-
timating the contribution to risk of continuous
and categorical variables, and we included
both types of variable in our analysis. We
measured continuous variables on differing
scales (i.e., some were proportions whereas
others were linear measures in meters), and
standardized risk ratios for these variables for
a 10% change in magnitude to allow direct
comparisons among variables. We considered
a variable to be a significant predictor of win-
dow strikes if the 90% confidence interval for
the risk ratio did not include 1.0. Risk ratios
!0.5 or "2.0 generally indicate large effects
of covariates on risk of an event.

Risk ratios represent the independent con-
tribution of each covariate to risk of an event,
and we used relative influence (RI) values
(i.e., sum of log-transformed risk ratios) to
compare the influence of the groups of vari-
ables on risk (Farmer et al. 2006). We calcu-
lated an RI for model averaged estimates of
effect size to minimize the influence of co-
variates occurring only in a single model for
a given variable group.

RESULTS

We recorded 475 and 74 glass strikes in au-
tumn 2006 and spring 2007, respectively. Of
these, 390 (82%) in autumn and 62 (85%) in
spring were fatal. The number of strikes re-
corded at sites with no glass was 7 (1.5%) in
autumn and 2 (2.7%) in spring. There were 50
and 25 known species casualties in autumn
2006 and spring 2007, respectively. The 10
species recorded most often as strike victims
(in decreasing frequency) were: Dark-eyed
Junco (Junco hyemalis), White-throated Spar-
row (Zonotrichia albicollis), Ruby-crowned
Kinglet (Regulus calendula), Golden-crowned
Kinglet (R. satrapa), Hermit Thrush (Catha-
rus guttatus), Common Yellowthroat (Geoth-
lypis trichas), Northern Parula (Parula amer-
icana), Blackpoll Warbler (Dendroica striata),
Ovenbird (Seiurus aurocapilla), and Swain-
son’s Thrush (Catharus ustulatus) for autumn
2006, and Ovenbird, Black-and-white Warbler
(Mniotilta varia), Rock Pigeon (Columba liv-
ia), Common Yellowthroat, Northern Water-

thrush (Seiurus noveboracensis), Canada War-
bler (Wilsonia canadensis), White-throated
Sparrow, Ruby-crowned Kinglet, Gray Cat-
bird (Dumetella carolinensis), and Blackbur-
nian Warbler (Dendroica fusca) for spring
2007.

Window strikes occurred at 41 of 73 (56%)
façades in autumn 2006 and 20 of 73 (27%)
façades in spring 2007. Mean time to a win-
dow strike from the beginning of the study
was 37.4 days (SE # 2.6) overall, and 21.4
days (SE # 2.6) within the subset of façades
at which strikes occurred in autumn 2006.
Mean time to a window strike was 52.0 days
(SE # 2.1) overall, and 28.3 days (SE # 4.1)
within the subset of façades at which strikes
occurred in spring 2007. Overall, context var-
iables (RI # 2.6 autumn, 4.8 spring) exerted
a slightly stronger influence on risk of window
strikes than building variables (RI # 1.9 au-
tumn, 0.4 spring).

Building Variables.—Five building vari-
ables were included in proportional hazards
models after screening for multicollinearity
and eliminating variables with no significant
association with the risk of glass strikes. Mod-
el selection using AICc suggested that two au-
tumn models (i.e., façade size, % glass, and
glass type vs. glass type and % glass) were
nearly equally likely given the data (Table 2).
Significant model averaged estimates of effect
size were found for the proportion of the fa-
çade that was window glass (i.e., % glass)
with a 10% increase in this variable causing
a 19% increase in risk (Table 3). The autumn
model averaged risk ratio for reflective glass
type was large (219% increase in risk), but not
significant. The 90% confidence interval for
reflective glass type nearly excluded 1.0, in-
dicating there was an increase in risk, but our
parameter estimate was imprecise.

Three models had $AICc !2.0 (Table 2),
and were used in the calculation of model av-
eraged parameter estimates for spring. The
proportion of the façade that was window
glass (% glass) was a significant predictor of
risk with a 10% increase in this variable caus-
ing a 32% increase in risk of a window strike
(Table 3). Façade size and night lighting each
appeared to exert weak influences on risk. No
building variables were found that signifi-
cantly reduced the risk of window strikes.

Context Variables.—Eight context variables
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TABLE 2. Model selection for building variables. Models indicated by bold type are equally likely based
on AICc values.

Model AICc ! AICc w "2 Model P

Autumn
FSa, GPb, GTc, NLd 307.16 2.71 0.132 26.46 0.000
FS, GP, GT 305.16 0.71 0.358 26.43 0.000
GP, GT 304.45 0 0.510 24.68 0.000

Spring
GP, GT, NL, FS 162.73 3.78 0.068 12.28 0.056
GP, GT, FS 160.90 1.96 0.169 11.22 0.011
GP, FS 159.68 0.73 0.313 10.42 0.005
GP 158.95 0 0.450 9.37 0.002

a Façade size.
b Percent glass.
c Glass type.
d Night lighting 5.

TABLE 3. Model averaged estimates of effect size derived from Cox proportional hazards regression on
building variables.

Covariate #a SE RRb 90% CI Predictor of risk

Autumn
Façade size 0.003 0.004 1.08 0.92–1.26 NSc

Glass percent 0.019 0.009 1.19 1.04–1.36 Significant
Glass type (none) $0.160 0.662 0.85 0.29–2.53 NS
Glass type (reflective) 1.160 0.738 3.19 0.95–10.74 NS
Glass type (transparent) 0.322 0.783 1.38 0.38–5.00 NS

Spring
Façade size 0.004 0.052 1.11 0.13–7.76 NS
Glass percent 0.030 0.007 1.32 1.19–1.44 Significant
Night lighting 5 0.002 0.019 1.04 0.45–2.25 NS

a Regression coefficients indicate strength and direction of relations between hazard functions and covariates. All regression coefficients retained in the
model are reported.

b We standardized risk ratios (RR) and 90% confidence intervals (CI) of the continuous covariates (façade size, percent glass) for a 10% increase.
c Non-significant at % & 0.10.

were included in proportional hazards models
(Table 4). Model selection using AICc sug-
gested two autumn models (i.e., facing area,
distance to ground cover, ground cover height,
location, and tree height vs. facing area,
ground cover height, location, and tree height)
were likely given the data (Table 4). Model
averaged estimates of effect size from the two
models indicated that facing area, height of
ground cover, and tree height significantly in-
fluenced risk of window strikes. Restricted
facing areas (e.g., a short distance to the near-
est building in front of a façade) reduced risk
of window strikes 69%, whereas 10% increas-
es in the height of ground cover and tree
height increased risk of a strike by 13 and
30%, respectively (Table 5). Location and dis-

tance to ground cover exerted non-significant
influences on risk of a glass strike.

Two models had !AICc !2.0 for spring
(Table 4) and were used in calculation of mod-
el averaged parameter estimates. Restricted
facing areas strongly (549%) increased risk of
spring window strikes and a 10% increase in
tree height moderately (22%) increased risk.
Distance from façades to tree cover and height
of ground cover affected the risk of window
strikes non-significantly (Table 5).

We recorded 284 lethal strikes (1.1 fatali-
ties/ha) within the 266-ha generalized urban
lower midtown sampling location during au-
tumn 2006. We recorded 47 lethal strikes (0.2
fatalities/ha) for the same area during spring
2007. We estimated 1.3 fatalities/ha of urban
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TABLE 4. Model selection for context variables. Models indicated by bold type are equally likely based on
AICc values.

Model AICc ! AICc w "2 Model P

Autumn
FAa, GDb, GHc, LOd, SDe, SHf, TDg, THh 298.03 9.26 0.006 43.770 0.000
FA, GD, GH, LO, SD, TD, TH 295.53 6.75 0.022 43.732 0.000
FA, GD, GH, LO, TD, TH 293.08 4.31 0.076 43.172 0.000
FA, GD, GH, LO, TH 290.75 1.98 0.243 43.096 0.000
FA, GH, LO, TH 288.77 0 0.653 43.070 0.000

Spring
FA, GD, GH, LO, SD, SH, TD, TH 159.53 9.79 0.004 27.80 0.001
FA, GD, GH, SD, SH, TD, TH 157.28 7.54 0.011 27.23 0.000
FA, GD, GH, SD, TD, TH 154.87 5.13 0.038 27.21 0.000
FA, GD, GH, TD, TH 152.52 2.78 0.121 26.15 0.000
FA, GH, TD, TH 150.47 0.73 0.338 25.05 0.000
FA, TD, TH 149.74 0 0.488 23.56 0.000

a Facing area.
b Ground cover distance.
c Ground cover height.
d Location.
e Shrub distance.
f Shrub height.
g Tree distance.
h Tree height.

TABLE 5. Model averaged estimates of effect size derived from Cox proportional hazards regression on
context variables.

Covariate #a SE RRb 90% CI Predictor of risk

Autumn
Facing area $1.177 0.493 0.31 0.14–0.69 Significant
Ground cover distance 0.005 0.025 1.02 0.89–1.14 NSc

Ground cover height 2.433 1.352 1.13 1.01–1.26 Significant
Location (lower midtown) $0.698 0.587 0.50 0.19–1.30 NS
Location (southern Manhattan) 0.339 0.611 1.40 0.51–3.83 NS
Tree height 0.097 0.030 1.30 1.14–1.48 Significant

Spring
Facing area 1.857 0.650 6.49 2.23–18.89 Significant
Ground cover height 1.979 1.464 1.10 0.98–1.25 NS
Tree distance $0.055 0.036 0.70 0.48–1.03 NS
Tree height 0.076 0.028 1.22 1.08–1.39 Significant

a Regression coefficients indicate strength and direction of relations between hazard functions and covariates. All regression coefficients retained in the
model are reported.

b We standardized risk ratios (RR) and 90% confidence intervals (CI) of the continuous covariates (ground cover distance, ground cover height, tree
height) for a 10% increase.

c Non-significant at % & 0.10.

area annually after combining these measures
of attrition for autumn and spring.

DISCUSSION

Most building and context variables exerted
moderate influences on risk of glass strikes.
The proportion of windows reflecting vegeta-
tion (i.e., % vegetation) was measured in the
field, but we did not include it in the propor-

tional hazards regressions, because it inte-
grates building (i.e., % glass and glass type)
and context (i.e., facing area, type, distance,
and height of vegetation) variables, which
made it difficult to interpret. It proved to be a
significant predictor of glass strikes (RR10 &
1.26, 90% CI & 1.14–1.39) when we included
percent of reflected vegetation in an explor-
atory model. We interpret these findings as an
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indication that building designers can reduce
the risk of bird–glass strikes by reducing the
proportion of glass to other building materials
in any new construction. The type of glass
affected the autumn model significantly, al-
though no individual category of glass had a
significant effect. The high-magnitude risk ra-
tios for reflective glass suggest this type of
glass strongly increases risk of strikes. How-
ever, confidence intervals with 1.0 near the
lower confidence limits coupled with the large
risk ratios are an indication the analysis lacked
power to accurately estimate effect size for
this variable.

Context variables had a slightly stronger
relative influence than building variables, and
the analysis indicates that several context var-
iables under the control of builders can be ma-
nipulated to reduce the risk of glass strikes.
We found that increasing the height of ground
cover and tree cover adjacent to new and ex-
isting buildings increases the risk of strikes by
13 and 30%, respectively, for each 10% in-
crease in height. Our risk ratios are scaled for
any 10% change in a covariate indicating that
10% reductions of the heights of these types
of cover will reduce the risk of strikes by the
same amount. This supports a previous study
documenting increased strikes at glass with
reflected vegetation (Gelb and Delacretaz
2006). Eliminating vegetative ground cover
from areas adjacent to buildings may also re-
duce risk, although the effect was non-signif-
icant in our analysis. Large reductions in risk
(69%) in autumn can be achieved by restrict-
ing the area in front of façades, primarily by
placing buildings close together. However, the
large (549%) increase in risk associated with
this context variable in spring contradicts this
finding. This also suggests that migrating
birds may behave differently in Manhattan in
spring versus autumn, which would compli-
cate efforts to manage strike risk using this
context variable. Previous studies suggest that
spacing between buildings may be of limited
value since a lethal collision can occur when
a bird strikes a glass surface after leaving a
perch from as little as 1 m distant (Klem
1990b, Klem et al. 2004, Veltri and Klem
2005). The non-significant effect of location
(indicating that lower midtown locations
strongly reduced risk) in autumn regressions
suggests that having tall buildings in the sur-

rounding area increases risk of window
strikes, presumably by restricting the avail-
ability of flight paths for birds.

Quantitative analyses of both building and
context variables associated with the glass
hazard for birds provide further support for
recently published suggestions informing ar-
chitects and other building industry profes-
sionals about how to mitigate or eliminate avi-
an mortality at glass (Brown and Caputo
2007, City of Toronto Green Development
Standard 2007). Our results confirm that sheet
glass consisting of small windows to entire
walls of buildings is a lethal hazard for birds.
Searching for and monitoring potential haz-
ardous sites will identify problem urban areas.
Minimizing the use of large expanses of glass
and nearby vegetation in the vicinity of clear
and reflective panes will mitigate bird–glass
collisions, and prevent injury and death to
birds on passage during migratory periods. In
this context, it is important to note that even
variables that entered models non-significant-
ly (i.e., confidence interval overlapping 1.0)
exert some influence on risk of strikes, either
directly or by conditioning the effect of sig-
nificant predictors. Design changes by a build-
er on any or all of the variables identified (Ta-
bles 3, 5) will affect the risk of strikes; how-
ever, the strongest effect will be realized by
altering the significant predictors.

Our systematic sampling of lower midtown
provided an opportunity to estimate annual
avian mortality at glass in a relatively uniform
urban environment, typical of urban areas
without skyscrapers, including single-story or
two-story residences. The species recorded as
collision casualties in the lower midtown
study area are representative of the same or
similar species on passage over a broad front,
and expected to occur in similar urban envi-
ronments throughout the continent (Lincoln
and Peterson 1935, Able 1999). Using this
sample and urban area data from Statistics
Canada (2001) and U.S. Bureau of Census
(2002), the annual bird kill at glass during mi-
gratory periods alone in the urban environ-
ment is estimated to be 5,676 for Manhattan,
3,163,633 for Canada, 31,159,228 for the
United States, and 34,322,861 for North
America north of Mexico. These estimates are
likely conservative since they exclude build-
ings above four stories where large annual
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kills are known to occur at skyscrapers in ur-
ban centers similar to those in Chicago, De-
troit, Minneapolis, New York, Toronto, and
elsewhere (Klem 2006). The annual urban
toll, at least for the U.S., seems reasonable
given previous estimates of annual U.S. avian
mortality at glass that ranges from 100 million
to 1 billion, where most fatalities are thought
to occur during the non-breeding season when
large numbers of resident birds are attracted
to feeders near windows (Klem 1990b, Klem
2006).

Of conservation interest were species on the
U.S. Department of Interior (2002) list of Spe-
cies of Management Concern or the National
Audubon Society (2007) WatchList recorded
as glass casualties: American Woodcock
(Scolopax minor), Yellow-bellied Sapsucker
(Sphyrapicus varius), Wood Thrush (Hylo-
cichla mustelina), Chestnut-sided Warbler
(Dendroica pensylvanica), Canada Warbler,
and Baltimore Oriole (Icterus galbula). The
hazard that clear and reflective sheet glass
poses to birds is expected to increase as cur-
rent urban areas increase, and human struc-
tures elsewhere are constructed in avian
breeding and non-breeding areas and across
migratory routes worldwide.

ACKNOWLEDGMENTS

We thank New York City Audubon, the volunteers
for their dedicated effort in consistently gathering data
for this study, and E. J. McAdams, Glenn Phillips, and
staff for administrative support. We are grateful for
funding received from the U.S. Department of Interior,
Fish and Wildlife Service through the Neotropical Mi-
gratory Bird Conservation Act, and member contri-
butions from New York City Audubon. We are espe-
cially thankful for the extensive and useful comments
from two anonymous reviewers, and C. E. Braun
which improved the manuscript. This is Hawk Moun-
tain Sanctuary contribution to Conservation Science
Number 173.

LITERATURE CITED

ABLE, K. P. 1999. Conservation of birds on migration.
Pages 169–178 in Gathering of angels, migrating
birds and their ecology (K. P. Able, Editor). Cor-
nell University Press, Ithaca, New York, USA.

AMERICAN ORNITHOLOGISTS’ UNION (AOU). 1975. Re-
port of the ad hoc Committee on Scientific Edu-
cational Use of Wild Birds. Auk 92(Supplement):
1A–27A.

BANKS, R. C. 1979. Human related mortality of birds
in the United States. USDI, Fish and Wildlife Ser-
vice, Special Report 215. Washington, D.C., USA.

BROWN, H. AND S. CAPUTO. 2007. Bird-safe building
guidelines. New York City Audubon Society, New
York, USA.

BURNHAM, K. P. AND D. R. ANDERSON. 2002. Model
selection and multimodel inference, a practical in-
formation-theoretic approach. Second Edition.
Springer Science!Business Media, New York,
USA.

CITY OF TORONTO GREEN DEVELOPMENT STANDARD.
2007. Bird-friendly development guidelines. City
Planning, Toronto, Ontario, Canada.

COLEMAN, J. S., S. A. TEMPLE, AND S. R. CRAVEN.
1997. Cats and wildlife: a conservation dilemma.
Cooperative Extension Publications, University of
Wisconsin, Madison, USA. www.fw.vt.edu/
extension/fiw/wildlife/damage/Cats.pdf (accessed
29 April 2008).

COX, D. R. 1972. Regression models and life tables
(with discussion). Journal of the Royal Statistical
Society, Series B 34:248–275.

DUNN, E. H. 1993. Bird mortality from striking resi-
dential windows in winter. Journal of Field Orni-
thology 64:302–309.

ERICKSON, W. P., G. D. JOHNSON, M. D. STRICKLAND,
D. P. YOUNG JR., K. J. SERNKA, AND R. E. GOOD.
2001. Avian collisions with wind turbines: a sum-
mary of existing studies and comparisons to other
sources of avian collisions mortality in the United
States. National Wind Coordinating Committee,
Washington, D.C., USA.

FARMER, C. J., D. K. PERSON, AND R. T. BOWYER. 2006.
Risk factors and mortality of black-tailed deer in
a managed forest landscape. Journal of Wildlife
Management 70:1403–1415.

GELB, Y. AND N. DELACRETAZ. 2006. Avian window
strike mortality at an urban office building. The
Kingbird 56:190–198.

JOHNSON, D. H. 1999. The insignificance of statistical
significance testing. Journal of Wildlife Manage-
ment 63:763–772.

KLEM JR., D. 1989. Bird-window collisions. Wilson
Bulletin 101:606–620.

KLEM JR., D. 1990a. Bird injuries, cause of death, and
recuperation from collisions with windows. Jour-
nal of Field Ornithology 61:115–119.

KLEM JR., D. 1990b. Collisions between birds and win-
dows: mortality and prevention. Journal of Field
Ornithology 61:120–128.

KLEM JR., D. 1991. Glass and bird kills: an overview
and suggested planning and design methods of
preventing a fatal hazard. Pages 99–104 in Wild-
life conservation (L. W. Adams and D. L. Leedy,
Editors). Metropolitan Environments NIUW Sym-
posium Series 2. National Institute for Urban-
Wildlife, Columbia, Maryland, USA.

KLEM JR., D. 2006. Glass: a deadly conservation issue
for birds. Bird Observer 34:73–81.

KLEM JR., D., D. C. KECK, K. L. MARTY, A. J. MILLER

BALL, E. E. NICIU, AND C. T. PLATT. 2004. Effects
of window angling, feeder placement, and scav-



134 THE WILSON JOURNAL OF ORNITHOLOGY • Vol. 121, No. 1, March 2009

engers on avian mortality at plate glass. Wilson
Bulletin 116:69–73.

LINCOLN, F. C. AND S. R. PETERSON. 1935. Migration
of birds. USDI, Fish and Wildlife Service, Cir-
cular 16. Washington, D.C., USA.

MANVILLE II, A. M. 2005. Bird strike and electrocu-
tions at power lines, communication towers, and
wind turbines: state of the art and state of the sci-
ence-next steps toward mitigation. Pages 1051–
1064 in Bird conservation implementation in the
Americas: Proceedings 3rd International Partners
in Flight Conference 2002 (C. J. Ralph and T. D.
Rich, Editors). USDA, Forest Service, General
Technical Report PSW-GTR-191. Pacific South-
west Research Station, Albany, California, USA.

MANVILLE II, A. M. 2008. Towers, turbines, power
lines, and buildings-steps being taken by the U.S.
Fish and Wildlife Service to avoid or minimize
take of migratory birds at these structures. Pro-
ceedings 4th International Partners in Flight Con-
ference 2008, McAllen, Texas, USA. USDA, For-
est Service Technical Report. In Press.

NATIONAL AUDUBON SOCIETY. 2007. The 2007 Audu-
bon WatchList. National Audubon Society, New
York, USA. web1.audubon.org/science/watchlist/
browseWatchlist.php (accessed November 2007).

RIGGS, M. R. AND K. H. POLLOCK. 1992. A risk ratio
approach to multivariable analysis of survival in
longitudinal studies of wildlife populations. Pages
74–89 in Wildlife 2001: populations (D. R.
McCullough and R. H. Barrett, Editors). Elsevier
Applied Science, New York, USA.

STATISTICS CANADA. 2001. Ottawa, Ontario, Canada.
Available from http://www.demographia.com/
db-canusua2000.htm (accessed October 2007).

SPSS. 2006. SPSS for Windows. Version 15.0. SPSS,
Chicago, Illinois, USA.

U.S. DEPARTMENT OF INTERIOR. 2002. Birds of conser-
vation concern 2002. USDI, Fish and Wildlife
Service, Division of Migratory Bird Management,
Arlington, Virginia, USA. www.fws.gov/
migratorybirds/reports/BCC2002.pdf (accessed
October 2007).

U.S. BUREAU OF THE CENSUS. 2002. Washington, Dis-
trict of Columbia, USA. www.demographia.com/
db-canusua2000.htm (accessed October 2007).

VELTRI, C. J. AND D. KLEM JR. 2005. Comparison of
fatal bird injuries from collisions with towers and
windows. Journal of Field Ornithology 76:127–
133.

ZAR, J. H. 1999. Biostatistical analysis. Fourth Edition.
Prentice Hall, Upper Saddle River, New Jersey,
USA.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXHIBIT 15 



Northeastern Naturalist

84

K.L. Parkins, S.B. Elbin, and E. Barnes
2015 Vol. 22, No. 1NORTHEASTERN NATURALIST2015 22(1):84–94

Light, Glass, and Bird–building Collisions in an Urban Park

Kaitlyn L. Parkins1,2,*, Susan B. Elbin1, and Elle Barnes1,3

Abstract±%XLOGLQJ�FROOLVLRQV�DUH�D�VLJQL¿FDQW�WKUHDW�WR�ELUGV�LQ�1RUWK�$PHULFD��DQG�XUEDQ�
DUHDV�FDQ�EH�SDUWLFXODUO\�KD]DUGRXV�WR�ELUGV�XVLQJ�FLW\�SDUNV�DV�VWRSRYHU�KDELWDW��:H�H[DP-
LQHG�WKH�HIIHFWV�RI�OLJKW�DQG�JODVV�RQ�ELUG±EXLOGLQJ�FROOLVLRQV�LQ�DQ�XUEDQ�SDUN�XVLQJ�1HZ�
<RUN�&LW\�$XGXERQ¶V�FROOLVLRQ�PRQLWRULQJ�GDWD�IURP�IDOO�PLJUDWLRQ������DQG�SKRWRJUDSKLF�
DQDO\VLV�RI�EXLOGLQJ�IDFDGHV��:H�IRXQG�D�VLJQL¿FDQW�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�
RI�FROOLVLRQV�DQG�LQWHULRU�EXLOGLQJ�OLJKW��rho� �����KRZHYHU��WKH�DPRXQW�RI�OLJKW�ZDV�VWURQJO\�
FRUUHODWHG�ZLWK�WKH�DPRXQW�RI�JODVV�LQ�EXLOGLQJ�IDFDGHV��r2� ��������&DUFDVV�SHUVLVWHQFH�DW�WKH�
VLWH�ZDV�H[DPLQHG�XVLQJ�WDJJHG��GHDG�ELUGV��2QO\����SHUFHQW�RI�FDUFDVVHV�ZHUH�IRXQG�E\�RXU�
PRQLWRUV��VXJJHVWLQJ�WKDW�RXU�HVWLPDWH�RI�ELUG�PRUWDOLW\�GXH�WR�FROOLVLRQV�KDV�EHHQ�WRR�FRQVHU-
YDWLYH��7KH�DPRXQW�RI�JODVV�RQ�D�EXLOGLQJ�IDFDGH�PD\�KDYH�DQ�HTXDO�RU�JUHDWHU�HIIHFW�RQ�ELUG±
EXLOGLQJ�FROOLVLRQV�WKDQ�WKH�DPRXQW�RI�OLJKW�HPLWWHG�IURP�WKH�IDFDGH��0LWLJDWLRQ�RI�ERWK�OLJKW�
and glass are needed to reduce bird–building collisions in urban areas.

Introduction

� &ROOLVLRQV�ZLWK� VWUXFWXUHV� LQ� WKH�EXLOW� HQYLURQPHQW�DUH�D� VLJQL¿FDQW� VRXUFH�RI�
ELUG�PRUWDOLW\�LQ�1RUWK�$PHULFD��/RVV�HW�DO���������FRQVHUYDWLYHO\�HVWLPDWHG�WKDW�
EHWZHHQ�����DQG�����PLOOLRQ�ELUGV�GLH�SHU�\HDU�LQ�1RUWK�$PHULFD�EHFDXVH�RI�FRO-
OLVLRQV�ZLWK�EXLOGLQJV��%XLOGLQJ�FROOLVLRQ�PRUWDOLW\�LV�VHFRQG�RQO\�WR�SUHGDWLRQ�E\���
Felis catus /���'RPHVWLF�&DW������±����ELOOLRQ�ELUG�GHDWKV�HDFK�\HDU��DV�D�VRXUFH�
RI�DQWKURSRJHQLF�FDXVHV�RI�DYLDQ�PRUWDOLW\��/RVV�HW�DO���������������$V�XUEDQL]HG�
DUHDV�FRQWLQXH�WR�H[SDQG����PDMRU�WKUHDWV�WR�ELUGV�DUH�DUWL¿FLDO�OLJKW�DQG�JODVV��
� %LUGV� WKDW� PLJUDWH� DW� QLJKW� DUH� DWWUDFWHG� WR� WKH� OLJKWV� RQ� VWUXFWXUHV� VXFK� DV�
FRPPXQLFDWLRQ� WRZHUV� DQG� WDOO� EXLOGLQJV�� HVSHFLDOO\� RQ� QLJKWV� ZLWK� IRJ� RU� ORZ�
FORXG�FHLOLQJV��$YHU\�HW�DO��������(ULFNVRQ�HW�DO��������.HUOLQJHU�������/DUNLQ�DQG�
)UDVH�������0DQYLOOH� �������2QFH� DWWUDFWHG�E\� OLJKWV�� ELUGV�PD\�EHFRPH�GLVRUL-
HQWHG��DQG��RQFH�LQVLGH�D�OLJKWHG�DUHD��FRQWLQXH�WR�À\�LQ�LW�DV�LI�WUDSSHG��$YHU\�HW�
DO��������*UDEHU�������/DUNLQ�DQG�)UDVH��������7KHVH�³WUDSSHG´�ELUGV�FDQ�FROOLGH�
ZLWK�WKH�OLJKWHG�VWUXFWXUHV��PD\�EH�DW�D�KLJKHU�ULVN�RI�SUHGDWLRQ��RU�FDQ�GURS�WR�WKH�
JURXQG� IURP� H[KDXVWLRQ� �$YHU\� HW� DO�� ������ (ULFNVRQ� HW� DO�� ������ (YDQV�2JGHQ�
������*UDEHU�������6WRGGDUG�DQG�1RUULV��������
� 'D\WLPH� FROOLVLRQV�ZLWK� EXLOGLQJV� KDYH� NLOOHG� LQGLYLGXDOV� IURP� ���� GLIIHUHQW�
VSHFLHV� LQ� 1RUWK�$PHULFD�� ZKLFK� LV� ���� RI� DOO� 1RUWK�$PHULFDQ� VSHFLHV� �.OHP�
�������*ODVV�FDQ�DFW�DV�D�PLUURU��DQG�ELUGV�PD\�À\�LQWR�ZLQGRZV�WR�UHDFK�SHUFHLYHG�
LPDJHV�UHÀHFWHG�LQ�WKH�JODVV��.OHP��������������2QFH�D�ELUG�FROOLGHV�ZLWK�D�ZLQ-
GRZ�RU�EXLOGLQJ��GHDWK�XVXDOO\�RFFXUV�IURP�EUDLQ�KHPRUUKDJH��.OHP�����D������E��

11HZ�<RUN�&LW\�$XGXERQ�����:HVW���UG�6WUHHW��6XLWH�������1HZ�<RUN��1<��������2)RUGKDP�
8QLYHUVLW\������(DVW�)RUGKDP�5RDG��%URQ[��1<��������31HZ�<RUN�8QLYHUVLW\�����:DVKLQJWRQ�
6TXDUH�6RXWK��1HZ�<RUN��1<�������*&RUUHVSRQGLQJ�DXWKRU���NDLWO\QOSDUNLQV#JPDLO�FRP�

0DQXVFULSW�(GLWRU��*UHJ�5REHUWVRQ
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9HOWUL�DQG�.OHP��������DQG�VWXQQHG�ELUGV� WKDW�GR�QRW�GLH� LPPHGLDWHO\�DUH�DW� ULVN�
RI�SUHGDWLRQ��*UDKDP�������.OHP�����E��.OHP�HW��DO���������7KH�SHDN�QXPEHUV�RI�
ELUG�VWULNHV�LQ�XUEDQ�DUHDV�RFFXU�GXULQJ�WKH�WLPH�RI�VSULQJ�DQG�IDOO�PLJUDWLRQ��ZLWK�
VLJQL¿FDQWO\�PRUH�GHDWKV�RFFXUULQJ�LQ�WKH�IDOO�WKDQ�LQ�WKH�VSULQJ��%RUGHQ�HW�DO��������
*HOE�DQG�'HODFUHWD]�������
� 8UEDQ� SDUNV� FDQ� SURYLGH� VWRSRYHU� KDELWDW� IRU� ELUGV� PLJUDWLQJ� WKURXJK� FLWLHV�
�)RZOH�DQG�.HUOLQJHU�������6HHZDJHQ�DQG�6OD\WRQ�������6HHZDJHQ�HW�� DO���������
%HFDXVH� WKH\�DUH�DWWUDFWHG� WR� WKH�QDWXUDO�DUHDV��ELUGV�DUH�PRUH� OLNHO\� WR�HQFRXQWHU�
ZLQGRZV�DQG�EXLOGLQJV�WKDW�DUH�DGMDFHQW�WR�SDUNV�DQG�RSHQ�VSDFH��LQFUHDVLQJ�WKH�ULVNV�
SRVHG�E\�OLJKW�DQG�JODVV�LQ�VXFK�DUHDV��EXW�RQO\�D�KDQGIXO�RI�VWXGLHV�KDYH�H[DPLQHG�WKH�
GULYHUV�RI�ELUG�FROOLVLRQV�LQ�KLJKO\�XUEDQL]HG�VHWWLQJV�OLNH�1HZ�<RUN�&LW\��6HYHUDO�DX-
WKRUV�KDYH�FRQFOXGHG�WKDW�QLJKWWLPH�OLJKWLQJ�LV�WKH�GULYHU�RI�FROOLVLRQV�LQ�XUEDQ�DUHDV��
EXW�RWKHUV�KDYH�VKRZQ�GDWD�WR�VXSSRUW�WKDW�UHÀHFWLYH�JODVV�LV�WKH�PDMRU�ULVN�IDFWRU�LQ�
ELUG�FROOLVLRQV��(YDQV�2JGHQ��������DQG�/LJKWV�2XW�&ROXPEXV��������IRXQG�VLJQL¿-
FDQW�FRUUHODWLRQV�EHWZHHQ�ELUG�FROOLVLRQV�DQG�QLJKWWLPH�OLJKWLQJ�EXW�QRW�WKH�VL]H�RI�WKH�
EXLOGLQJ�RU�QXPEHU�RI�ÀRRUV��+RZHYHU��QHLWKHU�RI�WKHVH�VWXGLHV�WRRN�LQWR�DFFRXQW�WKDW�
WKH�DPRXQW�RI�QLJKWWLPH�OLJKW�LQ�D�EXLOGLQJ�PD\�EH�D�IXQFWLRQ�RI�WKH�DPRXQW�RI�JODVV�LQ�
WKH�EXLOGLQJ�IDFDGH��ZKLFK�PLJKW�UHGXFH�WKH�YDOLGLW\�RI�WKHLU�FRQFOXVLRQV�DQG�SRLQW�WR�
JODVV�DV�WKH�PDLQ�GULYHU�RI�ELUG�FROOLVLRQV�LQ�XUEDQ�DUHDV��,Q�1<&��ELUG±EXLOGLQJ�FRO-
OLVLRQV�PRVW�RIWHQ�RFFXU�LQ�WKH�PRUQLQJ�KRXUV��DV�RSSRVHG�WR�QLJKWLPH��'H&DQGLGR�
������*HOE�DQG�'HOHFUHWD]��������DQG�WKH�PDMRULW\�RI�FROOLVLRQV�RFFXU�DW�UHÀHFWLYH�
DUHDV�RI�EXLOGLQJV��SDUWLFXODUO\�DW�ZLQGRZV��.OHP����������
� 6LQFH�������1<&�$XGXERQ�KDV�OHG�3URMHFW�6DIH�)OLJKW��36)���D�FLWL]HQ�VFLHQFH�
FROOLVLRQ�PRQLWRULQJ�SURJUDP� WKDW�KDV� UHFRUGHG������FROOLVLRQV� IURP�����VSHFLHV�
WR� GDWH��'XULQJ� WKH� ����� IDOO�PLJUDWLRQ� �6HSWHPEHU� �� WKURXJK�1RYHPEHU� ����ZH�
IRFXVHG�RXU�PRQLWRULQJ�HIIRUWV�DURXQG�%U\DQW�3DUN��D�FLW\�SDUN�LQ�PLGWRZQ�0DQKDW-
WDQ��7KH�SDUN�LV�D�SULPH�H[DPSOH�RI�FRPELQHG�FROOLVLRQ�ULVN�IDFWRUV��ZLWK�WUHH�OLQHG�
VWUHHWV�WKDW�DWWUDFW�ELUGV��EULJKW�VWDGLXP�OLJKWLQJ��DQG�WDOO��EULJKWO\�OLW�EXLOGLQJV�ZLWK�
PDQ\�ZLQGRZV��,Q�DGGLWLRQ��%U\DQW�3DUN�LV�RQH�RI�IHZ�SDWFKHV�RI�JUHHQ�VSDFH�VRXWK�
RI�&HQWUDO�3DUN�LQ�0DQKDWWDQ��DQG�LW�LV�D�UHFRPPHQGHG�SODFH�WR�¿QG�PLJUDWRU\�ELUGV�
�1<&�$XGXERQ��������
� 7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�WHVW�K\SRWKHVHV�DERXW�WKH�HIIHFW�RI�DUWL¿FLDO�
OLJKW�DQG�WKH�DPRXQW�RI�ZLQGRZ�JODVV�RQ�ELUG�FROOLVLRQV�LQ�DQ�XUEDQ�SDUN�LQ�1HZ�
<RUN�&LW\��%DVHG�RQ�WKH�UHVXOWV�IURP�(YDQV�2JGHQ��������DQG�/LJKWV�2XW�&ROXPEXV�
��������ZH�K\SRWKHVL]HG�WKDW�WKH�QXPEHU�RI�ELUG�FROOLVLRQV�LV�SRVLWLYHO\�FRUUHODWHG�
ZLWK� WKH� DPRXQW�RI� DUWL¿FLDO� OLJKW� HPLWWHG� IURP� WKH�EXLOGLQJ�DW� WKH� FROOLVLRQ� VLWH��
7ZR�DOWHUQDWH�K\SRWKHVHV�DUH�WKDW�����ELUG�FROOLVLRQV�DUH�D�IXQFWLRQ�RI�WKH�DPRXQW�RI�
JODVV�LQ�D�EXLOGLQJ��UHJDUGOHVV�RI�WKH�DPRXQW�RI�OLJKW��DQG�����ELUG�FROOLVLRQV�DUH�D�
IXQFWLRQ�RI�WKH�DPRXQW�RI�OLJKW�HPLWWHG�IURP�WKH�FROOLVLRQ�VLWH��WKH�DPRXQW�RI�JODVV�
LQ�WKH�EXLOGLQJ�DW�WKH�FROOLVLRQ�VLWHV��DQG�DQ�LQWHUDFWLRQ�EHWZHHQ�OLJKW�DQG�JODVV�

Study Site 
� %U\DQW�3DUN�LV�D���KD�XUEDQ�SDUN�ORFDWHG�LQ�WKH�0LGWRZQ�QHLJKERUKRRG�RI�0DQ-
KDWWDQ��1<��)LJ������,W�LV�ERUGHUHG�E\�)LIWK�$YHQXH�RQ�WKH�HDVW��6L[WK�$YHQXH�RQ�WKH�
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ZHVW����WK�6WUHHW�WR�WKH�VRXWK��DQG���nd�6WUHHW�WR�WKH�QRUWK�������
1�������
:���7KH�
PDLQ�EUDQFK�RI�WKH�1HZ�<RUN�3XEOLF�/LEUDU\�LV�VLWXDWHG�RQ�WKH�HDVW�VLGH�RI�WKH�SDUN��
2Q�WKH�ZHVW�VLGH�LV�D�PRZHG�ODZQ�DSSUR[LPDWHO\����P�LQ�OHQJWK�E\����P�ZLGH��7KH�
ODZQ� LV� VXUURXQGHG�RQ��� VLGHV� E\�PDWXUH�RUQDPHQWDO� QRQ�QDWLYH� WUHHV� �SUHGRPL-
nately Platinus [ acerofolia��$LWRQ��:LOOG��>/RQGRQ�3ODQH@��DQG�YDULRXV�RUQDPHQWDO�
QRQ�QDWLYH�ÀRZHUV��$W�QLJKW�WKH�SDUN�LV�EULJKWO\�LOOXPLQDWHG�E\�WZHOYH������ZDWW�
OLJKW�EXOEV�IURP�WKH�WRS�RI������$YHQXH�RI�WKH�$PHULFDV��D����VWRU\�EXLOGLQJ�RQ�WKH�
QRUWKZHVW�FRUQHU�RI�WKH�SDUN�

Methods

Bird-collision surveys
� 'XULQJ����REVHUYDWLRQ�GD\V�RFFXUULQJ�EHWZHHQ����6HSWHPEHU�DQG���1RYHPEHU�
������36)�FLWL]HQ�VFLHQFH�YROXQWHHUV�XVHG�VWDQGDUG�SURWRFROV��*HOE�DQG�'HOHFUHWD]�
������ WR�PRQLWRU� WKH�%U\DQW�3DUN� DUHD� IRU�GHDG�DQG� LQMXUHG�ELUGV��7KH� VLGHZDON�
DFURVV�WKH�VWUHHW�IURP�HDFK�VLGH�RI�WKH�SDUN�LV�UHIHUUHG�WR�DV�D�³VLWH´��IRU�D�WRWDO�RI���
VLWHV��)LJ������(DFK�YROXQWHHU�ZDV�DVVLJQHG�RQH�GD\�RI�WKH�ZHHN��0RQGD\�WKURXJK�
)ULGD\��WR�PRQLWRU�WKH�VLWH��WDNLQJ�EHWZHHQ����WR����PLQXWHV�WR�FRPSOHWH�WKH�FLUFXLW��
7KH�VLWHV�ZHUH�HDFK�PRQLWRUHG�RQFH�GDLO\�EHWZHHQ���D�P��DQG����D�P��(DFK�ELUG�
FDUFDVV�RU�LQMXUHG�ELUG�IRXQG�LQ�IURQW�RI�D�EXLOGLQJ��IURP�WKH�IRRW�RI�WKH�EXLOGLQJ�DW�
WKH�VLGHZDON�WR�WKH�VWUHHW��ZDV�UHFRUGHG�DV�D�FROOLVLRQ��*HOE�DQG�'HOHFUHWD]�������

)LJXUH����3URMHFW�6DIH�)OLJKW�FROOLVLRQ�PRQLWRULQJ�VLWHV��±��DW�%U\DQW�3DUN��1HZ�<RUN��1<��
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.OHP�HW��DO���������0RQLWRUV�DOVR�UHFRUGHG�WKH�GDWH��WLPH��ZHDWKHU�LQIRUPDWLRQ��VLWH�
QXPEHU��DQG�FRQGLWLRQ�DQG�VSHFLHV�RI�WKH�ELUG�IRXQG��%LUG�FDUFDVVHV�ZHUH�UHPRYHG�
IURP�WKH�VLWH��SODFHG�LQ�D�SODVWLF�EDJ��ODEHOHG�ZLWK�QDPH�RI�WKH�YROXQWHHU�DQG�WKH�
WLPH�DQG�VLWH�LW�ZDV�FROOHFWHG��DQG�EURXJKW�WR�WKH�1<&�$XGXERQ�RI¿FH�WR�EH�VWRUHG�
LQ�D�IUHH]HU��:H�GRQDWHG�WKH�GHDG�ELUGV�WR�WKH�1HZ�<RUN�6WDWH�0XVHXP��$OEDQ\��RU�
WKH�$PHULFDQ�0XVHXP�RI�1DWXUDO�+LVWRU\��1<&��$OO�GHDG��RU�OLYH�ELUG�KDQGOLQJ�ZDV�
FDUULHG�RXW�XQGHU�WKH�UHTXLUHG�VWDWH�DQG�IHGHUDO�SHUPLWV��1HZ�<RUN�'HSDUWPHQW�RI�
&RQVHUYDWLRQ�SHUPLW�QXPEHU�������86*6�SHUPLW��������

Bird-collision monitoring: Variance
� 7R�DVVHVV�YDULDQFH�LQ�WKH�FROOLVLRQ�PRQLWRULQJ�GDWD��ZH�FRQGXFWHG�D�SHUVLVWHQFH�
VWXG\��7ZHQW\�IRXU�ELUG�FDUFDVVHV� ����Molothrus ater� �%RGGDHUW�� >%URZQ�KHDGHG�
&RZELUG@ and 12 Sturnus vulgaris� /�� >(XURSHDQ� 6WDUOLQJV@�� ZHUH� WDJJHG� ZLWK�
XQLTXH�LQGLYLGXDO�LGHQWL¿FDWLRQ�QXPEHUV��&DUFDVVHV��KHUHDIWHU�UHIHUUHG�WR�DV�³WHVW�
ELUGV´��ZHUH�WKDZHG�DQG�SODFHG�DORQJ�WKH�PRQLWRULQJ�SDWURO�URXWH�DW����SP��7KHVH�
VSHFLHV� ZHUH� XVHG� EHFDXVH� RI� WKHLU� VWDQGDUG� VL]H� DQG� FRORU�� DV� WR� QRW� LQWURGXFH�
IXUWKHU�FRQIRXQGLQJ�YDULDEOHV��/RFDWLRQV�IRU�WHVW�ELUG�SODFHPHQW�ZHUH�FKRVHQ�RS-
SRUWXQLVWLFDOO\�ZLWKLQ� WKH���GHVLJQDWHG�SDWURO� VLWHV� VXUURXQGLQJ�%U\DQW�3DUN� ��� �
�WK�$YHQXH���� �:HVW���QG�6WUHHW���� �:HVW�VLGH�RI�1HZ�<RUN�3XEOLF�/LEUDU\�WR��WK�
$YHQXH���� �:HVW���WK�6WUHHW���2QH�ELUG�ZDV�SODFHG�DW�HDFK�VLWH�SHU�GD\��7KHVH�VWHSV�
ZHUH�UHSOLFDWHG�RQ���WHVW�GD\V�EHWZHHQ����6HSWHPEHU�DQG���2FWREHU��XVLQJ���WHVW�
birds per day. 
� ,I�IRXQG�GXULQJ�UHJXODU�FROOLVLRQ�VXUYH\V��PRQLWRUV�UHWXUQHG�WHVW�ELUGV�WR�WKH�1<&�
$XGXERQ�RI¿FH��,I�QRW�IRXQG�GXULQJ�D�FROOLVLRQ�VXUYH\�WKH�PRUQLQJ�DIWHU�SODFHPHQW��
RQH�RI�WKH�DXWKRUV��(��%DUQHV��UHWXUQHG�WR�WKH�NQRZQ�SODFHPHQW�ORFDWLRQV����KRXUV�
DIWHU�SODFHPHQW�WR�GHWHUPLQH�LI�WHVW�ELUGV�ZHUH�PLVVHG�E\�D�PRQLWRU�RU�KDG�GLVDS-
SHDUHG�IURP�WKH�SODFHPHQW�ORFDWLRQ��:H�XVHG�D�FKL�VTXDUH�WHVW�RI�LQGHSHQGHQFH�WR�
GHWHUPLQH�LI�WKH�OLNHOLKRRG�RI�FDUFDVV�SHUVLVWHQFH�GLIIHUHG�EHWZHHQ�VLWHV��

Light analysis
� :H� SHUIRUPHG� OLJKW� DQDO\VLV� XVLQJ� WKH�PHWKRG� GHVFULEHG� E\� /LJKWV�2XW� &R-
OXPEXV� �������� DGDSWHG� IURP� (YDQV� 2JGHQ� �������� 8VLQJ� D� 1LNRQ� G��� '6/5�
FDPHUD�ZLWK�DQ����PP�OHQV��ZH� WRRN�SLFWXUHV�RI� WKH�EXLOGLQJV�DW�HDFK�VLWH�RQ�D�
ZHHNQLJKW�DW�OHDVW���KRXU�DIWHU�VXQVHW�GXULQJ�WKH�FROOLVLRQ�PRQLWRULQJ�SHULRG��:H�
WRRN�WKH�SKRWRJUDSKV�IURP�DFURVV�WKH�VWUHHW�DW�D�KHLJKW�RI������P�LQ�RUGHU�WR�SRVL-
WLRQ� WKH� HQWLUH� EXLOGLQJ� LQ� RQH� IUDPH�� (DFK� EXLOGLQJ�ZDV� SKRWRJUDSKHG� RQ� �� RU�
PRUH�QLJKWV��DQG�WKH�QXPEHU�RI�OLW�SL[HOV�ZDV�FRPSDUHG�EHWZHHQ�SKRWRJUDSKV�RI�
WKH�VDPH�EXLOGLQJ��)RU�DOO�EXLOGLQJV�WKH�QXPEHU�RI�OLW�SL[HOV�GLG�QRW�GLIIHU�VLJQLIL-
FDQWO\�EHWZHHQ�SKRWRJUDSKV��FKL�VTXDUH�WHVW��P�!��������VR�ZH�FKRVH�RQH�SKRWR�RI�
HDFK�IRU�DQDO\VLV�
� 3KRWRV�ZHUH� DQDO\]HG�XVLQJ�3KRWRVKRS� �&6��������$GREH�� ,QF��� DQG� ,PDJH� -�
�9HUVLRQ� ����W��1,+� ������ LPDJH�SURFHVVLQJ� SURJUDPV��7R� GHWHUPLQH� QLJKWWLPH�
OLJKWLQJ�ZLWKLQ� WKH�IDFH�RI�HDFK�EXLOGLQJ��ZH�PDVNHG�SKRWRV� WR� LQFOXGH�RQO\� WKH�
SL[HOV�IURP�LOOXPLQDWHG�ZLQGRZV�LQ�WKH�EXLOGLQJ��)LJ������8VLQJ�WKLV�PHWKRG��WKH�
SL[HOV�WKDW�PDGH�XS�WKH�OLW�ZLQGRZV�RI�D�EXLOGLQJ�ZHUH�FRQYHUWHG�WR�EODFN��ZKLOH�
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DOO�RWKHU�SL[HOV�LQ�WKH�SKRWR�ZHUH�FRQYHUWHG�WR�ZKLWH��:H�FRXQWHG�WKH�QXPEHU�RI�
OLW�ZLQGRZ�SL[HOV��7KH�VDPH�PHWKRG�ZDV�WKHQ�XVHG�WR�PDVN�DQG�FRXQW�WKH�QXPEHU�
RI� SL[HOV� ZLWKLQ� WKH� HQWLUH� IDFH� RI� WKH� EXLOGLQJ�� LQFOXGLQJ�ZLQGRZV��:H� FDOFX-
ODWHG�D�SHUFHQWDJH�RI�LOOXPLQDWLRQ�IRU�HDFK�EXLOGLQJ�E\�GLYLGLQJ�WKH�SL[HOV�ZLWKLQ�
LOOXPLQDWHG�ZLQGRZV� E\� WKH� WRWDO� SL[HOV� LQ� WKH� EXLOGLQJ�� D� OLJKW� LQGH[� IRU� HDFK�
EXLOGLQJ�E\�PXOWLSO\LQJ� WKH� LOOXPLQDWLRQ�SHUFHQWDJH�E\� WKH� QXPEHU� RI� IORRUV� LQ�
WKH�EXLOGLQJ��(YDQV�2JGHQ��������DQG�D�OLJKW�LQGH[�IRU�HDFK�VLWH�E\�DYHUDJLQJ�WKH�
OLJKW�LQGLFHV�RI�DOO�WKH�EXLOGLQJV�DW�WKH�VLWH��)RU�WKH�SXUSRVHV�RI�WKLV�SDSHU��ZH�DUH�
DVVLJQLQJ�WKH�QDPH�³SL[HO�XQLWV´�WR�WKLV�PHDVXUH��7KH�WHUPV�SL[HO�XQLWV�DQG�OLJKW�
LQGH[�DUH�XVHG�LQWHUFKDQJHDEO\�7R�GHWHUPLQH�WKH�SHUFHQW�RI�JODVV� LQ�HDFK�EXLOG-
LQJ��ZH�PDVNHG�DOO�SL[HOV�UHSUHVHQWLQJ�FOHDU�RU�UHIOHFWLYH�SODWH�JODVV�LQ�D�EXLOGLQJ�
IDFDGH�DQG�GLYLGHG�WKLV�QXPEHU�E\�WRWDO�SL[HOV�LQ�WKH�EXLOGLQJ�
� :H� XVHG� GHVFULSWLYH� VWDWLVWLFV� DQG� QRQ�SDUDPHWULF� WHVWV� WR� H[SORUH� WKH� DYLDQ�
FROOLVLRQV�GDWD��:H�UDQNHG�VLWHV�IURP����ORZHVW��WR����KLJKHVW��E\�OLJKW�LQGH[�DQG�
E\�QXPEHU�RI�FROOLVLRQV��DQG�HPSOR\HG�D�6SHDUPDQ¶V�UDQN�RUGHU�FRUUHODWLRQ�WR�GH-
WHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�OLJKW�LQGH[�DQG�QXPEHU�RI�ELUG�FROOLVLRQV. 7R�WHVW�
WKH�LQÀXHQFH�RI�RYHUDOO SHUFHQW�RI�JODVV�LQ�D�EXLOGLQJ�IDFDGH�RQ�WKH�OLJKW�LQGH[�RI�
HDFK�RI�WKH�EXLOGLQJV�ZH�XVHG�D�OLQHDU�UHJUHVVLRQ�PRGHO��6<67$7�6\VWDW�6RIWZDUH��
D�VXEVLGLDU\�RI�&UDQHV�6RIWZDUH�,QWHUQDWLRQDO��/WG����

Results

Bird collisions
� 7KLUW\�¿YH�ELUGV�RI����GLIIHUHQW�VSHFLHV�ZHUH� IRXQG�DQG�UHFRUGHG�DV�FROOLVLRQ�
YLFWLPV�DW�%U\DQW�3DUN��)RXU�RI�WKHVH�ELUGV�ZHUH�LQMXUHG��DQG����ZHUH�GHDG��6RPH�
ELUGV�ZHUH�UHFRYHUHG�LQ�VHPL�GHFD\HG��FUXVKHG��RU�RWKHUZLVH�GHJUDGHG�FRQGLWLRQ��

)LJXUH����$Q�H[DPSOH�RI� D�SKRWR� IURP� WKH�3URMHFW�6DIH�)OLJKW�%U\DQW�3DUN�SDWURO�EHIRUH�
EHLQJ�PRGL¿HG�IRU�OLJKW�DQDO\VLV��OHIW���DIWHU�EHLQJ�PDVNHG�WR�LQFOXGH�RQO\�SL[HOV�IURP�OLW�
DUHDV�ZLWKLQ�WKH�EXLOGLQJ��FHQWHU���DQG�DIWHU�EHLQJ�PDVNHG�WR�LQFOXGH�RQO\�SL[HOV�IURP�WKH�
EXLOGLQJ�IDFDGH��ULJKW��
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DQG�FRXOG�RQO\�EH�LGHQWL¿HG�WR�WKH�JHQXV�RU�IDPLO\�OHYHO��2I�WKH����LQGLYLGXDOV�LGHQ-
WL¿HG� WR� WKH� VSHFLHV� OHYHO��Dendroica striata �%ODFNSROO�:DUEOHU�� DQG�Geothlypis 
trichas��&RPPRQ�<HOORZWKURDW��ZHUH�PRVW�FRPPRQ��7DEOH����

Carcass Persistence
 �2I� WKH����FDUFDVVHV�SODFHG�DW� WKH�VLWHV�����ZHUH�QRW� IRXQG�DQG�UHSRUWHG�DIWHU�
���KRXUV��:H�FDOFXODWHG�FDUFDVV�SHUVLVWHQFH�DW�WKH�VLWH�WR�HVWLPDWH�WKH�OLNHOLKRRG�RI�
¿QGLQJ�D�FDUFDVV�WKDW�KDV�FROOLGHG�DQG�XVHG�LW�DV�D�PXOWLSOLHU�WR�LPSURYH�WKH�TXDOLW\�
RI�RXU�PRQLWRULQJ�GDWD��7KH�PHDQ�SHUVLVWHQFH�UDWH�RI�FDUFDVVHV�ZDV�������6'� �������
n� ������ZLWK�D�����FRQ¿GHQFH�LQWHUYDO�RI������WR�������:H�IRXQG�QR�GLIIHUHQFH�LQ�
SHUVLVWHQFH�RI�FDUFDVVHV�EHWZHHQ�WKH�VLWHV��Ȥ2 = 1.22, P� �������

Light analysis
� /LJKW�LQGH[�YDOXHV�DW�%U\DQW�3DUN�UDQJHG�IURP������WR�������7KH�VLWHV�ZLWK�WKH�
PRVW�FROOLVLRQV��6LWH���DQG�6LWH����KDG�WKH�KLJKHVW�OLJKW�LQGH[�YDOXHV�������DQG�������
UHVSHFWLYHO\���:H�IRXQG�D�VLJQL¿FDQW�SRVLWLYH�UDQN�RUGHU�FRUUHODWLRQ�EHWZHHQ�ELUG�
FROOLVLRQV�DQG�OLJKW�LQGH[��rho = 1.0, one-tailed, P < 0.05). 
� 7KH�SURSRUWLRQ�RI�JODVV�LQ�EXLOGLQJ�IDFDGHV�UDQJHG�IURP������WR�������SHUFHQW��
:H� IRXQG�D� VLJQL¿FDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�JODVV� DQG� OLJKW� LQGH[� �OLQHDU�
regression: r2 = 0.82, P����������ZLWK� WKH�SHUFHQW�RI�JODVV� LQ� WKH�EXLOGLQJ� IDFDGH�
H[SODLQLQJ�����RI�WKH�YDULDELOLW\�LQ�OLJKW�LQGH[��)LJ������

7DEOH����1XPEHU�RI�LQGLYLGXDOV�DQG�ORFDWLRQV�RI�DOO�ELUG�VSHFLHV��$28��UHFRUGHG�DV�EXLOGLQJ�FROOLVLRQ�
YLFWLPV�LQ�%U\DQW�3DUN��0DQKDWWDQ��1<�EHWZHHQ����6HSWHPEHU�DQG���1RYHPEHU��������

� � 7D[RQRPLF
6FLHQWL¿F�QDPH� &RPPRQ�QDPH� JURXS� 1XPEHU� /RFDWLRQ

Pheucticus ludovicianus��/��� 5RVH�EUHDVWHG�*URVEHDN� Cardinalidae 1 4
Melospiza lincolnii��$XGXERQ�� /LQFROQ¶V�6SDUURZ� Emberizidae  1 1
Zonotrichia albicollis��*PHOLQ�� :KLWH�WKURDWHG�6SDUURZ� Emberizidae 2 1,2
Q�D 6SDUURZ�VS�� Emberizidae 2 2
Dumetella carolinensis��/��� *UD\�&DWELUG� Mimidae 1 1
Setophaga ruticilla (L.) $PHULFDQ�5HGVWDUW� Parulidae 1 1
Mniotilta varia��/��� %ODFN�DQG�ZKLWH�:DUEOHU� Parulidae 1 4
S. caerulescens �*PHOLQ� %ODFN�WKURDWHG�%OXH�:DUEOHU� Parulidae 1 1
S. fusca �0�OOHU� %ODFNEXUQLDQ�:DUEOHU� Parulidae 1 2
S. striata��)RUVWHU�� %ODFNSROO�:DUEOHU� Parulidae �� ����
S. pensylvanica��/��� &KHVWQXW�VLGHG�:DUEOHU� Parulidae 1 2
Geothlypis trichas��/��� &RPPRQ�<HOORZWKURDW� Parulidea 4 1
S. Americana��/��� 1RUWKHUQ�3DUXOD� Parulidea 2 2
S. palmarum �*PHOLQ�� 3DOP�:DUEOHU� Parulidea 1 2
Q�D� :DUEOHU�VS�� Parulidea 5 1, 2
Troglodytes aedon��9LHLOORW�� +RXVH�:UHQ� Troglodytidae 1 1
Catharus ustulatus��1XWWDOO�� 6ZDLQVRQ¶V�7KUXVK� Turdidae 1 1
Hylocichla mustelina �*PHOLQ� :RRG�7KUXVK� Turdidae 1 2
Q�D 8QNQRZQ� Q�D 2 1, 2
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Discussion

Collision monitoring and carcass persistence
� 6SHFLHV� GLYHUVLW\� ZDV� KLJK� DPRQJ� WKH� FROOLVLRQ� YLFWLPV� DW� WKH� %U\DQW� 3DUN�
VLWHV�� ��� LQGLYLGXDOV� UHSUHVHQWLQJ� ��� GLIIHUHQW� VSHFLHV�� 6L[W\�WKUHH� SHUFHQW� �n = 
����RI�WKH�VSHFLHV�EHORQJHG�WR�WKH�ZDUEOHU�IDPLO\��ZKLFK�LV�FRQVLVWHQW�ZLWK�SUHYL-
RXV� VWXGLHV� WKDW� VXJJHVWHG� WKH�GLVSURSRUWLRQDWH�YXOQHUDELOLW\�RI� WKLV� WD[RQ� �H�J���
+DJHU�HW�DO��������/RVV�HW��DO��������,Q�DGGLWLRQ��DOO�RI�WKH�LGHQWLILHG�VSHFLHV�ZHUH�
SDVVDJH�PLJUDQWV��ZKHUHDV�WKH�PRVW�FRPPRQ�UHVLGHQW�ELUGV�LQ�WKH�DUHD²(XURSH-
an Starling, Passer domesticus��/����+RXVH�6SDUURZ���DQG�Columba livia *PHOLQ�
�5RFN�3LJHRQ�²ZHUH�QRWDEO\�QRW�FROOLVLRQ�YLFWLPV��:KLOH�UHVLGHQW�ELUGV�PD\�EH�
DW�KLJK�ULVN�IRU�FROOLVLRQV�LQ�ORFDWLRQV�ZLWK�IHHGHUV��'XQQ�������.OHP�������/RVV�
HW� DO�� ������� RXU� UHVXOWV� VXSSRUW� SUHYLRXV� ILQGLQJV� DW� ORFDWLRQV� ZLWKRXW� IHHGHUV�
WKDW�VWULNH�UDWHV�DUH�KLJKHU�LQ�WKH�VSULQJ�DQG�IDOO�DQG�DUH�PDLQO\�WKH�UHVXOW�RI�FRO-
OLVLRQV�E\�PLJUDQWV� �(YDQV�2JGHQ�������*HOE�DQG�'HOHFUHWD]�������/RVV�������
2¶&RQQHOO��������
� 7KH�UHVXOWV�RI�RXU�SHUVLVWHQFH�VWXG\�VXJJHVW�WKDW�FROOLVLRQV�LQ�1<&�DUH�XQGHU�UH-
SRUWHG��2Q�DYHUDJH��VL[W\�WKUHH�SHUFHQW��&,� ����±������RI�DOO�ELUGV�WKDW�DUH�LQMXUHG�
RU�GLH�LQ�FROOLVLRQV�ZHUH�QHYHU�IRXQG�E\�WKH�YROXQWHHUV�DQG�ZHUH�QRW�UHSRUWHG��1<&�
$XGXERQ�KDV�H[WUDSRODWHG�36)�GDWD�FROOHFWHG�IURP������WKURXJK������WR�HVWLPDWH�
WKH�DYHUDJH�DQQXDO�PRUWDOLW\� LQ�1HZ�<RUN�&LW\� IURP�FROOLVLRQV� LV�DSSUR[LPDWHO\�
�������ELUGV��8VLQJ�RXU�GHWHUPLQHG�PHDQ�FDUFDVV�SHUVLVWHQFH�UDWH��ZH�FDOFXODWHG�
D�PXOWLSOLHU�RI������WR�DGMXVW�FROOLVLRQ�HVWLPDWHV��*HKULQJ�HW�DO���������8VLQJ�WKLV�
PXOWLSOLHU��WKH�HVWLPDWHG�QXPEHU�RI�FROOLVLRQV�LQ�1<&�FRXOG�EH�DV�KLJK�DV���������
birds per year. 

)LJXUH����/LJKW�LQGH[�DV�D�IXQFWLRQ�RI�SHUFHQW�JODVV�LQ�D�EXLOGLQJ�IDFDGH�IRU�HDFK�EXLOGLQJ�
DW�%U\DQW�3DUN�SDWURO�VLWHV�GXULQJ�1HZ�<RUN�&LW\�$XGXERQ¶V�3URMHFW�6DIH�)OLJKW�PRQLWRULQJ�
���6HSWHPEHU±��1RYHPEHU�������
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� $OWKRXJK�RXU�VWXG\�VXJJHVWV�D�ORZ�UDWH�RI�FDUFDVV�UHFRYHU\�RQ�1HZ�<RUN�&LW\�
VWUHHWV�VXUURXQGLQJ�%U\DQW�3DUN��ZH�FDQ�RQO\�VSHFXODWH�DV�WR�WKH�VRXUFH�DQG�WLPLQJ�
RI�FDUFDVV�UHPRYDO��3UHGDWRU�UHPRYDO� LV�D�FRPPRQ�FRQFHUQ�DW�FROOLVLRQ�ORFDWLRQV�
�.OHP�HW��DO���������DQG�WKH�PRVW�FRPPRQ�SUHGDWRUV�LQ�1<&�DUH�IHUDO�FDWV�DQG�UDWV��
+RZHYHU�� LQ� KLJKO\� XUEDQL]HG� DUHDV� VXFK� DV�%U\DQW� 3DUN�� FDUFDVVHV�PD\� DOVR� EH�
UHPRYHG�E\� VLGHZDON� VZHHSHUV� DQG�EXLOGLQJ�PDLQWHQDQFH�FUHZV��$OVR�� WKH� WLPHV�
RI�GD\�ZLWK� WKH�KLJKHVW�VWULNH�UDWHV�DUH������DP�WR������DP��ZKLFK�FRLQFLGH�ZLWK�
SHGHVWULDQ�UXVK�KRXU��*HOE�DQG�'HOHFUHWD]��������DQG�FDUFDVVHV�PD\�EH�NLFNHG�RU�
WUDPSOHG�EH\RQG�UHFRJQLWLRQ�EHIRUH�EHLQJ�IRXQG�E\�PRQLWRUV��$GGLWLRQDO�VWXG\�LV�
QHHGHG�WR�GHWHUPLQH�ZKHQ�DQG�KRZ�FDUFDVVHV�DUH�EHLQJ�UHPRYHG��,Q�WKH�VSULQJ�RI�
������ZH�ZLOO�EHJLQ�WR�DGGUHVV�WKH�TXHVWLRQ�DERXW�FDUFDVV�SHUVLVWHQFH�E\�HQJDJLQJ�
VLGHZDON�VZHHSHUV�WR�KHOS�PRQLWRU�IRU�FROOLVLRQV� 

Light and glass
 :KLOH�VRPH�VWXGLHV�VXJJHVW�WKDW�QLJKWWLPH�OLJKWLQJ�LV�WKH�GULYLQJ�FDXVH�RI�ELUG�
FROOLVLRQV� LQ� KLJKO\� XUEDQL]HG� DUHDV� �(YDQV�2JGHQ� ������ /LJKWV�2XW�&ROXPEXV�
������� WKH� UHVXOWV� RI� RXU�SKRWRJUDSKLF� OLJKW� DQDO\VLV� VXJJHVW� WKDW� WKH�SHUFHQW�RI�
JODVV� LQ�D�EXLOGLQJ� IDFDGH�PD\�KDYH�DQ�HTXDO�RU�JUHDWHU� HIIHFW�RQ�ELUG±EXLOGLQJ�
FROOLVLRQ��%HFDXVH�JODVV�FDQ�DFW�DV�D�PLUURU��ELUGV�PD\�IO\�LQWR�ZLQGRZV�WR�UHDFK�
SHUFHLYHG�LPDJHV�UHIOHFWHG�LQ�WKH�JODVV��.OHP��������������7KH�DPRXQW�RI�YHJHWD-
WLRQ�UHIOHFWHG�LQ�RU�SUHVHQW�EHKLQG�JODVV�ZLQGRZV�KDV�DQ�HIIHFW�RQ�WKH�QXPEHU�RI�
DYLDQ�FROOLVLRQV�DW�D�ORFDWLRQ��DQG�ODQGVFDSLQJ�WKDW�FDXVHV�WKH�UHIOHFWLRQ�RI�YHJHWD-
WLRQ� LQ�JODVV� FDQ� LQFUHDVH� WKH� ULVN�RI� FROOLVLRQ�GHDWKV� �%RUGHQ�HW� DO�� ������*HOE�
DQG�'HODFUHWD]�������������.OHP�HW�DO���������7KH�EXLOGLQJV�VXUURXQGLQJ�%U\DQW�
3DUN�DUH�ODQGVFDSHG�XVLQJ�IORZHUV�DQG�VKUXEV��DQG�WKH�HQWLUH�DUHD�LV�OLQHG�LQ�WUHHV��
PDQ\�RI�ZKLFK�DUH�UHIOHFWHG�LQ�PDQ\�RI�WKH�JODVV�ZLQGRZV�DQG�EXLOGLQJ�IDFDGHV��
7KH�VLWHV�ZLWK� WKH�KLJKHVW�QXPEHU�RI�FROOLVLRQV� �VLWHV���DQG����DUH� WKH� ORFDWLRQV�
RI������$YHQXH�RI�WKH�$PHULFDV�������$YHQXH�RI�WKH�$PHULFDV��DQG������$YHQXH�
RI�WKH�$PHULFDV��7KHVH�EXLOGLQJV�DUH�DOO�EHWZHHQ����DQG����VWRULHV�ZLWK�H[SDQVLYH�
UHIOHFWLYH�JODVV�H[WHULRUV��
� 7KH�&LW\�3ODQQLQJ�&RPPLVVLRQ�LQ�1<&�UHTXLUHV�WDOO�EXLOGLQJV�WR�KDYH�VHW�EDFNV�
�&LW\� 3ODQQLQJ� &RPPLVVLRQ� ������� UHQGHULQJ� FROOLVLRQV� WKDW� RFFXU� DW� QLJKW� DQG�
DERYH�JURXQG�OHYHO�WR�JR�XQGHWHFWHG��,Q�DQ�XQSXEOLVKHG�VWXG\��6�%��(OELQ�IRXQG�WZR�
Sphyrapicus varius��/����<HOORZ�EHOOLHG�6DSVXFNHUV��RQ�WKH���nd�ÀRRU�EDOFRQ\�RI�D�
KLJK�ULVH�LQ�ORZHU�0DQKDWWDQ�WKDW�FROOLGHG�RYHU�QLJKW��2Q�WKH�RWKHU�KDQG��*HOE�DQG�
'HOHFUHWD]��������DQG�'H&DQGLGR��������IRXQG�WKDW�IHZ�FROOLVLRQV�RFFXU�GXULQJ�WKH�
QLJKWWLPH�LQ�0DQKDWWDQ��IXUWKHU�VXSSRUWLQJ�WKH�UROH�RI�JODVV�LQ�ELUG±EXLOGLQJ�FROOL-
VLRQV�DV�FRPSDUHG�WR�WKH�GLUHFW�HIIHFW�IURP�OLJKW�DW�QLJKW��%DVHG�RQ�WKH�ORZ�QXPEHU�
RI� FROOLVLRQV� GHWHFWHG� WKDW� RFFXU� DW� QLJKW� DQG� WKH� VWURQJ� FRUUHODWLRQ� EHWZHHQ� WKH�
DPRXQW�RI�JODVV�DQG�OLJKW�LQGH[�RI�D�JLYHQ�EXLOGLQJ������RI�WKH�YDULDELOLW\�LQ�OLJKW�
LQGH[�FDQ�EH�H[SODLQHG�E\�WKHSHUFHQW��RI�JODVV���ZH�VXJJHVW�WKDW�PRVW�FROOLVLRQV�DUH�
RFFXUULQJ�GXULQJ�WKH�GD\OLJKW�KRXUV�DQG�DUH�QRW�GLUHFWO\�FDXVHG�E\�OLJKWHG�ZLQGRZV��
:H�DUH�QRW�FRPSOHWHO\�GLVFUHGLWLQJ�WKH�UROH�RI�OLJKW�LQ�ELUG�FROOLVLRQV��EXW�RXU�GDWD�
GR�QRW�VXSSRUW�D�FDXVH�DQG�HIIHFW�UHODWLRQVKLS��
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 $UWL¿FLDO� OLJKW� SOD\V� DQRWKHU� UROH� WKDW� QHHGV� WR� EH� DGGUHVVHG��7KHUH� DUH� RWKHU�
W\SHV�RI�OLJKW�QRW�H[DPLQHG�LQ�WKLV�VWXG\��LQFOXGLQJ�VWUHHW�OLJKWLQJ��XSZDUG�IDFLQJ�
EXLOGLQJ�OLJKWV��DQG�VWDGLXP�OLJKWLQJ��7KLV�W\SH�RI�OLJKWLQJ�PD\�DIIHFW�ELUGV��PDNLQJ�
WKHP�PRUH�YXOQHUDEOH�WR�FROOLVLRQV�ZLWK�UHÀHFWLYH�JODVV��$UWL¿FLDO�OLJKW�DOWHUV�ELUG�
EHKDYLRU��FDXVLQJ�ELUGV�WR�FKDQJH�WKH�GLUHFWLRQ�WKH\�DUH�À\LQJ��-�$��&ODUN��)RUGKDP�
8QLYHUVLW\��%URQ[��1<�� XQSXEO��'DWD��$�� )DUQVZRUWK��&RUQHOO�8QLYHUVLW\�� ,WKDFD��
1<��XQSXEO��GDWD���0LJUDWLQJ�ELUGV�DUH�DWWUDFWHG�WR�OLJKWHG�VWUXFWXUHV��$YHU\�HW��DO��
������.HUOLQJHU�������/DUNLQ�DQG�)UDVH�������0DQYLOOH��������DQG�1<&�LV�NQRZQ�
IRU� LWV� LFRQLF� VN\OLQH� DW� QLJKW� �KWWS���ZZZ�LHVQ\F�RUJ�QLJKWVHHLQJ�DVS[��� %U\DQW�
3DUN�LV�EULJKWO\�OLW�DW�QLJKW�ZLWK�VWDGLXP�OLJKWV��ZKLFK�PD\�DWWUDFW�RU�GLVRULHQW�ELUGV�
GXULQJ�WKH�VSULQJ�DQG�IDOO�PLJUDWLRQ��7KH�PRUQLQJ�DIWHU�À\LQJ�LQWR�WKH�SDUN�DW�QLJKW��
WKHVH�ELUGV�DUH�VXUURXQGHG�E\�YHJHWDWLRQ�UHÀHFWHG�LQ�WKH�JODVV�EXLOGLQJV�VXUURXQG-
LQJ�WKH�SDUN��,Q�WKLV�ZD\��WKH�SDUN�DQG�LWV�VXUURXQGLQJ�EXLOGLQJ�HVVHQWLDOO\�DFW�DV�D�
WUDS�IRU�PLJUDWLQJ�ELUGV��
� 7KLV�VWXG\�FRPELQHV�DQ�DQDO\VLV�RI�ELUG±EXLOGLQJ�FROOLVLRQV�ZLWK�UHVSHFW�WR�WKH�
ORFDO�SUHVHQFH�RI�OLYH�ELUGV��WKH�DPRXQW�RI�OLJKW�HPLWWHG�IURP�VXUURXQGLQJ�EXLOGLQJ�
IDFDGHV��WKH�percent �RI�JODVV�RQ�VXUURXQGLQJ�EXLOGLQJV��DQG�SURYLGHV�D�PHDVXUH�RI�
YDULDQFH�LQ�WKH�PRQLWRULQJ�GDWD��2XU�¿QGLQJV�KLJKOLJKW�WKH�QHHG�IRU�PXOWL�YDULDWH�
DSSURDFKHV�WR�LQYHVWLJDWH�WKH�LPSDFW�RI�OLJKW��TXDOLW\�DQG�TXDQWLW\���UHÀHFWLYH�JODVV��
DQG�KDELWDW�RQ�ELUGV�GXULQJ�PLJUDWLRQ��0LWLJDWLRQ�RI�ERWK�OLJKW�DQG�JODVV�DUH�QHHGHG�
to reduce bird collisions in urban areas. 
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/RVV��6�5���7��:LOO��DQG�3�3��0DUUD��������7KH�LPSDFW�RI�IUHH�UDQJLQJ�GRPHVWLF�FDWV�RQ�ZLOG-
OLIH�RI�WKH�8QLWHG�6WDWHV��1DWXUH�&RPPXQLFDWLRQV�������±�����
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 BIRD DENSITY AND MORTALITY AT WINDOWS

 STEPHEN B. HAGER,17 HEIDI TRUDELL,24 KELLY J. MCKAY,3
 STEPHANIE M. CRANDALL,1 5 AND LANCE MAYER1' 6

 ABSTRACT-Little is known about impacts to birds from collisions with windows at commercial buildings.
 We monitored bird mortality from striking windows at five commercial buildings on two college campuses in
 northwestern and southwestern Illinois. Bird mortality at Augustana College (northwestern), which was evaluated
 from 2002 to 2006, totaled 215 individuals in 48 species for an average rate of 55 birds/building/year. We
 calculated a mortality rate of 24 birds/building/year for 2004-2005 from 142 individuals within 37 species at
 Principia College (southwestern). Mortality of North American migrant (NAM) and neotropical migrant (NTM)
 birds was higher during migration than during summer or winter. We tested the hypothesis at Augustana that
 density of birds at a given location will be positively correlated with numbers of birds that die due to strikes
 with windows. Bird density only partially explained strikes with windows since mortality was also a function
 of landscaped habitat that attracted birds. Annual bird mortality at commercial buildings may be about five times
 higher than previous estimates. These buildings may place bird populations at high risk of strikes at windows.
 Received 10 May 2007. Accepted 7 September 2007.

 Annual bird mortality from collisions with
 windows in North America could be as high
 as 1 billion (Klem 1990). Windows may be
 the most significant cause of mortality second
 only to habitat loss (Klem 2006). In an evo
 lutionary sense, both the fit and unfit are at
 risk wherever birds exist in close proximity to
 windows (Klem 1990).

 Experiments and systematic monitoring,
 mainly at residential structures (e.g., houses),
 suggest that mortality to birds from collisions
 with windows is highest in winter (Klem et
 al. 2004, Klem 2006) or migration and winter
 (Klem 1989), and disproportionately affects
 species that frequent bird feeders (Dunn 1993,
 Klem et al. 2004). It is thought that landscap
 ing features in the vicinity of houses, which

 maintain bird feeders, provide habitat (shelter
 and fruiting trees and shrubs) for birds and,
 thus, increase their vulnerability to window
 collisions (Klem 1989). It is also known that
 mortality at skyscrapers in large cities, such

 as Toronto, Chicago, and New York is signif
 icant, but little has been published about the
 details of negative impacts. Internet reporting
 by monitoring programs has identified thou
 sands of birds that die annually during spring
 and fall migration periods; the species most
 vulnerable are neotropical and North Ameri
 can migrants, and species of conservation
 concern (New York City Audubon Society
 2004, Hunsinger 2005, Fatal Light Awareness
 Program 2006).

 Less attention has been given to studying
 the impacts to birds at commercial buildings,
 which may be broadly defined as buildings
 (-600 m2) used in service, office, education,
 and healthcare (Swenson 1997). Recent de
 velopments related to commercial building
 construction may be placing birds at a higher
 risk of collisions with windows than current
 estimates of annual bird mortality. We esti
 mated that 5.58 million commercial buildings
 were in the United States in 2006 which is up
 1.63 million since 1986 (Klem 1990, Environ

 mental Protection Agency 2004).
 Blem and Willis (1998) suggested that in the

 last 10-20 years, commercial building construc
 tion had increased in suburban areas and these
 buildings are surrounded by landscaping fea
 tures that provide food and shelter for birds. We
 found support for this contention by examining
 city ordinances which mandate establishment of
 landscaping around commercial buildings (City
 of Rock Island, Illinois 2004; City of Wheaton,
 Illinois 2007). Furthermore, the American So

 1 Department of Biology, Augustana College, Rock
 Island, IL 61201, USA.

 2 Principia College, Elsah, IL 62028, USA.
 3 BioEco Research and Monitoring Center, Hamp

 ton, IL 61256, USA.
 4 2218 South 23rd Street, Abilene, TX 79605, USA.
 5 University of Illinois Extension, Rock Island

 County, 4550 Kennedy Drive, Suite 3, East Moline, IL
 61244, USA.

 6 1006 Oakcrest Street, Apartment 102, Iowa City,
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 ciety of Landscape Architects expected that in
 2007 the demand would be higher than ever for
 environmentally-friendly landscaping, which in
 cludes adding native plants and water resources
 in close proximity to commercial buildings
 (Owens 2006).
 One published study detailing the system

 atic monitoring in suburban Virginia of bird
 mortality at commercial buildings found: (1)
 bird mortality was about three times higher
 than the estimated 1-10 dead birds/building/
 year, (2) North American and neotropical mi
 grants died at higher proportions compared to
 permanent residents, and (3) mortality was
 highest during spring and fall migration and
 lowest in winter and summer (O'Connell
 2001). Similar results were reported by Blem
 and Willis (1998), whose data came partly
 from office buildings in Virginia, and by John
 son and Hudson (1976) in an analysis of bird
 impacts related to a glassed-in walkway con
 necting two commercial buildings in Wash
 ington State.

 It is critical that details of mortality due to
 collisions with windows at commercial build
 ings be identified given that relatively little is
 known about the interactions between birds
 and commercial buildings, and that more of
 these buildings are being constructed in areas
 that contain "bird-friendly" habitat. More
 over, little is known about the intrinsic factors
 affecting whether or not birds fly into win
 dows aside from the contention that birds do
 not perceive clear and tinted glass as barriers
 (Klem 1989, Klem et al. 2004). Extrinsic fac
 tors thought to affect collision frequency in
 clude behavior, window characteristics, and
 the environment (season, time of day, and
 weather) (Klem 1989, Klem et al. 2004). In
 addition, Klem (1989, 2006) hypothesized the
 best predictor of collision rate at any one site
 is the density of birds in the vicinity of glass.
 This hypothesis-hereafter referred to as the
 bird density hypothesis-was generally sup
 ported for bird mortality observed at a house
 in southern Illinois (Klem 1989) and by Dunn
 (1993), who analyzed data from Project Feed
 er Watch (Cornell Laboratory of Ornithology
 2006) for the winter months at houses where
 participants provided estimates of bird abun
 dance only for species observed at feeders.
 We present the results of two studies. In

 Study 1 we systematically monitored avian

 mortality from strikes at windows at five com
 mercial buildings in northwestern and south
 western Illinois: Augustana College, Rock Is
 land, and Principia College, Elsah, respective
 ly. Our objectives were to: (1) document the
 abundance and richness of birds killed by
 buildings, and (2) assess the relationship be
 tween season and migratory class of birds
 killed by windows, and between window area
 and mortality within sections of a building and
 among buildings. We tested the bird density
 hypothesis in Study 2 for a commercial build
 ing at Augustana College in spring (Apr-May
 2006) and winter (Dec 2006-Jan 2007). Our
 objective for this study was to evaluate the
 relationship between estimates of bird density
 using point counts and birds killed by strikes
 with windows.

 METHODS
 Study 1.-We monitored bird mortalities at

 two geographic locations in Illinois: Augus
 tana College in Rock Island and Principia Col
 lege in Elsah. Monitoring at Augustana Col
 lege was conducted at the Science Building
 (900 33' W, 410 30' N) from November 2002
 to November 2006 (Fig. 1). The college is
 within the Dissected Hill Plains Physiographic
 Area (Ruth 2006) and at the edge of a terrace
 overlooking the Mississippi River (National
 Cooperative Soil Survey 1998). The slopes of
 the bluffs are composed of upland hardwood
 forest, whereas the flat areas are landscaped
 with a variety of deciduous and evergreen
 shrubs and trees. The Science Building is at
 the western edge of campus. The western and
 southern edges of the building are in close
 proximity to wooded terrace slopes, while the
 northern edge faces a parking lot and paved
 roadway. The eastern side faces the "quad",
 which is a mosaic of landscaped grasses and
 woody vegetation including ginkgo (Ginkgo
 biloba), sycamore (Platanus spp.), oaks
 (Quercus spp.), maples (Acer spp.), and crab
 apple (Malus spp.).

 The Science Building is 74 m long, 25 m
 wide, and four stories in height. The main en
 try ways (2 along the eastern edge and 1 at
 the western edge), and the walls in which the
 entry ways are found, are almost completely
 glass. Much of the remainder of the eastern
 and western walls is composed of glass. We
 identified sections of the building that corre
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 Top view of Science Building (rotated 900
 clockwise relative to north), Augustana College,
 depicting sampling sections, A-P. Section P is a
 patio on the 4th floor and is above Section A. All
 other sections are four levels in height.

 K J
 L I ~~~~~H

 M /P

 / ~~~~~~~~E

 A B CD

 FIG..1. LcisnblicatrTop view of Principia College (rotated 180 I relative
 ~~ ~~ ~~~ to north) identifying the buildings monitored: 2

 ~~. .~~ ~ ~ (leftmost upper wing) = Dining Room, 3 = School of
 Government, 4 =School of Nations, and 5 =Library.

 Telescope

 FIG. 1. Locations and building characteristics for studies at Augustana and Principia colleges, Illinois.

 sponded to variation in wall characteristics
 and window size and shape. Each section was
 given a unique label ranging from "A"
 through "P" (Fig. 1) and we calculated win
 dow area. Little vegetation occurs at the im
 mediate edge of the building and this made
 visual surveys for dead birds relatively un
 obstructed. Some ivy ground cover (Hedera
 spp.) occurs at the northeast corner of the
 building, but the remainder is either paved
 walkway or decorative stone ground cover.

 We monitored avian mortality by completing
 about two surveys/week around the building.

 We focused on a 2-m wide transect surrounding

 the entire building that extended from the build
 ing's edge. An analysis of survey effort sug
 gested that two surveys/week, rather than daily
 surveys, were sufficient to accurately estimate
 mortality rate. Bodies reported to us by others
 that were within 2 m of the building were also
 included in the data set. We assumed that all
 dead birds adjacent to the building resulted from
 window collisions.

 We salvaged all bodies (including inciden
 tal findings exclusive of surveys), identified
 them to species whenever possible, and placed
 them in the Vertebrate Museum of Augustana
 College. Common and scientific names fol
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 in 2004 we could not monitor from 4 June to
 4 September and 20 November to 29 Decem
 ber, nor for July 2005. The college is within
 the Prairie Peninsula Physiographic Area
 (Ruth 2006) and is on the bluffs of the Mis
 sissippi River (National Cooperative Soil Sur
 vey 1999). The general character of campus
 vegetation is similar in landscaping design
 and plant species to Augustana.

 Standardized surveys for mortality were
 conducted at the Library, School of Nations,
 School of Government, and Dining Room
 (Fig. 1). The Library (Lib) is roughly square
 in shape and three stories in height. Relatively
 more vegetation surrounded this building than
 the others, although this did not impact visual
 surveys. School of Nations (SN) is two stories
 in height, roughly rectangular, and contains an
 irregularly shaped main entrance at the north
 east edge of the building. This building was
 the most difficult at which to conduct surveys
 due to the presence of creeping vegetation
 (e.g., Hedera spp.) that surrounded most win
 dows. This may have prevented us from re
 trieving all bodies. School of Government
 (SG), three stories in height, is "L' shaped
 from top view. The Dining Room (DR), two
 stories tall, comprises the eastern section of
 Howard Center and contains only three sides.
 No measurements were taken for each build
 ing. Qualitatively speaking, we ranked the fol
 lowing for relative size of buildings: SG >
 Lib > SN > DR; and for window area: Lib
 > SN > SG > DR.

 Survey methods and documentation for sal
 vaging bird bodies followed those used for
 Augustana, except that daily surveys were
 completed around each building and all bodies
 were deposited in the Museum of Natural His
 tory, University of California, Santa Cruz. In
 cidental mortality is reported as the number of
 bodies opportunistically encountered on cam
 pus exclusive of Lib, SN, SG, and DR; these
 are not included in any statistical analysis.

 KruskallWallis Ranked Sums test was used
 to evaluate differences in mortality for migra
 tory class and bird seasons. We used the log
 likelihood ratio to examine whether the pro
 portion of birds separated by migratory class
 was different relative to known proportions
 (total species = 147; NAM = 36.7%; NTM
 = 49.0%; PER = 14.3%; M. J. Hoff, unpubl.
 data) at the campus. Differences in mortality

 lowed the American Ornithologists' Union
 (1998). We also recorded the date and section
 of the building at which each body was found.
 Scavengers, grounds workers, custodians, and
 students may have impacted detection proba
 bility. However, we believe that any effect
 was minimal since many of the faculty, staff,
 and students at the Science Building were in
 formed of this project and reported bird bodies
 to us. Moreover, scavengers may have had lit
 tle impact since some of the bodies found
 were fairly well decomposed (estimated to be
 2-3 days old) and recent work found only
 13% of experimental baits were taken or
 moved slightly from their location by scav
 engers (Klem et al. 2004).
 We tested for differences in average weekly

 mortality by bird season using Kruskal-Wallis
 tests. Seasons were defined according to the
 seasonal movements of passerine birds in the
 region of northwest and southwest Illinois: (1)
 North American Migrant (NAM): Fall Migra
 tion = 2nd half of September-November,

 Winter = December-February, Spring Migra
 tion = March-lst half of May, Summer
 Breeding = 2nd half of May-lst half of Sep
 tember; (2) neotropical migrant (NTM): Fall

 Migration = 2nd half of August-Ist half of
 October, Winter = 2nd half of October
 March, Spring Migration = April-May, Sum
 mer Breeding = June-Ist half of August; and
 (3) permanent resident (PER): Non-Breeding
 Season = October-April, Breeding Season =
 May-September. Differentiating each migra
 tory class in this manner allowed us to more
 precisely assess the timing of mortality rela
 tive to seasonal movements of individuals. We
 used the log likelihood ratio and examined
 whether the proportion of birds separated by
 migratory class was different relative to
 known proportions (total species = 99; NAM
 = 45.5%; NTM = 36.4%; PER = 18.1%; S.
 B. Hager, unpubl. data) at the campus. We
 conducted simple linear regression to assess
 the relationship between window area (i.e.,
 building section) and mortality. Normality
 was examined using the Shapiro Wilk Test
 (Zar 1984) and all statistical tests were com
 pleted using JMP 6 (SAS Institute Inc. 2006).
 We monitored bird collisions at Principia

 College at windows at four commercial build
 ings (900 21' W, 380 56' N) between January
 2004 and November 2005 (Fig. 1); however,
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 by building (i.e., estimated window area) were
 examined using the log likelihood ratio.

 Study 2.-We tested the bird density hy
 pothesis at the Augustana College Science
 Building during spring migration (Apr-May
 2006) and winter (Dec 2006-Jan 2007). We
 chose spring migration since species detection
 via singing males, including non-breeding mi
 grants, could be maximized relative to fall,
 when male singing is rare for most species. A
 winter analysis was used so that comparisons
 could be made with spring since other studies
 speculated that window-caused mortality is
 low in winter as fewer birds may be present
 at a site (Johnson and Hudson 1976, Klem
 1989, Blem and Willis 1998).
 We assessed avian richness and abundance

 in spring with fixed radius (50 m) point
 counts, which were 10 min in duration (Bibby
 et al. 2000). The Science Building is dispro
 portionately long along a north-south axis and
 we established one point count station each on
 the west facing (Augie Point #1) and east fac
 ing (Augie Point #2) sides of the building.
 One point count survey was completed on
 Saturdays of each week between 0700-0800
 hrs CDT (surveys on 28 Apr and 5 May were
 completed on Friday). Data from both point
 count stations were combined for each survey
 date. We followed the weather protocol for the
 North American Breeding Bird Survey (Par
 dieck 2001). Weekly point count data were
 compared to the number of dead birds discov
 ered 3 days prior to and 3 days following the
 point count (surveys completed on a Friday
 were compared to mortality 2 days prior and
 4 days after this day). We assumed for this
 comparison that (1) migration for a species at
 a specific location may be several weeks in
 duration (Devore et al. 2004), and (2) within
 individuals, average stopover times would be
 -1 week in duration given data for White

 crowned Sparrow (Zonotrichia leucophrys)
 and Wood Thrush (Hylocichla mustelina)
 (Chilton et al. 1995, Wang and Moore 1997),
 and recent mathematical models (Schaub et al.
 2001, Efford 2005).

 We used the same point count survey meth
 odology for winter as in spring to estimate
 species abundance and richness except that
 surveys were completed between 0700 and
 0800 hrs CST We believe these methods were
 appropriate for winter since bird populations

 are generally stable during this season, as was
 found for winter home ranges in the Northern
 Cardinal (Cardinalis cardinalis) (Halkin and
 Linville 1999).

 Bird mortality due to collisions with win
 dows reported by others was highest in the
 spring and fall at commercial buildings (John
 son and Hudson 1976, Blem and Willis 1998,
 O'Connell 2001). Thus, based on the bird den
 sity hypothesis, we predicted the following at
 the Science Building: (1) in spring, a time of
 high mortality, bird abundance would be rel
 atively high; (2) in winter, a time of low mor
 tality, bird abundance would be relatively low;
 and (3) the abundance and richness of species
 killed at windows will be proportional to the
 abundance and richness of birds living in the
 vicinity of the building.

 We used simple linear regression to analyze
 the relationship between the abundance of

 mortalities and living birds, as well as the
 richness of mortalities and living birds within
 season. The Kruskal-Wallis Ranked Sums test
 was used to evaluate the abundance of mor
 talities to the abundance of living birds for
 each species. Differences in abundance and
 richness of living birds for spring and winter
 were assessed using ANOVA.

 RESULTS
 Study 1.-We documented 215 window

 killed birds within 48 species at Augustana
 College (Fig. 2, Appendix 1). Average mor
 tality was 54.8 birds/building/year. Species
 with ?10 dead individuals (this level ap
 peared to be a natural break in the data) in
 cluded White-throated Sparrow (Zonotrichia
 albicollis), Ovenbird (Seiurus aurocapilla),
 American Robin (Turdus migratorius), Swain
 son's Thrush (Catharus ustulatus), Dark-eyed
 Junco (Junco hyemalis), Ruby-throated Hum
 mingbird (Archilochus colubris), and North
 ern Cardinal. These represented 44.2% of the
 total mortality at the Science Building. Nine
 to 12 new species were added each year after
 an initial species total of 23 in 2003 (including
 8 weeks in 2002).

 The mean weekly rate of mortality for each
 migratory class (Fig. 3) differed among bird
 defined seasons (NAM: H = 35.9, P <
 0.0001; NTM: H = 72.9, P < 0.0001; PER:
 H = 6.33, P = 0.012). The proportions of
 window-killed NAMs (39.9%), NTMs (54.2%)
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 FIG. 2. Detections of dead birds/building/year, (A) 2002-2006 at Augustana College and (B) 2004-2005 at
 Principia College, Illinois.

 and PERs (6.3%) differed from proportions
 known to occur on campus (G = 9.06, df =
 2, P = 0.011). There was a significant positive
 relationship between window area and mor
 tality for each building section (n = 16, r2 =
 0.54, P = 0.0012).
 We documented 142 window-killed indi

 viduals of 37 species at Principia College
 (Fig. 2, Appendix 1). Average mortality was
 24.0 birds/building/year. Species killed most
 often (?8 individuals; natural break in the
 data) included Ruby-throated Hummingbird,
 American Robin, White-throated Sparrow,
 and Ovenbird. These species represented
 56.3% of the total mortality. Twelve new spe
 cies were found in 2005 relative to those
 found in 2004. Incidental mortality totaled 58
 individuals, which were dominated by the
 same species recorded during standardized
 surveys, except for Ovenbirds (Appendix 1).

 The mean weekly rate of mortality (Fig. 3)
 differed among seasons for NTMs (H = 34.3,

 P < 0.0001), but not for NAMs (H = 3.24, P
 = 0.36) or PERs (H = 0.69, P = 0.41). The
 proportions of window-killed NAMs (29.7%),
 NTMs (54.1%), and PERs (16.2%) was not
 different from proportions known to occur on
 campus (G = 0.81, df = 2, P = 0.67). Sig
 nificantly more birds died from collisions with
 windows at Lib (71.1%) than at SG (11.3%),
 SN (11.3%), and DR (6.30%) (G = 135.5, df
 = 3, P < 0.0001); this corresponded to qual
 itative estimates of window area by building.
 This may also be explained by the finding that
 all dead Ruby-throated Hummingbirds, which
 had the highest mortality at Principia, were at
 Lib; however, significantly more birds died at
 Lib than at the other buildings (G = 56.1, df
 = 3, P < 0.0001) even if hummingbirds are
 excluded from the data set.

 Study 2.-We documented 55 and 22 live
 species during spring and winter, respectively
 (Table 1, Appendix 2). Simple linear regres
 sion revealed no relationship between dead
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 FIG. 3. Detections of dead birds/week for bird-defined seasons separated by campus and migratory class,

 Augustana and Principia colleges, Illinois.

 and living birds for abundance (n = 8, r2 =
 0.014, P = 0.79) and richness (n = 8, r2 =
 0.18, P = 0.29) in spring. We found no rela
 tionship in spring between species of living
 birds observed around the Science Building
 and those that were killed, all surveys com
 bined (H = 23.1, P = 0.57). In spring, only
 8 of 55 (14.5%) species observed during point
 count surveys were recorded as window
 killed. We found no window-killed birds in

 winter despite relatively abundant species (de
 fined as >5 individuals/survey), such as
 American Crow (Corvus brachyrhynchos),
 American Robin, European Starling (Sturnus
 vulgaris), Cedar Waxwing (Bombycilla ced
 rorum), Dark-eyed Junco, Northern Cardinal,
 and House Sparrow (Passer domesticus). We
 found no differences in the abundances of liv
 ing birds between spring and winter (F =
 2.81, P = 0.12); however, richness in living
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 TABLE 1. Abundance of birds at point counts and birds found dead near windows at Augustana College,
 Illinois in Study 2.

 Season # Live birds # Birds found dead
 Observation
 datea Abundance Richness Abundance Richness

 Spring
 8 Apr 2006 113 25 2 1
 15 Apr 2006 98 25 0 0
 22 Apr 2006 101 20 0 0
 28 Apr 2006 107 17 1 1
 5 May 2006 70 22 4 3
 13 May 2006 76 22 1 1
 20 May 2006 127 32 3 3
 27 May 2006 85 22 2 2
 Mean ? SE 97.1 ? 6.80 23.13 ? 1.56 1.63 ? 0.50 1.38 ? 0.42
 Winter
 6 Dec 2006 128 16 0 0
 12 Dec 2006 86 14 0 0
 20 Dec 2006 87 12 0 0
 27 Dec 2006 68 14 0 0
 3 Jan 2007 68 16 0 0
 10 Jan 2007 71 13 0 0
 19 Jan 2007 73 14 0 0
 25 Jan 2007 59 10 0 0
 Mean ? SE 80.0 ? 7.62 13.6 ? 0.71

 a Weekly point count data were compared to bird kills discovered ? 3 days relative to the date on which a point count survey was conducted.

 birds differed between these seasons (F =
 30.7, P < 0.0001). Relatively abundant spe
 cies observed during point counts in both
 spring and winter experienced no mortality
 from window collisions, including American
 Robin, Northern Cardinal, and House Spar
 row. The monitoring data revealed no differ
 ences among years for mortality in spring (H
 = 1.81, P = 0.61) and winter (H = 4.59, P
 = 0.33). Thus, the mortality we documented
 in spring 2006 and winter 2006-2007 was not
 different than the mortality observed for these
 same seasons in previous years.

 DISCUSSION
 The results of systematic monitoring of

 window strikes at commercial buildings in
 northwestern and southwestern Illinois (Study
 1) demonstrate that bird mortality was high.

 We calculated a mortality rate of almost 55
 dead birds/building/year at Augustana (north
 western Illinois); this is about twice as high
 as Principia in southwestern Illinois (24 birds/
 building/year) and relative to an office park
 (29 birds/building/year) in Richmond, Virgin
 ia (O'Connell 2001). Bird mortality was high
 est among sections of the Science Building

 with the most window area and corresponded
 to buildings at Principia with the highest es
 timated window area. Species richness of bird
 mortality was higher at Augustana (n = 48)
 than at Principia (n = 37) and in Virginia (n
 = 40; O'Connell 2001). Differences among
 sites in numbers and species of birds dying
 may be a consequence of factors related to
 behavior, environment, and window area. We
 found that 9 to 12 new species died each year
 at both Augustana and Principia. Thus, multi
 year studies may observe a larger range of
 species dying from collisions with windows
 than monitoring projects of relatively short
 duration (O'Connell 2001).
 Mortality for Study 1 at Augustana and

 Principia was high for particular species:
 Ruby-throated Hummingbird, American Rob
 in, White-throated Sparrow, and Ovenbird.
 Swainson's Thrush, Northern Cardinal, and
 Dark-eyed Junco also died at high rates at Au
 gustana. Deaths of Ruby-throated Humming
 birds at Principia were more than twice as
 high as other species; about half of these
 deaths occurred in September, which includes
 the peak of fall migration in this region (Rob
 inson et al. 1996). Robinson et al. (1996) iden
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 tified Ruby-throated Hummingbirds as being
 possibly vulnerable to window strikes and
 Graham (1997) suggested that traplining (for
 aging for nectar over great distances of un
 defended plants) of hummingbirds may make
 them vulnerable to collisions. High abundance
 of this species in southwestern Illinois (K. J.
 McKay, pers. obs.) coupled with fall flower
 ing honeysuckle (Lonicera spp.) on the Prin
 cipia campus (M. J. Hoff, pers. obs.) may at
 tract high numbers during fall migration.

 White-throated Sparrows at Augustana were
 killed more often than other species. Most in
 dividuals (72%) died in the fall, a time during
 which migration for this sparrow is more pro
 longed than during spring (Borror 1948). We
 found individuals from September through
 November, whereas spring mortality was re
 stricted to May.

 Our work contributes toward a better un
 derstanding of those species commonly killed
 at windows of different building structures.
 Regular fatalities at commercial buildings in
 clude Ruby-throated Hummingbird, Yellow
 bellied Sapsucker (Sphyrapicus varius),
 Brown Creeper (Certhia americana), thrush
 es, waxwings, and wood-warblers (Klem
 1989, Blem and Willis 1998, O'Connell
 2001), whereas at houses they are grosbeaks,
 chickadees, and woodpeckers (Klem 1989,
 Dunn 1993). Some species are common at
 both structures: kinglets, American Robin,
 Northern Cardinal, White-throated Sparrow,
 Dark-eyed Junco, finches, and House Sparrow
 (Klem 1989, Dunn 1993, Blem and Willis
 1998, O'Connell 2001).

 To our knowledge, this is the first study to
 examine mortality of migratory classes
 against proportions known from a site and
 across specific bird-defined seasons for each
 migratory class. These analyses allowed us to
 more precisely understand bird mortality re
 lated to seasons. Generally, migrating species
 tended to die relatively more during spring
 and fall migration, although patterns of sea
 sonal mortality were different between cam
 puses. We believe the lack of monitoring sur
 veys conducted in summer and December at
 Principia resulting in less than a full year of
 monitoring data, explains part of these differ
 ences. In addition, differences may be attri
 buted to variation in the composition of bird
 populations among seasons at each site.

 We tested the bird density hypothesis in
 Study 2 at the Science Building of Augustana.
 We predicted the following at this building:
 (1) in spring, a time of high mortality, bird
 abundance would be relatively high, (2) in
 winter, a time of low mortality, bird abun
 dance would be relatively low, and (3) the
 abundance and richness of species killed at
 windows will be proportional to the abun
 dance and richness of birds living in the vi
 cinity of the building. Only the first of these
 predictions was supported by the data. Thus,
 our work does not support the bird density
 hypothesis per se. Our data suggest that in
 addition to bird density, window-related fac
 tors and bird behavior (Klem 1989) explain
 the patterns of collisions at windows observed
 at the Science Building. The hypothesis of
 window-related factors indicates that habitat
 variables attract particular avian species to the
 vicinity of windows which results in these
 species being more vulnerable to dying at
 windows than birds not found near windows.
 Factors in this explanation include: size and
 location of windows in a building relative to
 ground level; suburban and urban habitats;
 and habitat surrounding buildings that con
 tains bird feeding stations, fruiting trees, water
 supplies, and nesting and perching sites (Klem
 1989). The bird behavior hypothesis suggests
 that collisions with windows occur due to in
 tra- and interspecific interactions (e.g., male

 male chasing and escape flights due to sudden
 presence of a potential predator) and physio
 logical effects to the body during migration,
 e.g., migratory restlessness and aggression
 (Klem 1989, Berthold 2001).

 The results of Study 2 are consistent with
 these hypotheses because: (1) mortality was
 documented in spring and not in winter despite
 the observation during point counts of no sig
 nificant differences in abundance between these
 two time periods; (2) there was no relationship
 for species richness between birds found living
 near the building and those that died; (3) for
 birds that did not die from collisions with win
 dows, abundances were similar between spring
 and winter (e.g., Mourning Dove [Zenaida ma
 croura], Downy Woodpecker [Picoides pubes
 cens], and House Finch [Carpodacus mexican
 us]) or the species was more abundant in one
 season or another (e.g., American Crow and Ce
 dar Waxwing); (4) abundance was higher in
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 winter for some birds that died in spring (e.g.,
 European Starling); and (5) relatively abundant
 birds did not die at windows during Study 2
 (e.g., Northern Cardinal and House Sparrow)
 (Table 1, Appendix 2). Only one season each
 for spring and winter was examined for this
 work, but the mortality data were not statisti
 cally different among years for these seasons;
 several bird surveys completed on the Augus
 tana campus in previous years in winter and
 spring suggest that abundance and diversity
 were similar among years (S. B. Hager, unpubl.
 data).

 The bird density hypothesis was previously
 supported for houses during winter, and land
 scaping features and bird behavior (related to
 anti-predation) were found to contribute to
 collisions at windows (Dunn 1993). Our re
 sults for a commercial building suggest that
 birds are vulnerable to collisions with win
 dows for different reasons. The presence of
 bird feeding stations at houses may best ex
 plain these differences. Dunn (1993) noted
 that houses maintaining feeders attracted a

 minimum of 84 birds during a count period,
 which tends to confine high densities to a rel
 atively small area near a house. Mortality at
 houses is known to occur from the sudden
 presence of a potential predator that forced
 birds to abruptly take flight, but fail to rec
 ognize windows of a house as a barrier (Dunn
 1993). Klem et al. (2004) found a significant
 positive relationship between increasing dis
 tance of feeders from houses and the rate of
 bird-window collisions. Thus, it seems that
 window strikes by birds occur when densities
 per unit area are high and birds are congre
 gated some distance from the structure. We
 observed similar abundances at the Science
 Building as those reported by Dunn (1993)
 and suggest the density of birds was relatively
 lower when compared to the area available to
 birds at a house. In addition, birds known to
 frequent feeders in winter, such as Dark-eyed
 Junco, Northern Cardinal, and House Spar
 row, were common at the Science Building,
 but experienced no mortality during Study 2.
 Houses with feeder stations may increase bird
 density beyond some threshold value that sig
 nificantly increases their vulnerability to win
 dows strikes. Conversely, at commercial
 buildings without feeding stations, bird den

 sity per unit area and vulnerability to colliding
 with windows are relatively low.

 We suggest that birds in the United States and
 Canada are vulnerable to window collisions be
 cause: (1) increasing numbers of commercial
 buildings each year, zoning laws for and societal
 interest in increased naturalized habitat around
 houses and businesses, and that each of these is
 more common in suburban contexts (Blem and
 Willis 1998; Owens 2006; C. G. Mahaffey, pers.
 comm.); (2) bird mortality due to window col
 lisions at commercial buildings disproportion
 ately affects neotropical and North American
 migrants mostly during spring and fall migra
 tion; and (3) the reported annual mortality at
 commercial buildings is at least 3-5 times high
 er than estimated by Klem (1990). We recom
 mend implementing measures directed at dis
 rupting factors which place birds at high risk of
 striking windows. The most practical in the con
 text of heightened interest by the public in nat
 uralized landscaping are external window
 screening that covers windows and angled win
 dow mounting in buildings (Klem 2006). These
 significantly reduce mortality by migratory and
 non-migratory species (Klem et al. 2004, Klem
 2006). Proper placement of bird feeders, if pre
 sent in the vicinity of a building, appears to be
 effective in reducing mortality to species that
 frequent feeding stations (Klem et al. 2004).
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 APPENDIX 2. Species observed in Study 2 at Augustana College during point count surveys (n = 16) and
 monitoring surveys for window-killed birds. No dead birds were found in winter 2006-7.

 Winter
 Spring 2006 2006-7

 Migration # live/ # live/
 Common name Scientific name status survey # deada survey

 Canada Goose Branta canadensis NAM 0.3
 Wood Duck Aix sponsa NAM 0.3
 Mallard Anas platyrhynchos NAM 0.4
 Bald Eagle Haliaeetus leucocephalus NAM 0.1
 Sharp-shinned Hawk Accipiter striatus NAM 0.1
 Ring-billed Gull Larus delawarensis NAM 0.1
 Rock Pigeon Columba livia PER 1.4 1.1
 Mourning Dove Zenaida macroura NAM 2.5 2.9
 Chimney Swift Chaetura pelagica NTM 2.6
 Ruby-throated Hummingbird Archilochus colubris NTM 0.3
 Red-bellied Woodpecker Melanerpes carolinus PER 0.1 0.1
 Yellow-bellied Sapsucker Sphyrapicus varius NAM 0.6 2
 Downy Woodpecker Picoides pubescens PER 1.0 1.1
 Northern Flicker Colaptes auratus NAM 0.8
 Eastern Wood-Pewee Contopus virens NTM 0.3
 Yellow-bellied Flycatcher Empidonax flaviventris NTM 0.1
 Least Flycatcher E. minimus NTM 0.4
 Blue-headed Vireo Vireo solitarius NTM 0.1
 Warbling Vireo V. gilvus NTM 0.1
 Red-eyed Vireo V. olivaceus NTM 0.3
 Blue Jay Cyanocitta cristata PER 4.8 0.4
 American Crow Corvus brachyrhynchos PER 0.9 5.4
 Black-capped Chickadee Poecile atricapillus PER 2.3 1.5
 Tufted Titmouse Baeolophus bicolor PER 0.5
 White-breasted Nuthatch Sitta carolinensis PER 0.4 0.8
 Brown Creeper Certhia americana NAM 0.1
 Carolina Wren Thryothorus ludovicianus PER 0.3
 House Wren Troglodytes aedon NTM 1.1
 Golden-crowned Kinglet Regulus satrapa NAM 0.6
 Ruby-crowned Kinglet R. calendula NAM 2.5
 Veery Catharus fuscescens NTM 0.1
 Gray-cheeked Thrush C. minimus NTM 0.3
 Swainson's Thrush C. ustulatus NTM 1.0 2
 Hermit Thrush C. guttatus NAM 0.9
 Wood Thrush Hylocichla mustelina NTM 0.1
 American Robin Turdus migratorius NAM 6.8 6.5
 Gray Catbird Dumetella carolinensis NTM 0.3
 European Starling Sturnus vulgaris PER 5.4 1 8.8
 Cedar Waxwing Bombycilla cedrorum NAM 2.9 8.4
 Tennessee Warbler Vermivora peregrina NTM 0.9
 Nashville Warbler V. ruficapilla NTM 0.1
 Northern Parula Parula americana NTM 0.1
 Yellow Warbler Dendroica petechia NTM 0.1
 Yellow-rumped Warbler D. coronata NAM 1.0
 American Redstart Setophaga ruticilla NTM 0.5
 Ovenbird Seiurus aurocapilla NTM 0.4 2
 Chipping Sparrow Spizella passerina NTM 6.1 1
 Fox Sparrow Passerella iliaca NAM 0.1
 Song Sparrow Melospiza melodia NAM 0.1
 White-throated Sparrow Zonotrichia albicollis NAM 0.8 1 0.4
 Dark-eyed Junco Junco hyemalis NAM 0.6 10.4
 Northern Cardinal Cardinalis cardinalis PER 12.3 6.4
 Rose-breasted Grosbeak Pheucticus ludovicianus NTM 0.8 2
 Indigo Bunting Passerina cyanea NTM 0.4 2
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 APPENDIX 2. Continued.

 Winter
 Spring 2006 2006-7

 Migration # live/ # live/
 Common name Scientific name status survey # deada survey

 Red-winged Blackbird Agelaius phoeniceus NAM 1.3
 Common Grackle Quiscalus quiscula NAM 2.4
 Brown-headed Cowbird Molothrus ater NAM 5.4
 House Finch Carpodacus mexicanus PER 4.1 3.9
 American Goldfinch Carduelis tristis NAM 6.3 3.5
 House Sparrow Passer domesticus PER 11.8 17.6

 a Represents the absolute number of individuals.
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Reproduced with permission from the Journal of Field Ornithology, 1990,  61(l):120-128;

COLLISIONS BETWEEN BIRDS AND WINDOWS:
MORTALITY AND PREVENTION

DANIEL KLEM, JR.
Department of Zoology

Southern Illinois University at Carbondale
Carbondale, Illinois 62901 USA

Current Address: Department of Biology, Muhlenburg College, Allentown, PA 18104

Abstract.óBird strikes were recorded at the windows of commercial and private buildings to study
the effects of collision mortality on birds, and several experiments were conducted to evaluate
methods of preventing collisions between birds and glass panes. Two single houses that were
systematically monitored annually killed 33 and 26 birds, respectively. Collisions at one house in
the same 4-mo period (September- December) in consecutive years resulted in 26 and 15 fatalities,
respectively. At least one out of every two birds were killed striking the windows of these single
dwellings. The records from these homes also revealed that window strikes are equally lethal for
small and large species. The annual mortality resulting from window collisions in the United States
is estimated at 97.6-975.6 million birds. Experimental evidence indicates that complete or partial
covering of windows will eliminate bird strikes. If parts of the window are altered, objects or patterns
placed on or near the window must be no more than 5-10 cm apart and uniformly cover the entire
glass surface. Eliminating bird attractants from the vicinity of windows will reduce or prevent strikes
by reducing the number of birds near the glass hazard. If removal of attractants is unacceptable, place
them within 0.3 m of the glass surface; birds are drawn to the attractant on arrival and are not able
to build up enough momentum to sustain serious injury if they hit upon departure. My experimental
results further reveal that the common practice of placing single objects such as falcon silhouettes
or owl decoys on or near windows does not significantly reduce bird strikes. Window casualties
represent a potentially valuable, but largely neglected source of data capable of contributing
information on species geographic distributions, migration patterns, and various other studies
requiring specimens.

******************

Too often the destructive influence of human activities on bird populations is recognized only
after substantial damage has been done (Soule 1986). Plate glass is a non-selective lethal hazard for
free-flying birds (Townsend 1931, Banks 1976, Weir 1976, Avery et al. 1980), and human lifestyles
can hide the importance of this mortality factor for select species and birds in general (Klem 1979).
Modest attention and meager quantitative evidence is available to evaluate the exact or potential
impact of this human-caused mortality on avian populations (Banks 1979). From analyses of bird
strike accounts, a survey of window-killed specimens, and a series of experiments, I found collisions
to occur wherever birds and windows coexist (Klem 1979; Klem, in press). Here I (1) present results
suggesting that glass is or could become a significant mortality factor for some birds, and (2)
evaluate various techniques to prevent birds from striking windows.



METHODS

From 1974 to 1986 1 collected data on birds that were injured or killed at commercial and
private buildings primarily in southern Illinois but also throughout the United States and Canada. To
assess avian mortality at specific structures containing windows of different sizes and shapes,
planned observations were obtained from individually monitored single homes in Carbondale,
Jackson Co., Illinois (37'41'25"N, 89'15'50"W) and Purchase, Westchester Co., New York
(41'02'22"N, 73'42'04"W). The Carbondale house was the principal study site and is located in a rural
setting surrounded by mixed trees, shrubs, field and lawn. The Purchase house is located in a
suburban setting surrounded by trees, shrubs, and lawn.

Two experimental designs were used in southern Illinois. The data collected were frequency
counts of bird strikes at windows. A strike was registered when a specimen was found beneath a
window or a specimen remnant in the form of a feather, body smudge, or blood smear was found on
the glass. These data are likely to be incomplete but a conservative measure of glass as a mortality
factor; collisions may have occurred without leaving evidence, and predators and scavengers are
known to collect victims from the vicinity of windows (Klem 1981). The first design consisted of
a single experiment. Five identical wooden-framed picture windows were placed immediately
adjacent to each other along the edge of a mixed deciduous forest and corn field. The study site was
a small farm near Cobden, Union Co., Illinois (37'33'05"N, 89'15'38"W). Each window was 1.4 m
wide, 1.2 m high, and mounted 1.2 m above ground. Wire mesh trays were placed under each
window to catch casualties and were checked daily at dusk.

Four of the 5 windows were altered by placing objects on or around the glass; the unaltered
window served as a control. On one window, a diving falcon silhouette, 23.6 cm in length and with
45.4 cm wing spread was attached in the upper left corner as you face the window and angled
downward such that it appeared to be stooping toward prey; it is an exact replica of a commercially
available silhouette sold to prevent bird strikes. A Great Horned Owl (Bubo virginianus) replica,
used to frighten birds at food processing plants, was placed such that it appeared perched in front of
and at the bottom center of another window. Wind chimes constructed with 5 hollow metal cylinders
that dangle on monofilament line from a star-shaped metal cap (length 35 cm, width 7.8 cm at the
top) were hung in front of the top center of the window, and when activated by wind, the chimes
combine sound and motion to frighten birds from windows. A light set of 7-watt clear bulbs placed
30.5 cm apart was placed around an entire window, and set to blink 32 times per minute. They were
visible from both sides of the glass. An automatic timer turned the lights on and off at first and last
light, respectively. The experiment was conducted over 52 days during which the preventative
methods and control were randomly assigned on a daily basis.

The second design consisted of several experiments in which six Dark-eyed Juncos (Junco
hyemalls) were tested in an outdoor flight cage. Juncos were captured in April and early May, housed
in small flight cages, and tested throughout May. The flight cage was trapezoidal and 1.2 m high,
3.6 m in length, 0.3 m wide at the narrow end and 2.6 m wide at the broad end. Individuals were
released from a holding box at the narrow end and forced to discriminate between left or right flight
paths as they attempted to escape to wooded habitat visible outside the broad end of the cage. At the
broad end, one half of the cage was left unobstructed in all experiments. The other half was
obstructed by clear glass or various objects expected to prevent bird strikes. Actual glass was used
only in experiments that tested techniques similar to those in the field experiment. To prevent
accidental collision injuries to subjects in subsequent experiments, objects were hung on the



obstructed side with clear monofilament line in order to appear as if taped to glass.
Twenty-seven experiments were conducted. Each tested one subject and consisted of 10 to

30 trials in which I recorded whether a Junco passed through the unobstructed side of the cage or the
side with a preventative object. If the subject chose the obstructed side it was scored as a window
strike. On any test day, a group of five or fewer preventative methods was evaluated. Subjects were
tested with a single preventative method on any one test-day, and each subject was tested with each
of the methods in a group on consecutive test-days. The objects tested were: (1) clear glass; (2) small
diving falcon silhouette in upper left corner of pane (18.8 cm in length, 35.6 cm wing-spread); (3)
the same small diving falcon silhouette in center of window; (4) large diving falcon silhouette (same
as field experiment); (5) Barred Owl (Strix varia) silhouette (39.6 cm in length, 17.1 cm in width at
breast); (6) mounted Barred Owl specimen at bottom center of pane (same dimensions as Barred Owl
silhouette),(7) circle silhouette in center of pane (17.8 cm in diameter); (8) two vertebrate eyes in
center of pane (each eye 10.2 cm in diameter, separated by 1.3 cm, and patterned after lepidopteran
eyespots found by Blest (1957) to be most effective in frightening birds); (9) wind chimes (same as
field experiments but without motion and sound); (10) the same wind chimes with motion and
sound; (11) blinking lights (same as field experiment); (12) hanging ivy plant in planter at top-center
of pane (35.6 cm in length, 12.7 cm pot diameter); (13) blinking lights around the same hanging ivy
plant in planter at top-center of pane; (14) white cloth drapes covering entire pane,- 2.5 cm white
cloth strips placed horizontally and vertically, and uniformly covering pane with mesh openings
(width by height): (15) 43 x 58 cm, (16) 30 x 38 cm, (17) 20 x 30 cm, (18) 13 x 18 cm, (19) 10 X
13 cm, and (20) 8 x 10 cm; (21) single vertical 2.5 cm white cloth strip in center of pane; (22) single
horizontal white cloth strip in center of pane; vertical 2.5 cm white cloth strips uniformly covering
pane and separated by: (23) 18 cm, (24) 10 cm and (25) 5 cm; horizontal 2.5 cm white cloth strips
uniformly covering pane and separated by: (26) 10 cm and (27) 5 cm. Binomial tests were used to
determine the significance of each experiment (Siegel 1956).

RESULTS

Annual fatalities resulting from window collisions were 33 (54.1%) of 61 strikes at the
Carbondale house and 26 (55.3%) of 47 strikes at the Purchase house. Collisions at the Purchase
house in the same 4-mo period (September to December) in consecutive years resulted in 26 (76.5%)
fatalities from 34 strikes the first year, and 15 (51.7%) fatalities from 29 strikes the next. These data
indicate that mortality rates may vary as much as 24.2% from one year to another at one locality, and
at least at these houses, one out of every two birds is killed striking windows.

These same data were used to determine the vulnerability of different size birds. No
significant differences in mortality rates were found for two arbitrary weight classes (0-39 g,
hummingbirds-sparrows and >39 g, cardinals-bobwhite) at either the Carbondale (P > 0.5, X

2 = 0.18)
or Purchase (P > 0.5, X

2 = 0.94) houses.
Thirty-three collisions were registered in the field experiment, and of these 18 (54.5%) were

fatal. The distribution of strikes among the control and altered windows was not significantly
different from a uniform distribution (P > 0.05, X

2 = 8.7). These results indicate that the diving falcon
silhouette, owl decoy, wind chimes, and blinking lights do not significantly reduce strike rates.

The flight cage experiments support the field results and reveal that Dark-eyed Juncos could
not discriminate between clear glass and unobstructed airspace, or most of the preventative methods
evaluated. Fifteen of the preventative methods produced statistically significant results with one or



more subjects (Table 1). Only four preventative methods resulted in statistically significant
avoidance for all subjects. All Juncos avoided windows that were completely covered and rendered
translucent by a white cloth drape, and three patterns consisting of 2.5 cm wide white cloth strips that
uniformly covered the entire window. The effective patterns were: (1) a rectangular mesh forming
8 cm wide by 10 cm high openings, (2) vertical strips separated by 10 cm, and (3) horizontal strips
separated by 5 cm (Table 1).

TABLE 1. Results of laboratory experiments in which Dark-eyed Juncos (Junco
hyemalis) significantlya avoided preventative method.

Number significantly
Preventative method Number tested avoiding methoda

Large diving falcon silhouette 5 1
Barred Owl silhouette 5 1
Blinking lights around window frame 3 1
Blinking lights around hanging plant. 5 2
White cloth drape covering entire window 5 5
White cloth strips, 2.5 cm wide forming mesh sizes (cm):

44 x 58 5 1
29 x 38 5 1
21 x 28 5 2
14 x 18 1 2
10 x 13 4 3
8 X 10 5 5

White cloth strips, 2.5 cm wide placed vertically and separated by (cm):
10 4 4

5 4 3
White cloth strips, 2.5 cm wide placed horizontally and separated by (cm):

10 5 3
5 4 4

aBinomial tests were used to determine if the results of 10 to 30 trials per subject
differed significantly (P < 0.05) from the expected equal distribution.

DISCUSSION

Window casualties have the potential and already may be a significant mortality factor for
some species of birds. My findings, reported here and elsewhere, clearly indicate that birds do not
recognize glass as a barrier (Klem 1979, Klem, in press). Potential victims are the fit and unfit of
abundant as well as rare, threatened, and endangered species. At the windows of one building in
Europe, 54 birds were killed over a 2 mo period (Morzer Bruijns and Stwerka 1961). My records
document at least 33 deaths/yr resulting from window strikes at a single dwelling, and 1 out of 2
strikes resulted in a fatality. These same data reveal that window strikes are equally lethal for small



and large species. Documenting the effects on local populations, Lˆhrl (1962) described the regular
attrition of Swallows (Hirundo rustica) killed hitting a clear glass corridor until their nearby colony
was abandoned. Windows increase the threat to endangered populations; Walkinshaw (1976)
reported a window-killed Kirtland's Warbler (Dendroica kirtlandii), and Burns (pers. comm.) related
another account of Kirtland's Warbler hitting and surviving a window strike. L. Kiff (pers. comm.)
cited the persistent losses of Peregrine Falcons (Falco peregrinus) from collisions with reflective
windows as a serious threat to the successful reintroduction of this species in urban environments.
My survey of museum curators and individuals throughout the United States and Canada suggest
greater vulnerability for those species whose activities occur on or near the ground, such as several
species of thrushes, wood warblers, and finches (Klem 1979; Klem, in press).

The window hazard is likely to increase for resident and migrant birds as more and more
undisturbed habitat is modified by human development and the construction of new buildings
containing large expanses of glass. In addition to commercial growth stimulated by economic
interests, human population trends in the U.S. show a return to rural areas (Long and DeAre 1982)
resulting in increased land development and an increased threat for birds.

One annual estimate of avian mortality resulting from strikes is 3.5 million for the United
States alone (Banks 1979). This figure is based on the assumption that 1 bird is killed per square
mile of land per year. My findings of multiple windowkills at several man-made structures of various
types in urban, suburban, and rural settings, throughout every season, and under almost every
weather condition suggest this is an extremely low figure. Admittedly no less speculative, I offer an
alternative based on the criteria that 1 to 10 birds are killed per building per year in the U.S.
Attempting to be conservative, I used U.S. Bureau of Census (1986) data and estimated the number
of U.S. buildings by assuming each housing unit (93,519,000), commercial building (3,948,000), and
school (96,626) equated to 1 building each; this yields an annual windowkill toll of 97.6 to 975.6
million birds. The estimate is fundamentally speculative because it assumes U.S. buildings that kill
no birds are compensated for by those that kill many. Direct evidence supporting this assumption is
not available, but given known collision fatalities at single buildings, I submit that my suggestion
is reasonable if not overly conservative. Moreover, compensating for man-made structures that kill
no birds are buildings known to kill many but were not included in my estimate. They are
corporations and businesses that have more than I structure such as those in multistory and
multibuilding shopping mall complexes, schools such as colleges and universities consisting of more
than 1 building, and all types of local, state, and federal government buildings.

The 98 to 976 million death toll is offered as a general order of magnitude, but still represents
only 0.5 to 5.0% of the 20 billion birds estimated to compose the continental U.S. bird population
after the breeding season each year (A.O.U. 1975). Banksí (1979) estimate of yearly window-kills
represents 2.0% of the approximately 197 million annual bird deaths he attributes to all human
activity. Other comparative yearly estimates for other human-related avian mortality range from
approximately 3.5 million (2.0%) fatalities due to pollution and poisoning to 57 million (29.2%)
resulting from road collisions and 120.5 million (61.5%) from hunting. My lowest estimate of annual
window-kills for the U.S. exceeds all but the mortality figures for hunting, and I suspect that
additional study will reveal glass panes to exact the highest toll of any human-related avian mortality.

A uniquely human concern is the guilt and anxiety felt by a growing number of the general
public who discover that the windows of their houses and work place are killing birds. This concern
will likely have an increasing impact on the glass industry, architectural designs, landscape planners,
and the conservation community as more publicity and studies reveal the details of this mortality



factor for wild bird populations. Ironically, many aesthetic buildings housing local, state, and federal
park visitor centers are literally covered with glass, and these buildings regularly kill some of the
birds that the public comes to see.

Any factor that increases the density of birds near windows is known to increase strike rate
(Klem, in press). Consequently, the human propensity for placing bird attractants such as feeders,
watering areas, and nutritious and aesthetic vegetation in front of windows increases the hazard.
Interestingly, collisions and most evidence of their occurrence are often masked by the presence of
foundation plantings and the actions of scavengers, predators, and building personnel that regularly
patrol and collect the unsightly dead and dying.

Elimination of bird attractants near windows will reduce or completely prevent strikes by
reducing bird densities near the glass hazard. Alternatively, place attractants such as feeders within
0.3 m of the glass surface. Birds are drawn to the attractant upon arrival, and due to the close
proximity of the attractant to the window, they are not able to build up enough momentum to sustain
serious injury if they hit the glass upon departure.

My experimental results have revealed varied and effective methods of preventing bird
strikes. Other than removing windows from man-made structures, an action taken in some instances
but obviously unacceptable under most circumstances, glass panes must be completely covered if
collisions are to be eliminated. Covering windows with netting is most effective when cost and
aesthetic appearance are acceptable. Alternatively, glass panes must be transformed into obstacles
that birds can recognize and avoid. Spiders seem to have solved similar problems using stabilimenta
to make their orb webs more visible to flying birds (Eisner and Nowicki 1983). In a like manner, to
successfully protect hummingbirds and the smallest passerines, windows must be uniformly covered
with objects on or near the glass surface and separated by 5 to 10 cm. I found 2.5 cm cloth strips
oriented vertically and separated by 10 cm must be separated by 5 cm to be as effective when
oriented horizontally. The difference in the effectiveness for these two orientations may be associated
with a bird's adaptive response to the placement of vertical tree trunks separated by greater distances
than horizontal tree branches. These results indicate that birds in flight are more apt to give vertical
objects wider clearance than horizontal ones.

For new or remodeled buildings, architects and designers are encouraged to install windows
at an angle such that the pane reflects the ground instead of the surrounding habitat and sky.
Preliminary observations indicate that at a single building with windows angled in at their base, birds
avoid flying into an illusion of the ground, but are easily deceived by and strike reflected images of
habitat and sky on windows installed in the conventional vertical position.

Single objects such as falcon silhouettes or owl decals, large eye patterns, various other
pattern designs, and decoys did not reduce strike rates to a statistically significant level in my field
or flight cage experiments. Many such objects are commercially available, but they fail to prevent
most strikes because they cover only part of the glass and are not applied in sufficient numbers to
alert the birds to the glass barrier. Glass surfaces must be uniformly covered with objects or patterns,
separated by 5 to 10 cm, to effectively prevent bird strikes at windows.

My survey of museums revealed that window-kills are a valuable but largely neglected
ornithological resource. Of obvious value is the availability of specimens for anatomical and
plumage studies. Knowledge of geographic distribution and migration routes can be enhanced
through careful documentation of window casualties (Johnson and Hudson 1976). Nisbet (1970)
provided an excellent example of how similar data from television and radio tower-kills were used
to study migration patterns. Man-made structures with windows are distributed worldwide in contrast



to the relatively restricted geographic distribution of towers. Moreover, where towers typically
collect nocturnal migrants under adverse weather, windows kill birds in the day and night,
throughout the year, and under most weather conditions. An Indigo Bunting (Passerina cyanea) that
was banded after surviving a window collision in Canada killed itself striking the same window a
year later; this account provides direct evidence of individual migrants reusing the same migratory
routes from one year to the next (M. T. Butler, pers. comm.). Studies designed to band a select
number of window strike survivors should be considered to further address survival rates and other
migration-related questions. In general, studies of bird strikes at windows are encouraged to better
understand the toll that this source of man-caused avian mortality exacts on specific species, and as
an additional source of museum specimens.
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PREVENTING BIRD–WINDOW COLLISIONS
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ABSTRACT.—Birds behave as if clear and reflective glass and plastic windows are invisible, and annual
avian mortality from collisions is estimated in the billions worldwide. Outdoor flight cage and field experiments
were used to evaluate different methods to prevent collisions between birds and windows. Stripe and grid patterns
of clear UV-reflecting and UV-absorbing window coverings presented an effective warning that birds avoid while
offering little or no obstructed view for humans. Birds used UV-reflected signals to avoid space occupied by
clear and reflective sheet glass and plastic. Window coverings with effective UV-reflecting and UV-absorbing
patterns as warning signals can prevent unintentional killing of birds from collisions with windows. One-way
films that made the outer surface of windows opaque or translucent were successful in deterring bird strikes.
Ceramic frit glass consisting of a visual pattern of densely spaced 0.32-cm diameter dots, 0.32 cm apart was an
effective collision deterrent. Uniformly covering windows with decals or other objects that are separated by 5
to 10 cm was completely or near-completely effective in preventing strikes. Twice the number of window strikes
occurred at non-reflective sheet glass compared to conventional clear panes. Continuous monitoring of windows
revealed one in four bird strikes left no evidence of a collision after 24 hrs and, without continuous monitoring,
25% of bird strikes were undetected. Received 11 September 2008. Accepted 19 January 2009.

Avian mortality resulting from collisions
with clear and reflective sheet glass and plas-
tic is estimated to be in the billions worldwide
(Klem 1990, 2006). Collisions are predicted
and expected wherever birds and windows co-
exist (Klem 1989, 1990, 2006). Birds behave
as if windows are invisible, and it is important
to prevent this unintended killing, estimated
to represent the largest human-associated
source of avian mortality except habitat de-
struction (Klem 2006, 2009a, b). The diversity
of species and the invisible threat suggest that
birds in general are vulnerable to windows,
but documented casualties of species of spe-
cial concern indicates that avian mortality
from window collisions is contributing to pop-
ulation declines of specific species and birds
in general (Klem 2009a, b).

I evaluated several methods to prevent bird
strikes at windows using previously effective
outdoor flight cage and field experiments
(Klem 1989, 1990). Most preventive treat-
ments examined the use of ultraviolet (UV)
signals to alert birds to windows, and the
availability of materials affected the compo-
sition of what was tested in each experiment.
The ability of birds to avoid clear plastic and
the ability of one-way films, fritted glass, and
feathers to prevent collisions were also eval-
uated. Specifically, I tested: (1) clear plastic

1 Acopian Center for Ornithology, Department of
Biology, Muhlenberg College, Allentown, PA 18104,
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with a UV-absorbing component, (2) single
and uniform covering of multiple UV-reflect-
ing maple leaves, (3) a string of colored con-
tour feathers, (4) a one-way external film hav-
ing an unobstructed view from inside and an
obstructed view of dot pattern from outside,
(5) a ceramic frit glass with a uniform cov-
ering of translucent dots, (6) a variety of UV-
absorbing stripe patterns created by plastic
strips, and different UV-absorbing and UV-re-
flecting complete covering, striped, and grid
patterns created by external films.

METHODS

Flight cage and field experiments were con-
ducted on a 0.2-ha open mowed grass subur-
ban backyard surrounded and isolated from
neighbors by mature shrubs and evergreens in
Upper Macungie Township, Lehigh County,
Pennsylvania (40! 34" 35# N, 75! 34" 57# W).
Four field experiments were conducted on a
2-ha open rural area of mowed pasture bor-
dered by second growth deciduous forest and
shrubs in Henningsville, Berks County, Penn-
sylvania (40! 27" 53# N, 75! 40" 07# W).

Flight Cage Experiments.—These tests
were conducted from 13 March to 30 April
2004. The basic design was reported previ-
ously by Klem (1990) and consisted of a trap-
ezoidal flight cage 1.2 m high, 3.6 m in length,
and 0.3 m wide at the narrow end and 2.6 m
wide at the broad end. Five Dark-eyed Juncos
(Junco hyemalis), one White-throated Spar-
row (Zonotrichia albicollis), and one House
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Sparrow (Passer domesticus) were captured in
March for use as subjects, housed in small
cages, and tested from mid-March and
throughout April. Except for the House Spar-
row which was an adult female, age and gen-
der of all other subjects were unknown; pre-
vious studies of collision casualties document
equal vulnerability for all age and gender clas-
ses (Klem 1989).

Individuals were released from a holding
box at the narrow end and forced to discrim-
inate between left and right flight paths as
they attempted to escape to wooded evergreen
habitat visible outside the broad end of the
cage. One half of the cage at the broad end
was left unobstructed in all experiments. The
other half was obstructed by clear plastic or
objects tested to prevent bird strikes. During
testing of a subject, the obstructed and unob-
structed sides were changed for half the trials
to ensure no bias flight path preference for one
side or the other. Actual clear plastic was test-
ed with two Dark-eyed Junco subjects to learn
if they were capable of discriminating be-
tween clear plastic and unobstructed airspace.
Previous studies revealed that Dark-eyed Jun-
co subjects were not capable of discriminating
between clear glass and unobstructed airspace
(Klem 1990). Objects tested were hung on the
obstructed side with clear monofilament line
to appear as if taped, stuck, or applied as a
coating to clear glass or plastic to prevent ac-
cidental collision injuries to subjects in sub-
sequent experiments. No Institutional Animal
Care and Use Committee existed during this
study, but guidelines for the care of wild birds
in research were followed (Gaunt and Oring
1999). All subjects were released unharmed at
the end of the experimental period.

Eight flight cage experiments were con-
ducted. Each experiment tested one to five
subjects, and each subject flew a minimum of
10 trials per experiment with additional trials
(up to 24) to clarify results (Table 1). A trial
consisted of recording a subject passing
through the unobstructed side of the cage or
the side containing the object tested. If the
subject chose the obstructed side it was scored
as a window strike; if the subject flew through
the unobstructed side it was scored as avoid-
ance. Two to three objects were evaluated on
any test day. Individuals were tested with a
single object on any one test day, and subjects

tested with more than one object were tested
on different days. The objects tested were: (1)
clear plastic with a UV-absorbing component,
(2) single translucent UV-reflecting maple leaf
(WindowAlert Decal) measuring 10 $ 10 cm;
(3) uniform covering of 12 UV-reflecting ma-
ple leaves as in #2, placed 10 cm apart in
vertical columns and 5 cm apart in horizontal
rows; (4) a single clear monofilament line at-
tached to the quill of four colored (from top:
red, blue, yellow, and green) contour feathers
(FeatherGuard!) measuring 14.4–19.6 cm
long and separated by 33 cm; (5) 0.32-cm
thick vertically oriented 2.5-cm wide UV-ab-
sorbing plastic strips forming stripes separated
by 10 cm; (6) vertically oriented 2.5-cm wide
UV-absorbing strips forming stripes as in #5
but separated by 5 cm, (7) 2.5-cm wide UV-
absorbing plastic strips forming stripes as in
#5 but horizontally oriented and separated by
5 cm; and (8) ceramic frit glass uniformly
covered with a pattern of translucent-appear-
ing dots 0.32-cm in diameter separated by
0.32 cm. Binomial tests were used to examine
the significance of each experiment (Siegel
1956).

Field Experiments.—The basic design of all
field experiments was reported previously
(Klem 1989, 1990) and consisted of wood-
framed picture windows, accurately simulat-
ing those in houses; all were placed in the
same habitat oriented in the same direction 1
m from a tree-shrub edge facing an open field
(Klem 1989: figure 1). Each window mea-
sured 1.2 m wide $ 0.9 m high and was
mounted 1.2 m above ground. Plastic mesh
trays were placed under each window to catch
casualties. Three window units were used in
the first and second experiments, and were
separated by 4.2, 3.8, and 4.1 m. Three and
seven window units were used in the third to
sixth experiments separated by 7.8, 7.4, 7.9,
9.0, 7.4, and 8.3 m. A single platform feeder
measuring 30.5 cm on a side and 1.2 m above
ground mounted on crossed wooden-legs was
centered and placed 10 m in front of each win-
dow to simulate a feeding station at a rural
residential home. Feed consisted of a 1:1 mix-
ture of black-oil sunflower seeds and white
proso millet. All feeders were kept full
throughout each experiment. No object was
permitted at the same window on consecutive
days for all experiments, and each object test-
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TABLE 1. Preventive methods used in outdoor flight cage experiments to examine avoidance of bird–
window collisions.

Preventive method
Species tested

Number
tested

Number
significantly

avoiding
methoda

Number test
trials Avoidance

Non-
avoidance P

Clear sheet plastic
Dark-eyed Junco 2 0 14 8 6 0.395

10 6 4 0.377

Single UV-reflecting maple leaf in center of pane
Dark-eyed Junco 5 1 16 15 1 %0.001

17 7 10 0.834
10 2 8 0.989
15 7 8 0.696
10 5 5 0.623

Uniform covering of 12 UV-reflecting maple leaves, 10 cm separating 2 vertical columns, 5 cm separating 6
horizontal rows

Dark-eyed Junco 4 2 24 18 6 0.011
10 4 6 0.828
10 2 8 0.989
12 10 2 0.019

Feathers on monofilament line
Dark-eyed Junco 1 0 18 11 7 0.240
White-throated Sparrow 1 0 10 4 6 0.828

UV-absorbing 2.5 cm wide stripes forming vertical columns 10 cm apart
Dark-eyed Junco 5 1 10 6 4 0.377

10 10 0 %0.001
10 8 2 0.055
10 6 4 0.377
10 7 3 0.172

UV-absorbing 2.5 cm wide stripes forming vertical columns 2.5 cm apart
Dark-eyed Junco 5 3 10 10 0 %0.001

10 8 2 0.055
10 10 0 %0.001
10 8 2 0.055
10 9 1 0.011

UV-absorbing 2.5 cm wide stripes forming horizontal rows 5.0 cm apart
Dark-eyed Junco 5 5 10 10 0 %0.001

10 10 0 %0.001
16 13 3 0.011
15 12 3 0.018
10 10 0 %0.001

Ceramic frit pane with translucent dot pattern, 0.32 cm diameter dots separated by 0.32 cm spaces
Dark-eyed Junco 5 5 10 10 0 %0.001

12 10 2 0.019
18 13 5 0.048
10 10 0 %0.001
10 10 0 %0.001

House Sparrow 1 1 10 9 1 0.011

a Binomial tests were used to examine if results of 10 to 24 trials per subject differed (P % 0.05) from the expected equal distribution.



317Klem • PREVENTING BIRD–WINDOW COLLISIONS

ed in each experiment was randomly assigned
and moved to a new window unit daily. Win-
dows were checked each day 30 min after first
light and checked and changed daily 30 min
before last light for all experiments. Windows
were covered with opaque tarps and not mon-
itored during inclement weather such as high
winds, rain, or snow.

The parameter measured in all experiments
was the number of detectable bird strikes. A
strike was recorded when either dead or in-
jured birds were found beneath a window, or
when fluid or a blood smear, feather, or body
smudge was found on the glass. The data are
likely incomplete and conservative because
some strikes may not have left evidence of a
collision (Klem 1989, 1990, Klem et al.
2004). Predators and scavengers also are
known to remove some injured or dead birds
(Klem 1981, Klem et al. 2004). The length of
each experiment was ascertained by the num-
ber of recorded strikes required to statistically
evaluate the differences between treatments.
The experiments for some species occurred
during non-breeding and migratory periods,
but previous studies indicate no seasonal dif-
ference in the ability of birds to avoid win-
dows (Klem 1989).

The first experiment was conducted over 20
days from 5 to 27 December 2005 and tested
the clear glass control, non-reflective clear
glass pane exhibiting no glare when viewed
from any angle, and the same plastic strips
and spacing used in flight cage experiment #6;
the 0.32-cm thick edges of the plastic strips
were visible as translucent lines except when
viewed from directly in front of the window.

The second experiment was conducted over
50 days from 1 February to 29 March 2006
and tested the clear glass control, complete
covering of a commercially available clear
UV-absorbing film supplied by CPFilms Inc.
(Martinsville, VA, USA), and the same clear
UV-absorbing film cut and applied as 2.5 cm
wide UV-absorbing strips forming stripes sep-
arated by 5 cm of clear glass; no edgings of
the strips were visible from any angle of view.

The third experiment was conducted over
90 days from 22 November 2006 to 23 Feb-
ruary 2007 and tested five commercially
available exterior window films by CPFilms
Inc. UV measurements for wavelengths be-
tween 300 and 380 nm were recorded with a

Cary 5000 Spectrophotometer. The clear glass
control transmitted 74.6% UV while each of
the films absorbed most UV, allowing UV
transmittance of 0.13% or less. Each film type
reflected 8.8% UV or less. The experimental
windows were: (1) clear glass control; (2)
complete covering of clear UV-absorbing film
applied to exterior glass surface (UVC-O), (3)
same as #2 but applied to interior glass sur-
face (UVC-I); (4) complete covering of UV-
absorbing REX20 film transmitting 20% and
reflecting 65% visible light, having a high re-
flective quality; (5) complete covering of UV-
absorbing REX35 film transmitting 35% and
reflecting 55% visible light, having a high re-
flective quality; (6) complete covering of UV-
absorbing NEX1020 film containing a metal-
lic layer with a moderate reflective quality,
and (7) complete covering of UV-absorbing
RK20 Rynar film with a low reflective quality.

The fourth experiment was conducted over
50 days from 10 March to 3 May 2007 and
retested the clear glass control, UVC-O film
applied as 2.5 cm wide vertically oriented
strips forming stripes separated by 2.5 cm
clear glass, and commercially available
CollidEscape film supplied by Large Format
Digital Inc. (Edgerton, WI, USA) applied to
the exterior glass surface, permitting a rela-
tively unobstructed view looking at the inside
surface of a covered pane and a completely
obstructed view looking at the outside surface.
Windows covered in CollidEscape appear uni-
formly white.

The fifth experiment was conducted over 90
days from 29 October 2007 to 9 February
2008 and tested a new clear UV-reflecting
film, alone and in combination with existing
exterior clear UV-absorbing film from
CPFilms Inc. The new clear film reflected
80% UV. The experimental windows were: (1)
clear glass control; (2) complete covering of
clear UV-reflecting film applied to exterior
surface (CUV-O); (3) same as #2 but applied
to interior glass surface (CUV-I); (4) 2.5-cm
wide UV-reflecting film strips forming stripes
oriented vertically and separated by 5 cm UV-
absorbing film strips forming stripes oriented
vertically and applied to the outside glass sur-
face (S-1R); (5) 5-cm wide UV-reflecting film
strips forming stripes oriented vertically and
separated by 2.5 cm UV-absorbing film strips
forming stripes oriented vertically and applied
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to the outside glass surface (S-2R-O); (6)
same as #5 but applied to the interior glass
surface (S-2R-I); and (7) a grid pattern con-
sisting of 10-cm wide UV-reflecting vertical
columns separated by 2.5-cm wide UV-ab-
sorbing vertical columns, and 8-cm wide UV-
reflecting horizontal rows separated by 2.5-cm
wide UV-absorbing horizontal rows applied to
the outside glass surface (GRID).

The sixth experiment was conducted over
50 days from 29 February to 25 April 2008
and retested the clear glass control and clear
UV-reflecting and UV-absorbing films CUV-
O, S-1R, and S-2R-O.

All windows were continuously monitored
for 17 hrs over 4 days (6, 12, 24, and 30 Jan
2007) during the fourth experiment to learn if
strikes occurred without leaving any visible
evidence. Additionally, 60 hrs of continuous
observation were conducted over 14 days (11,
13, 14, 17, 18, 21, 25, and 28 Mar and 3, 7,
8, 10, 14, and 15 Apr 2008) during the sixth
experiment to observe active avoidance or
failure to avoid the experimental windows.
The flight path of individual birds moving
from a platform feeder toward a window was
recorded and assessed as active avoidance if
the bird changed direction immediately in
front and passed around or over a window.

I used SPSS (SPSS Inc. 2006) for all sta-
tistical analyses of the field experiments. Chi-
square goodness-of-fit was used to evaluate
experimental results: number of strikes per
treatment compared to a uniform distribution
of strikes across all treatments per experiment.
Test results were considered statistically sig-
nificant when P % 0.05.

RESULTS

Flight Cage Experiments.—Dark-eyed Jun-
cos did not discriminate between clear plastic
and unobstructed airspace. There was mixed
discrimination among Dark-eyed Juncos and
individual White-throated and House spar-
rows compared with other preventive methods
evaluated (Table 1). Only the UV-absorbing
2.5-cm wide horizontally oriented plastic
strips forming stripes separated by 5 cm and
the ceramic frit dots uniformly covering the
entire window resulted in statistically signifi-
cant avoidance for all subjects. The UV-re-
flecting maple leaves were more effective in
alerting birds to a barrier when applied in

enough numbers to be separated by 10 cm in
vertical columns and 5 cm in horizontal rows;
a single UV-reflecting maple leaf in the center
of a window was ineffective in alerting four
of five subjects to the presence of a clear win-
dow barrier.

Field Experiments.—Forty-two strikes were
recorded in the first experiment; 17 (41%)
were fatal. The number of strikes differed sig-
nificantly across all treatments with 14 (33%)
at the clear glass control, 28 (67%) at the non-
reflective glass, and none at the vertically ori-
ented 2.5-cm UV-absorbing plastic strips
forming stripes separated by 5 cm (&2 ' 28.0,
df ' 2, P ' 0.001). Species numbers and win-
dow at which fatalities occurred were: two
White-throated Sparrows and three House
Sparrows at the clear glass control; and four
Northern Cardinals (Cardinalis cardinalis),
two House Finches (Carpodacus mexicanus),
four White-throated Sparrows, and two Dark-
eyed Juncos at the non-reflecting glass.

Fifty-five strikes were recorded in the sec-
ond experiment; 11 (20%) were fatal. The
number of strikes differed significantly across
all treatments with 35 (64%) at the clear glass
control, 12 (22%) at the complete UV-absorb-
ing film covering, and 8 (14%) at the verti-
cally oriented 2.5-cm wide UV-absorbing film
strips forming stripes separated by 5 cm (&2

' 23.2, df ' 2, P ' 0.001). Species numbers
and window at which fatalities occurred were:
two Northern Cardinals and one Dark-eyed
Junco at the clear glass control; two White-
throated Sparrows, two Song Sparrows (Me-
lospiza melodia), and one House Sparrow at
the complete UV-absorbing film covering; and
one White-throated Sparrow, one Song Spar-
row, and one House Sparrow at the vertically
oriented 2.5-cm wide UV-absorbing film strips
forming stripes separated by 5 cm.

One-hundred and ninety-four strikes were
recorded in the third experiment; 20 (10%)
were fatal. The total number of strikes differed
significantly across all treatments, with 51
(26%) at the clear glass control, 24 (12%) at
UVC-O, 20 (10%) at UVC-I, 30 (15%) at
REX20, 24 (12%) at REX35, 21 (11%) at
NEX1020, and 24 (12%) at RK20 (&2 ' 25.0,
df ' 6, P % 0.001). Species killed and the
windows at which fatalities occurred were:
one White-throated Sparrow, one American
Tree Sparrow (Spizella arborea), five Dark-
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eyed Juncos, and two House Finches at the
clear glass control; one Black-capped Chick-
adee (Poecile atricapillus), one White-throat-
ed Sparrow, two House Finches, and one
Northern Cardinal at UVC-O; one House
Finch at UVC-I; two American Tree Sparrows
at REX20; two Dark-eyed Juncos at REX35;
and one Mourning Dove (Zenaida macroura)
at RK20.

Seventy-seven strikes were recorded in the
fourth experiment; two (3%) were fatal. The
total number of strikes differed significantly
across all treatments, with 49 (64%) at the
clear glass control, 27 (35%) at the vertically
oriented 2.5-cm wide UV-absorbing film strips
forming stripes separated by 5 cm, and one
(1%) at the CollidEscape covered window (&2

' 44.99, df ' 2, P ' 0.001). Eight (30%) of
the 27 strikes at the window with the UV-
absorbing film stripes occurred over film,
there were 14 (52%) strikes at clear glass be-
tween film, and five (18%) strikes included
parts of both film and non-film areas; there
was no significant difference between striped
and no striped impact sites (&2 ' 1.64, df '
1, P ' 0.20).

Eighty-six strikes were recorded in the fifth
experiment; 13 (15%) were fatal. The total
number of strikes differed significantly across
all treatments with 60 (70%) at the clear glass
control, eight (9%) at CUV-O, seven (8%) at
CUV-I, two (2%) at S-1R, one (1%) at S-2R-
O, four (5%) at S-2R-I, and four (5%) at the
GRID (&2 ' 219.23, df ' 6, P % 0.001). All
13 fatalities occurred at the clear glass control
and were: one Black-capped Chickadee, one
White-breasted Nuthatch (Sitta carolinensis),
two House Finches, one American Goldfinch
(Carduelis tristis), one American Tree Spar-
row, and seven Dark-eyed Juncos.

Fifty-five strikes were recorded in a vali-
dating sixth experiment retesting selected
treatments of experiment #5; 11 (20%) were
fatal. The total number of strikes differed sig-
nificantly across all treatments, with 38 (69%)
at the clear glass control, 11 (20%) at CUV-
O, three (5.5%) at S-1R, and three (5.5%) at
S-2R-O (&2 ' 60.13, df ' 3, P ' 0.001). Spe-
cies numbers and windows at which fatalities
occurred were: one Black-capped Chickadee,
two American Tree Sparrows, and five Dark-
eyed Juncos at the clear glass control, and two

American Tree Sparrows and one Dark-eyed
Junco at CUV-O.

Flight paths of 67 individual birds flying
from the bird feeders toward the windows
were recorded during 60 hrs of continuous ob-
servation over 14 days to examine the move-
ments of individuals during the sixth experi-
ment. Six (55%) of 11 individuals flying to-
ward the clear glass control moved to avoid
and five (45%) hit the window. Fourteen
(93%) of 15 individuals flying toward CUV-
O moved to avoid and one (7%) hit the win-
dow. All 24 individuals flying toward S-1R
moved to avoid the window. Fifteen (88%) of
17 individuals flying toward S-2R-O moved
to avoid and two (12%) hit the window. One
strike in four left no evidence of a collision
lasting 24 hrs based on 17 hrs of continuous
observation.

DISCUSSION

The application of clear and reflective UV-
absorbing films to the exterior of windows of-
fered some protection from strikes by reduc-
ing the deceptive quality of reflections. The
use of clear UV-absorbing external films to
create stripe patterns had mixed results. The
incremental use of 0.32-cm thick plastic strips
used to form stripes and then external films in
experiments were attempts to create UV sig-
nals to learn if test subjects and birds flying
in the wild would behave as if they could see
and avoid the treated panes. All attempts to
create protective patterns visible to birds using
a UV-absorbing plastic and film offered a
weak UV-reflecting signal, no greater than
13% UV-reflectance. A new clear UV-reflect-
ing exterior film that produced a UV-reflecting
signal with 80% reflectance offered an im-
proved opportunity to meaningfully test the
utility of UV signals to deter bird–window
collisions. The promise of UV signals serving
to alert birds to danger was uncertain given
that lower wavelengths of UV, blue, and pur-
ple colors are often associated with attraction
behavior, sexual selection, and finding food
(Burkhardt 1982, Bennett and Cuthill 1994,
Vitala et al. 1995, Bennett et al. 1996, Hunt
et al. 1998).

Color signals used by birds and other ani-
mals as warnings or an alert to danger (apo-
sematic coloration) are most often in the upper
visual wavelengths perceived as yellows, or-
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anges, and reds. Supporting the questionable
value of UV signals to deter window strikes
were comparative records of strike rates at
wind turbines painted with UV-reflecting and
conventional non-UV-reflecting paints (Young
et al. 2003). Notwithstanding the ability to at-
tract, it is reasonable to suspect that UV sig-
nals could also be used to alert birds to the
presence of clear and reflective sheet glass and
plastic. Repeated validating field experiments
supplemented by detailed recording of avoid-
ance by individual birds revealed that a com-
bination of UV-reflecting and UV-absorbing
stripe and grid patterns were effective in pre-
venting bird–window collisions. These results
document that birds were able to recognize the
window-covering UV stripes and grid pattern
as barriers to avoid. Applications that combine
alternating and contrasting UV-reflecting and
UV-absorbing patterns to existing clear and
reflective windows have promise of prevent-
ing bird strikes while offering little or no vi-
sual distraction for humans.

The results of both flight cage and field ex-
periments provide additional confirmation that
birds behave as if clear sheet glass and plastic
in the form of windows are invisible, and that
several methods are available to effectively
prevent bird–window collisions. The clarity
and lack of any visible cues best explains
twice as many strikes at the non-reflective
glass pane compared to a conventional clear
window. These findings support the interpre-
tation that decals or other objects such as
feathers placed on or hung in front of a win-
dow are ineffective at preventing bird strikes
when used alone. Increasing their numbers so
they uniformly cover the window surface, and
separating decals or strings of feathers and
beads by 5 to 10 cm provides complete or
near-complete avoidance.

One-way films that result in a complete
opaque or translucent covering when viewed
from outside, but only weakly diminish the
view from inside, were expected and con-
firmed to be effective strike deterrents. The
uniformly dense dot pattern created as ceram-
ic frit was effective in alerting birds to the
presence of a glass barrier. The presence of
dotted ceramic frit glass in the science build-
ing at Swarthmore College in Swarthmore,
Pennsylvania, USA since installation has ex-
perienced as few as two known collisions a

year (E. C. Everbach, pers. comm.). This same
dotted ceramic frit glass has experienced no
known collisions at a corridor in the renovated
science building on the campus of Muhlen-
berg College in Allentown, Pennsylvania, but
a dozen collision fatalities have been docu-
mented at conventional clear glass panes else-
where in this same building for 1 year since
installation (DK, pers. obs.). The dot or other
objects creating patterns of visual noise must
be placed on the exterior surface of windows
to be visible; exceptions are at see-through
sites such as corridors and where glass walls
meet at corners and where protective patterns
will be visible when placed on interior surfac-
es.

These experiments further reveal that strike
frequency at intensely monitored sites is likely
to be incomplete and conservative because
some impacts may not leave any evidence of
a collision. Moreover, predators and scaven-
gers may have removed some casualties that
were not detected such as a Northern Shrike
(Lanius excubitor) that was seen taking a win-
dow casualty during the final field experiment
(Klem 1981, Klem et al. 2004).

Methods using UV signals to alert birds to
window hazards should have special utility
because they offer visual cues in wavelengths
that birds are known to see but humans do not
(Burkhardt 1982, Bennett and Cuthill 1994,
Vitala et al. 1995, Bennett et al. 1996, Hunt
et al. 1998). The promise of using UV signals
to prevent collisions between birds and win-
dows is especially relevant to architectural
professionals for addressing and eliminating
avian injury and mortality by retrofitting ex-
isting buildings and using new types of glass
and plastic panes in new construction.
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PREFACE: Purpose of the Standards

“The wide variety of native birds that thrive in urban areas under-
scores the importance of these artificial habitats to the survival of 
many bird populations. Creating greenspace in urban environments, 
landscaping with native plants in backyards and parks, adopting 
architecture and lighting systems that reduce collisions, and keeping 
pets indoors will provide the greatest benefit to breeding birds 
and migrants seeking safe places to rest and find food during their 
spectacular journeys.” 

- 2009 State of The Birds Report by the United States Government US Department of Interior

Pigeons and sparrows are readily visible in San Francisco. These 
ubiquitous city birds are not shy about sharing our urban spaces. 
But the casual observer may be shocked to learn that our City’s birds 
are much more diverse. There are about 400 species of birds in 
San Francisco; remarkably, this is nearly half the species in all North 
America (Kay 2009). For those who look, the shyer species are just 
around the corner. This is due in part to the diverse habitats of the Bay 
Area and its position on the coastal migration path, the Pacific Flyway. 
Some birds are well-adapted to urban life, and they may remain here 
as year-round “residents.” Others are migratory, passing through the 
City southward in autumn en route to their winter feeding grounds, 
then returning northward in spring to establish territories in summer 
breeding grounds.

There are special problems posed for birds living in or flying through 
cities. Over 30 years of research has documented that buildings and 
windows are the top killer of wild birds in North America (Banks 1979; 
Ogden 1996; Hager et al. 2008; Klem 2009; Gelb and Delacretaz 2009). 
Structure collision fatalities may account for between 100 million and 
1 billion birds killed annually in North America (United States Fish and 
Wildlife Service 2002; Klem 2009). According to the leading expert, 
Dr. Daniel Klem Jr., this toll strikes indiscriminately culling some of 
the healthiest of the species. “From a population standpoint, it’s a 
bleeding that doesn’t get replaced,” he stated, estimating that between 
one and five percent of the total migratory population die in window 
crashes annually (Klem, 2009). Many of these are endangered or 
threatened species whose populations are already declining due to 
habitat loss, toxin loads, and other severe environmental pressures.

Varied Thrush

Anna’s Hummingbird

Photo by R
obert Lew

is
Photo by R

obert Lew
is



3

STANDARDS FOR  BIRD -SAFE BUILDINGS

Juvenile residents and migrants of all ages — those least 
familiar with the urban setting — face the greatest risk of injury 
or death from the hazards of the city environment. Collision 
hazards include vehicles, bridges, transmission towers, power 
lines, and turbines, but the majority of avian deaths and 
injuries occur from impacts with building components such as 
transparent or reflective glass. Night-time lighting also inter-
feres with avian migrations. Scientists have determined that 
bird mortality caused by collisions with structures is “biologi-
cally significant” for certain species (Longcore et al. 2005). 
In other words, building collisions are a threat of sufficient 
magnitude to affect the viability of bird populations, leading 
to local, regional, and national declines. Night-migrating 
songbirds—already imperiled by habitat loss and other 
environmental stressors—are at double the risk, threatened 
both by illuminated buildings when they fly at night and by 
daytime glass collisions as they seek food and shelter. 

While species that are plentiful may not be threatened by 
structure collisions, many species that are threatened or 
endangered show up on building collision lists (Ogden 1996 
and references therein). 

Strategies that improve the urban design quality or sustain-
ability of the built environment may help to make a more 
bird-safe city. For example, San Francisco has a long-standing 
policy prohibiting installation of mirrored glass, to meet 
aesthetic goals. This policy also benefits birds, which mistake 
reflections for real space and don’t perceive the glass as 
a deadly barrier. The launch of the Golden Gate Audubon 
Society, Pacific Gas and Electric Company, and Department of 
the Environment’s voluntary Lights Out San Francisco program 
in 2008 links smart energy policy with bird preservation 
strategies. 

Occasionally policy goals may conflict, and we must balance 
the benefits and costs of one policy against the other. For 
instance, gains in energy and resource conservation provided 
by wind generators could also have negative environmental 
impacts if installations of those wind farms increase mortality 
among flying animals.

A Red-Tailed Hawk may see its reflection as a territorial 
rival to be driven away, resulting in a collision.

WHAT THIS DOCUMENT DOES

Annual kills at high-risk structures are foresee-
able and avoidable and merit protection (Klem, 
2009). This publication serves as the Planning 
Commission’s policy document for Section 139 
of the Planning Code, “Standards for Bird-Safe 
Buildings.” The controls described within aim 
to identify high-risk features in an urban setting 
and regulate these situations to the best of 
current scientific understanding. In areas where 
the risks are less well known, the Department 
does not propose to apply controls but instead 
recommends project sponsors use the check-
list contained in this document as an educa-
tional tool to increase their understanding of 
potential dangers. Qualifications for achieving 
recognition as a Bird-Safe building are included 
in the document to acknowledge building own-
ers who voluntarily take measures to help keep 
birds safe above and beyond the requirements. 
At this time, the Planning Department also 
urges local researchers to further explore the 
issue and for citizens to get involved in local 
monitoring efforts.

Photo courtesy N
ew

 York Audubon’s “B
ird-Safe G

uidelines”



4 SAN FRANCISCO PLANNING DEPARTMENT V.11.30.2011

Changing Nature of North America and Building Design 

I. The Issue:  
Birds, Buildings, People and Cities

ABOVE: Many historic buildings such as the old Transbay Terminal 
present a solid appearance.

ABOVE: The proposed new Transbay Terminal presents a transparent 
façade with enticing vegetation visible both inside the building and on 
the roof. The façade is currently planned to include fritted glass.

The consequences of our population growth are well-
known: sprawling development across the country 
compounds habitat loss and disrupts vital ecological 
functions. The rate of sprawl in the United States 
almost quadrupled between 1954 and 2000. An area 
of undeveloped land about the size of Connecticut 
is converted to urbanized landscapes annually in the 
United States (U.S. Department of Agriculture 1997). 
This loss of habitat exerts great pressures on our 
wildlife. 

Less well-known to the general public are the effects 
of our specific development forms on wildlife. 
Buildings and birds have coexisted since people first 
sought shelter. Early blocky buildings posed little 
threat to birds as the building elements were quite 
visibly solid. The advent of mass produced sheet 
glass in 1902 greatly increased the potential for trans-
parency. The innovation of steel frame buildings with 
glass curtain walls resulted in transparent high-rise 
buildings.

After the Second World War, these steel and glass 
buildings were widely used and became the iconic 
20th Century American building. Today, planners 
and urban dwellers increasingly demand building 
transparency to achieve street activation and 
pedestrian interest. As glass surface area increases 
so do the number of bird collisions. After World War II 
birdwatchers began documenting major bird-building, 
single-event collisions that resulted in the deaths of 
hundreds of birds. The first recorded event occurred 
on September 10, 1948 when more than 200 birds of 
30 species were killed upon collision with the Empire 
State Building (McAdams 2003). Similar events have 
occurred every decade with notable events killing 
10,000 to 50,000 birds at a strike (Bower 2000). In 
2011, the New York Times reported, that “After 5,000 
red-winged blackbirds fell from the sky in Arkansas 
on New Year’s Eve, many Americans awakened to a 
reality that had not necessarily been on their radar: 
many birds die as a result of collisions with buildings” 
(Kaufman 2011). These single-event strikes are often 
tied to inclement weather, night migration, and brightly 
lit structures. 
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While single-event collisions are dramatic, the bulk 
of bird deaths result from the cumulative effects of a 
lone, confused bird mistaking glass for a safe flight 
path. The lone bird strike occurs over and over with 
conservative estimates calculating that each building 
kills 10 birds per year on average in the United States 
(Klem 1990). Poorly designed buildings kill hundreds 
per year (Hager et al. 2008). Current research finds 
that earlier estimates of up to 1 billion bird deaths 
per year due to building collisions were conservative 
(Klem et al. 2009 and references therein).

New trends in green architecture can either increase 
or decrease the risk for birds. Green design that 
facilitates bird safety includes: the avoidance of light 
pollution, reduced disturbance to natural landscapes 
and biological systems, and lowered energy use. 
Green design can also be hard on birds. Green 
buildings surrounded by lush landscaping may attract 
more birds. Window reflections of adjacent greenery 
lure birds to false trees. Green atria inside buildings 
too may call birds to an inaccessible haven only to 
have their journey harshly interrupted mid-flight. In 
2011, the Chicago Tribune reported that birds were 
crashing into the FBI’s Chicago office, a Platinum 
LEED Building, at a clip of 10 birds a day during 
migration (DeVore 2011). 

Green building design can go hand-in-hand with 
bird-safe design. The Green Building Council rating 
system, LEED, challenges designers to assess 
the impact of building and site development on 

BELOW: The California Academy of Sciences showcases many 
green design features including a green roof set within a lush, green 
landscape that is a natural respite for birds migrating through the city. 
Because its use of glass could also pose a collision risk, researchers 
at the Academy are studying the effects of the building on birds and 
testing various methods of improving bird safety, including the use of 
external screens, as shown on page 29. 

ABOVE: The City’s new bus shelters designed by Lundberg Design 
use a subtle frit pattern to indicate the barrier. This design, called 
“SF Fog,” is effective in alerting both people and birds to the glass. 
INSETS show how the frit pattern is more dense at the bottom and 
dissipates like the City’s fog at the top.

wildlife, and incorporate measures to reduce threats. 
Buildings may be certified as silver, gold, or platinum 
according to the number of credits achieved. A LEED 
a bird-friendly pilot may be developed as early as 
summer 2011, for testing and eventual inclusion 
into the main LEED structure. There is still room for 
improvement. In the future, green design should 
thoroughly consider the impact of design on wild flora 
and fauna.

Photo courtesy of Lundberg D
esign

http://slow
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BIRDS AND GLASS

Glass is everywhere and is one of the least recognized, but most serious, threats to birds; one that is increasing as 
humans continue to build within bird habitats across the planet. Clear glass is invisible to birds and to humans, but 
both can learn to recognize and avoid it. Unfortunately, most birds’ first encounter with glass is fatal. They collide at 
full speed when they try to fly to sky, plants, or other objects seen through glass or reflected on its surface. Death is 
frequently not instantaneous, and may occur as a result of internal hemorrhage days after impact, far away from the 
original collision site, making monitoring the problem even more difficult. The two primary hazards of glass for birds 
are reflectivity and transparency.
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REFLECTIVITY

Viewed from outside 
buildings, transparent 
glass often appears 
highly reflective. 
Almost every type of 
architectural glass 
under the right condi-

tions reflects the sky, clouds, or nearby 
trees and vegetation. Glass which reflects 
the environment presents birds with the 
appearance of safe routes, shelter, and 
possibly food ahead. When birds try to fly 
to the reflected habitat, they hit the glass. 
Reflected vegetation is the most dangerous, 
but birds may also attempt to fly past 
reflected buildings or through reflected 
passageways.

TRANSPARENCY

During daylight hours, 
birds strike transparent 
windows as they 
attempt to access 
potential perches, 
plants, food or water 
sources and other lures 

seen through the glass. “Design traps” such 
as glass “skywalks” joining buildings, glass 
walls around planted atria and windows 
installed perpendicularly on building corners 
are dangerous because birds perceive an 
unobstructed route to the other side. 

TOP: Clouds and neighboring trees reflect in the glass curtain wall of 
Sherrerd Hall on the Princeton campus making it difficult for birds to 
distinguish real from reflection. 

BOTTOM: A Market Street building with a transparent corner may lead 
birds to think the tree is reachable by flying through the glass.

The Basics: Birds and Buildings
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GLAZING CHARACTERISTICS

Reflective and transparent glass 
each present hazards to birds 
(Gelb and Delacretaz 2009).

TOP: Reflections: A bird looking for a perch may mistake the 
reflected tree for an actual tree. 

BOTTOM: Transparent glass can be mistaken for a clear flight 
path.

Photos C
ourtesy N

Y Audubon

REFLECTIVITY

TRANSPARENCY

Image courtesy of Lightsoutindy.org

Image courtesy of Lightsoutindy.org
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TOP: SoMa’s Foundry Square presents a full façade of 
highly reflective glass. While all glass can be reflective, glass 
manufacturers label glass with standards “reflectivity” ratings. 

GLASS RELATIVE TO BUILDING HEIGHT AND MASSING

Typically, as building size increases, so does the amount 
of glass, making larger buildings more of a threat. Lower 
stories of buildings are the most dangerous because 
windows here are at or below canopy height and are more 
likely to reflect trees and other landscape features that 
attract birds. This makes a long, low building more of a 
hazard than a tall one of equal interior square-footage. 
However, as monitoring programs access setbacks and 
roofs of tall buildings, they are finding that birds also 
collide with buildings at the higher floors. This is an area 
where more information is needed.

AMOUNT OF GLASS

Glass causes virtually all bird collisions with buildings. 
It’s logical that as the amount of glazing increases on a 
building the threat also increases. A study in New York 
(Klem et al, 2009) found a 10% increase in the area of 
reflective and transparent glass on a building façade 
correlated with a 19-32% increase in the number of fatal 
collisions, in spring and fall, when visiting migrants are 
present. 

REDUCING KNOWN BIRD TRAPS

ABOVE LEFT: This café on Market Street uses 
a glass wind barrier lined with attractive flowers 
that may entice birds.

ABOVE RIGHT: This glass walkway allows for 
a clear sightline though the passage. Without 
treatment to the glazing, this can create a 
hazards for birds.

Windowed courtyards and open-topped atria can be 
hazardous, especially if they are heavily planted. Birds 
fly down into such places, and then try to leave by flying 
directly towards reflections on the walls. Glass skywalks, 
handrails and building corners where glass walls or 
windows are perpendicular are dangerous because birds 
can see through them to sky or habitat on the other side.

Photo Courtesy NY Audubon
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Exceptional 
Acrobats: Some 
birds such as 
the barn swallow 
pictured here 
can easily fly 
through spaces 
that are more 
narrow. This bird 
is traveling at 35 
mph through a 
2-inch seam.

Hand Print Rule: Small 
birds may try to fly 
through any spaces that 
are about the size of a 
handprint.

http://zuzutop.com/2009/07/a-job-for-superswallow/

CLEAR FLIGHT PATHS

Birds have evolved to fly through tree canopies at 
speed. This ability to navigate tight places is a benefit 
in most natural settings but may be a liability in the built 
environment. Early attempts to ward off bird collisions 
with glass panes included the unsuccessful attempts at 
placing falcon stickers in the middle of each pane. As 
the acrobatic bird below demonstrates and as current 
research has shown, collisions are most effectively 
reduced when flight paths are eliminated by the breaking 
of glass swaths to less than either 4” vertically or 2” 
horizontally (Sheppard 2010).

We don’t know exactly what birds see when they 
look at glass but we do know that the amount of 
glass in a building is the strongest predictor of 
how dangerous it is to birds. Other factors can 
increase or decrease a building’s impact, including 
the density and species composition of local 
bird populations, the type, location and extent of 
landscaping and nearby habitat, prevailing wind 
and weather, and patterns of migration through 
the area. All must be considered when planning 
bird-friendly environments. Commercial buildings 
with large expanses of glass can kill large numbers 
of birds, estimated at 35 million per year in the US 
(Hager et al 2008). With bird kills estimated at 1-10 
per building per year, the large number of buildings 
multiplies out to a national estimate of as much 
as a billion birds per year (Klem et al 2009; Klem 
1990, 2009). As we’ll discuss, certain particularly 
hazardous combinations can result in hundreds of 
deaths per year for a single building.
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BOTTOM A fatal bird-strike leaves behind a print of the bird’s 
plumage as evidence of the force of the impact.
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BIRDS AND LIGHTING

LIGHT

While recent research suggests 
that nighttime collisions may 
be more limited in scope than 
previously thought (Gelb and 

Delacretaz 2009 and references therein), at night 
artificial light degrades the quality of migratory 
corridors and adds new dangers to an already 
perilous journey. These conditions can be exacer-
bated by unfavorable weather and San Francisco 
fog, limiting birds’ ability to see navigational markers 
like the stars and moon. Flood lights on tall buildings 
or intense uplights emit light fields that entrap birds 
reluctant to fly from a lit area into a dark one. This type 
of lighting has resulted in mass mortalities of birds 
(Ogden 1996 and references therein).

Lights disrupt birds’ orientation. Birds may cluster 
around such lights circling upward, increasing the 
likelihood of collisions with the structure or each 
other. Importantly, vital energy stores are consumed 
in nonproductive flight. The combination of fog and 
light doubly affects birds’ navigation and orientation. 
(Ogden 2006)

Besides reducing adverse impacts on migrating birds, 
there are significant economic and human health 
incentives for curbing excessive building illumination. 
In June 2009, the American Medical Association 
declared light pollution a human health threat and 
developed a policy in support of control of light 
pollution. 

Overly-lit buildings waste tremendous amounts of 
electricity, increasing greenhouse gas emissions and 
air pollution levels, and of course, wasting money. 
Researchers estimate that the United States alone 
wastes over one billion dollars in electrical costs 
annually because poorly designed or improperly 
installed outdoor fixtures allow much of the light to go 
up to the sky. “Light pollution” has negative aesthetic 
and cultural impacts. Recent studies estimate that 
over two-thirds of the world’s population can no 
longer see the Milky Way, a source of mystery and 
imagination for star-gazers. Together, the ecological, 
financial, and aesthetic/cultural impacts of excessive 
building lighting serve as compelling motivation to 
reduce and refine light usage (Scriber 2008).

BELOW: Hazards can combine in downtown San Francisco. In 
this photo beacon lighting, light spillage, and fog mix.

Light at night, especially during bad weather, creates 
conditions that are particularly hazardous to night 
migrating birds. Typically flying at heights over 500 
feet, migrants often descend to lower altitudes during 
inclement weather, where they may encounter artificial 
light from buildings. Water vapor in very humid air, 
fog or mist refracts light, greatly increasing the illumi-
nated area around light sources. Birds circle in the 
illuminated zone, appearing disoriented and unwilling 
or unable to leave (Ogden 2006). They are likely to 
succumb to lethal collision or fall to the ground from 
exhaustion, where they are at risk from predators. 
While mass mortalities at very tall illuminated struc-
tures such as skyscrapers have received the most 
attention, mortality is also associated with ground 
level lighting and with inclement weather.
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While we typically think of birds as early 
risers, during migration season many species 
will travel at night. White lights, red lights, 
skyglow, brightly lit buildings and interiors 
can distort normal flight routes (Poot et al. 
2008). The risks vary by species. Songbirds, 
in particular, seem to be guided by light and 
therefore appear more susceptible to colli-
sions with lit structures. Migrant songbirds 
have been documented by multiple sources 
to suffer single night mortalities of hundreds 
of birds at a single location (Ogden 1996 and 
references therein).

LEFT: Beacon Effect: 
Individual structures may be 
lit in a manner that draws 
birds like a moth to a flame. 
Beacon structures can draw 
birds towards land that may 
offer little shelter or food or 
towards collisions with glass. 
Once at the structure, birds 
may be hesitant to leave the 
lit area causing them to circle 
the structure until exhausted. 
(Ogden 1996)

RIGHT: Skyglow can be 
increased during periods 
of inclement weather. 
Current research indicates 
that red lights in particular 
may disrupt geomagnetic 
tracking. Red lights required 
for airline safety would be 
permitted (above image). 
Decorative red lighting, such 
as on the building below 
in New York, would be 
discouraged. Image courtesy Lights Out SF Image courtesy NY Audubon

ABOVE: Lighting and Navigation: Birds migrate by reading light from the 
moon and stars, as well as by geomagnetic signals radiated from earth. 
Cumulative light spillage from cities can create a glow that is bright enough to 
obscure the starlight needed for navigation. 
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LEFT: According to the Golden Gate Audubon Society, 
over 250 species migrate through San Francisco 
Bay, many of them small songbirds such as warblers, 
thrushes, tanagers and sparrows that migrate at 
night and may be more susceptible to collisions with 
structures when descending for feeding and resting 
because of unfamiliar territory and confusing signals 
from the urban environment. Bird photos from left to 
right are Anna’s Hummingbird, Yellow Warbler, and 
Lazuli Bunting.

LEFT: Millions of birds – more than 350 species – follow 
the Pacific Flyway. Of the two primary routes, the Oceanic 
Route passes through the Bay Area. Spring migration 
occurs between February through May, and fall migration 
begins in August and lasts through November. During 
this time, collisions with buildings can increase notably.
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OTHER CAUSES OF COLLISIONS:

LOCATION: MACRO-SETTING 

San Francisco is on the Oceanic Route of 
the Pacific Flyway. During migration, birds 
tend to follow rivers and the coastline. In this 
way migrants funnel southward together in 
the fall and disperse northward in the spring. 

VISITING BIRDS

Migrating birds are unfamiliar with the City 
and may be exhausted from their flight. 
Instances of collisions rise during the 
migratory seasons as birds travel to lower 
elevations to feed, rest, and use light to 
recalibrate their navigation. (Hager et al. 
2008).
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RIGHT: Although located in a park setting, the De Young 
Museum minimizes hazards due to its low amount of 
glazing and perforated copper façade.

http://izismile.com/2009/09/30/beautiful_pictures_of_san_francisco_covered_with_fog_10_pics_1_video.html

LOCATION: MICRO-SETTING 

How a building meets adjacent landscape features 
can be critical in determining the risk to birds. 
Buildings with large windows located adjacent 
to extensive vegetation present great hazards. In 
suburban areas, buildings with these features have 
been documented to kill 30 birds per year (Klem 1990; 
and O’Connell 2001). This combination may be even 
more lethal in urban areas. Studies of Manhattan 
structures with large swaths of glazing adjacent to 
large open spaces have recorded well over 100 
collisions per year (Gelb and Delacretaz 2009).

BUILDING FEATURES

Well-articulated buildings orient people as well as 
birds, directing flow of traffic, creating enticing rest 
areas and adding aesthetic appeal.

WEATHER CONDITIONS 

Inclement weather can obscure 
obstacles and exacerbate 
skyglow conditions (Ogden 
1996 and references therein). 
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Implications for San Francisco

Three decades of researching bird/building colli-
sions has yielded both many answers and posed 
new questions. The high number of North American 
bird deaths and the ecological importance of birds 
demonstrate that the problem exists on a national 
level, but it is natural to wonder if the dense nature 
of San Francisco presents the same compelling 
pressure for a local response. The short answer is 
yes—San Francisco has both an important population 
of birds and a potentially injurious built environment 
for them. As discussed previously, San Francisco is 
both home to many birds and is on a major migratory 
pathway. Locally, there are incidents of celebrated 
birds such, as the Peregrine Falcon, repeatedly 
losing their young due to collisions with downtown 
skyscrapers. With only a few studies currently 
underway in San Francisco and results not yet 

complete, anecdotally, local birders have monitored 
several buildings and have noted significant numbers 
of bird injuries and deaths (Weeden, 2010). San 
Francisco Animal Care and Control staff further 
reported collecting 938 wild birds over a two year 
period from May 2008 through June 2010, noting the 
majority of birds were found during the spring and 
fall migratory periods. The California Academy of 
Sciences in Golden Gate Park is spearheading their 
own research and bird-safe building methods, in a 
proactive effort to avoid bird fatalities at their facility. 
In lieu of large-scale local monitoring programs there 
are a great many studies of dense urban cities that 
we can further draw upon. These studies demonstrate 
that birds respond similarly to certain building and 
environmental features, regardless of geographic 
location.

SPOTLIGHT ON A LOCAL CELEBRITY

The Peregrine Falcon population suffered a huge blow to 
their numbers due to the use of pesticides including DDT 
beginning in the 1950s. In 1970 the California Peregrine 
Falcon population was reduced to only two known breed-
ing pairs. The Santa Cruz Predatory Bird Research Group 
(SCPBRG) participated in the reintroduction of the spe-
cies and has monitored the Peregrine Falcons nesting in 
San Francisco and other sites. 

Natural cliff dwellers, the species adapted to nesting 
in bridges and downtown high-rises. As the popula-
tion increased, Peregrine Falcons were reported in the 
San Francisco financial district and in 1987 a nest box 
was placed near a commonly used perch on the PG&E 
Headquarters Building. In 2003, Peregrine Falcons nested 
in the downtown for the first time and have been a closely 
watched since. SCPBRG trained citizens to participate in a 
group called “Fledge Watch” to increase understanding of 
how young falcons fare in the city. In 2009, 76 people vol-
unteered for 5 hour shifts monitoring the 36-58 day old 
Peregrines from sunrise to sunset in either San Jose or 
San Francisco. The public could also view the falcons from 
the downtown building nest via a webcam.  

According to Glenn Stewart of SCPBRG, “while there have 
been building collision fatalities, the target nest success of 
Peregrine Falcons in San Francisco was 1.5 per nest and 
has been exceeded at 1.6 young fledged per nest.”  

It appears that several weeks after fledging, urban Per-
egrine Falcons recognize glass as a barrier. In the first few 
weeks when the young are learning to fly they are most at 

risk for a collision. In other habitats, falcons face predators 
like eagles, owls, and when on the ground by bobcats, and 
coyotes. Like other birds, Peregrine Falcons see in the ultra 
violet (UV) range.  

The architects and designers of the downtown environment 
did not consider bird building collision as a potential risk. In 
the future when buildings are being designed and upgrad-
ed, the latest information and options should be considered.

- Noreen Weeden, Golden Gate Audubon Society

A native San Franciscan juvenile Peregrine Falcon (deceased 
offspring of “Dapper Dan” and “Diamond Lil”) perched on 
sill near reflective glass. All three fledged young from that 
year (2009) died as a result of building collisions. Two more 
fledglings died from collisions in 2011. 
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LESSONS FROM MAJOR CITIES

Academic researchers and bird-rescue organiza-
tions in Chicago, Toronto, and New York City have 
documented thousands of structure collisions and 
come to some interesting conclusions. 

Perhaps the most established monitoring program 
of bird-building collisions in a dense city is NYC 
Audubon’s Project Safe Flight in Manhattan. Project 
Safe Flight documented over 5,400 collisions between 
1997-2008. A recent study (Gelb, Delacretaz 2009) 
analyzed this data to determine the critical contrib-
uting factors for the structures with the largest number 
of bird fatalities. 

 ´ The study looked at the 10 most deadly collision 
sites and found the combination of open space, 
vegetation, and large windows (greater than 1 
meter x 2 meter) to be more predictive of death 
than building height.

 ´ The frequency of collisions is highest along 
façades that have lush exterior vegetation and 
either reflective or transparent windows.

 ´ The majority of the collisions occurred during the 
daytime and involved migrant species.

 ´ High-rise buildings and night lighting presented 
less risk than windows adjacent to open spaces 
one hectare or greater in size.

 ´ The majority of collisions are likely due to high-
collision sites that feature glass opposite exterior 
vegetation.

 ´ Urban mortalities may be higher than previously 
thought. Non-urban studies estimated that high-
collision sites would have about 30 collisions per 
year. At the Manhattan collision sites examined in 
this study, well over 100 collisions were recorded 
per year.

The most dangerous building in this study was not 
a high-rise, but instead was a 6-story office building 
adjacent to densely vegetated open space.

Studies in Toronto and other eastern and Great Lakes 
cities have documented tens of thousands of bird 
fatalities attributable to building collisions. A 10-year 
study of bird-building collisions in downtown Toronto 
found over 21,000 dead and injured birds in the city’s 

downtown core. A 25-year study by researchers 
from Chicago’s Field Museum of Natural History 
documented a particularly problematic building in 
Chicago (McCormick Place Convention Center) with 
over 30,000 dead birds of 141 species. The lights 
at the McCormick Palace were left on at night until 
2000. Anecdotal reports for this building cited an 
80% decrease in the number of birds killed, by simply 
turning out building lights (Kousky 2004).

Other researchers have agreed that lights can cause a 
significant problem, but that turning off lights isn’t the 
only answer (Shephard, Klem 2011). As shown in the 
Manhattan study of ten buildings, daytime collisions 
were higher and occurred in areas with vegetation 
opposite glass. Toronto’s approach to tackle this 
dual issue was to provide mandatory construction 
standards for daytime, while continuing to increase 
participation in their Lights Out program at night.

ABOVE: The windows 
of Morgan Mail 
Building in Manhattan 
are adjacent to green 
landscaped open 
spaces, making it the 
most dangerous for 
birds in a recent study. 

RIGHT: Morgan Mail 
Building causality.

Morgan Mail Bldg
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 Spotlight on San Francisco’s Migrant Birds
Diurnal migrants: Daytime 
migrants include raptors, which 
take advantage of air currents to 
reduce the energy needed for flight. 
Other diurnal migrants, including 
shorebirds and water-birds, often 
fly in flocks and their stopover sites 
are less dispersed because of their 
dependence on bodies of water. 
This means that daytime migration 
routes often follow land forms such 
as rivers and mountain ranges, and 

birds tend to be concentrated along these routes or ‘flyways’. 
Not all songbirds migrate at night—species such as robins, 
larks, kingbirds and others migrate during the day. Birds’ 
daytime flight altitudes are generally lower than their nighttime 
counterparts.

Millions of birds, especially songbirds, are thus at risk, as they 
ascend and descend, flying through or stopping at or near 
populated areas. As city buildings grow in height, they become 
unseen obstacles by night and pose confusing reflections by 
day. Nocturnal migrants, after landing, make short, low flights 
near dawn, searching for feeding areas and running a gauntlet 
of glass in almost every habitat: in cities, suburbs and, increas-
ingly, exurbs. When weather conditions cause night flyers to 
descend into the range of lighted structures, huge kills can oc-
cur around tall buildings. Urban sprawl is creating large areas 
lit all night that may be causing less obvious, more dispersed 
bird mortality.

- Christine Sheppard, American Bird Conservancy

Bird collisions with buildings occur year-round, but peak 
during the migration period in spring and especially in fall 
when millions of birds travel between breeding and winter-
ing grounds. Migration is a complex phenomenon, and 
different species face different levels of hazards, depending 
on their migration strategy, immediate weather conditions, 
availability of food, and anthropogenic obstacles encoun-
tered en route.

Nocturnal migrants: Many 
songbirds migrate at night, 
possibly to take advantage of 
cooler temperatures and less 
turbulent air, and because they 
need daylight to hunt insects 
for food. Generally, these birds 
migrate individually, not in 
flocks, flying spread out across 

most of their range. Migrants depart shortly after sundown. 
The number of birds in flight peaks before midnight, then 
drops. Songbirds may fly as many as 200 miles in a night, 
then stop to rest and feed for one to three days, but these 
patterns are strongly impacted by weather, especially wind 
and temperature. Birds may delay departure, waiting for 
good weather. They generally fly at an altitude of about 
2,000 feet, but may descend or curtail flight altogether if 
they encounter a cold front, rain, or fog. There can be a 
thousand-fold difference in the number of birds aloft from 
one night to the next. Concentrations of birds may develop 
in ‘staging areas’ where birds prepare to cross large barriers 
such as the Great Lakes or Gulf of Mexico.

THE IMPORTANCE OF MACRO-LOCATION (ON MIGRATION PATH) VS. MICRO-LOCATION (WITHIN A 
PARK-LIKE SETTING) AS A RISK FACTOR

By flying at night, migrants like the Orange-Crowned Warbler (NEAR RIGHT) and 
Western Tanager (ABOVE LEFT) minimize predation, and avoid overheating that could 
result from the energy expended to fly such long distances. This also enables them to 
feed during the day and refuel for the night.

Daytime migrants like this Cooper’s Hawk (FAR RIGHT) and the Sharp-shinned Hawk 
(ABOVE RIGHT) depend on the heating earth for added lift. Riding rising air currents 
called thermals, these birds take advantage of this lift to rise to the top of one thermal, 
set their wings in the direction they want to travel and then coast to the next thermal. 

Photos by Eddie B
artley

Photo by Eddie B
artley

Photo by N
oreen W

eeden

A study of collisions at suburban office 
parks in Virginia found a large mortality 
rate for migrant birds even though the 
office parks were not on a migratory 
route—suggesting that the combination 
of mirrored windows and vegetation 
was more of a collision risk to visiting 
birds (O’Connell 2001). This study 
also suggests that the location of the 
building relative to the flyway may be less 
important than other risk factors such 
as building design and siting relative to 
plantings and open space.
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 Spotlight on Building Height and Bird Migration

60’

300’

500’

1000’

1600’

2000’

Upper Levels:
NOCTURNAL MIGRANTS AND 
FLEDGLING RAPTORS

While birds’ migratory paths vary 
and with some birds traveling more 
than 10,000’ high, radar tracking has 
determined that approximately 98% 
of flying vertebrates (birds and bats) 
migrate at heights below 1,640 feet 
during the spring, with 75% flying 
below that level in the fall. Today, 
many of the tallest buildings in the 
world reach or come close to the 
upper limits of bird migration. Storms 
or fog, which cause migrants to fly 
lower and can cause disorientation, 
can put countless birds at risk during 
a single evening. 

Mid-Levels:
PRIMARY MIGRATION ZONE FOR 
SMALL BIRDS

This is the primary migration height for 
small birds. Migrating birds descend from 
migration heights in the early morning to 
rest and forage for food in tree canopies 
and on the ground. Migrants also frequent-
ly fly short distances at lower elevations 
in the early morning to correct the path of 
their migration.

Bird Building Collision Zone: 
INCREASED COLLISIONS FOR LOCAL BIRDS AND MIGRANTS 
SEARCHING FOR FOOD AND SHELTER

The most hazardous areas of all buildings, especially during the day 
and regardless of overall height, are the ground level and bottom 
few stories. Here, birds are most likely to fly into glazed façades that 
reflect surrounding vegetation, sky, and other attractive features. 
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II. Bird-Safe Treatments

A Survey of Treatments from Easy to Innovative

RIGHT: The south façade sports perforated steel panels that filter 
sunlight and serve as thermal buffers but also may convince birds 
that the structure is solid.

BOTTOM: San Francisco’s Federal Building’s north façade boasts 
floor-to-ceiling glass buffered behind a grid of metal catwalks and 
opaque glass fins. 

Bird-safe design options are limited only by the 
imagination. Safe buildings may have large expanses 
of glass but use screens, latticework, grilles and other 
devices, both functional and decorative, outside the 
glass or integrated into the glass. There are treat-
ments for existing glass that will reduce mortality to 
zero. These treatments do provide a view from inside, 
though often presenting a level of opacity from the 
outside, a factor that can deter application of these 
solutions. Glass treatments that can eliminate or 
greatly reduce bird mortality, while only minimally 
obscuring the glass itself, are therefore highly 
desirable and encourage more ‘bird-friendly’ design. 

Photos by Kurt Rodgers, SF Chronicle 
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/2007/02/25/MNG2DOATDN1.DTL

Effective bird-safe building treatments exist and 
have been employed on buildings of significant 
architectural stature. San Francisco has a local 
example of such treatments that has been recognized 
nationally. The new Federal Building is cited as 
an example of bird-safe building design in United 
States Representative Mike Quigley’s (D-IL) pending 
bill,“Federal Bird-Safe Buildings Act of 2011” (House 
Bill No. 1643). This bill, if adopted, would require 
federal buildings to incorporate bird-safe design 
principals. 
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GLASS AND FAÇADE TREATMENTS

Reduction of bird strikes with new buildings can be achieved with simple and cost-effective means. Creating a visual 
signal, or “visual noise barrier,” that alerts the birds to the presence of glass objects can be achieved with relatively 
little additional cost. Fritting, the placement of ceramic lines or dots on glass, is one method of creating a visual 
noise barrier. People inside the building see through the pattern, which has little effect on the human-perceived 
transparency of the window. Fritting can also reduce air conditioning loads by lowering heat gain, while still allowing 
enough light transmission for day-lighting interior spaces. There is now a commercially available insulated glass with 
ultra-violet patterns that are designed to deter birds while largely being imperceptible to humans.

FRITTED AND FROSTED GLASS

Ceramic dots, or frits, are applied between layers of 
insulated glass to reduce transmission of light. These 
can be applied in different colors and patterns and 
can commonly be seen on commercial buildings. 
At Swarthmore College, external, densely fritted 
glass was incorporated into the design of the Unified 
Science Center. Virtually no strikes have been 
reported at either site. Fritting is a commonly-used 
and inexpensive solution that is most successful when 
the frits are applied on the outside surface.

LEFT: Swarthmore College 
uses fritting on a large 
expanse of glass facing an 
open space.

RIGHT: The Minnesota 
Central Library’s atrium 
features angled glass, 
a dramatic architectural 
feature that reduces 
reflections of habitat and 
sky from most angles. The 
likelihood of fatal collisions 
at this angle is lessened.

ANGLED GLASS

While angled glass may be a useful strategy for 
smaller panes, it is generally not effective for large 
buildings. Birds approach glass from many angles, 
and can see glass from many perspectives. Generally, 
the desired angle for effective treatment is 20-40 
degrees. These angles are difficult to maintain for 
large buildings, however, this strategy may work in 
low-scaled buildings with a limited amount of glass 
(Ogden 1996 and references therein; and Klem et al. 
2004).

Minnesota Bird-Safe Building Guidelines Minnesota Bird-Safe Building Guidelines
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http://www.nytimes.com/2010/08/29/business/29novel.html?ref=anne_eisenberg

ULTRA-VIOLET GLASS

The Bronx Zoo uses glass that reflects UV 
light—primarily visible to birds, but not to 
people (Klem 2009). This glass may be 
about 50% more expensive than typical 
glass but is comparable to energy-efficient 
glass (Eisenberg 2010). 

TOP RIGHT: The Bronx Zoo from the NYTimes.

FILM AND ART TREATMENT OF GLASS

Windows may be used as canvases to 
express building use through film and art. In 
certain instances, windows made bird-safe 
through an application of art may receive 
funding through San Francisco’s One 
Percent for Public Art Program. 

SECOND RIGHT: IIT Student Center, Chicago.

EXTERNAL SCREENS

External screens are both inexpensive 
and effective. Screens can be added to 
individual windows for small-scale projects 
or can become a façade element of larger 
developments. This time-tested approach 
precludes collisions without completely 
obscuring vision. Before non-operable 
windows, screens were more prevalent. At 
the other end of the spectrum are solutions 
that wrap entire structures with lightweight 
netting or screens. To be effective, the 
netting must be several inches in front of 
the window, so birds don’t hit the glass after 
hitting the net.

THIRD RIGHT: The Matarozzi/Pelsinger Building in San 
Francisco is a LEED Gold building designed by Aidlin-
Darling. It has screens over the majority of its façade 
that protect birds from impact and allow views out for 
users of the building (left nighttime/right daytime)

ARCHITECTURAL FEATURES

Overhangs, louvers, and awnings can 
block the view of the glass from birds 
located above the feature but do not 
eliminate reflections. This approach should 
be combined with window treatments to 
achieve results.

BOTTOM RIGHT: The award winning Aqua Tower, 
Chicago, uses overhangs and other features that 
provide bird-safe design as well as energy efficiency.

NY Bird-Safe Design Guidelines

Steve Hall/Studio Gang

Minnesota Bird-Safe Building Guidelines
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NETTING

Netting has proven to be a versatile and effective 
option for bird-safe window treatment. Netting is 
stretched several inches over windows or entry ways 
to prevent birds from hitting the glass. Specifically 
designed netting is almost completely invisible and 
does not require invasive installation techniques. It 
can be used for new buildings, retrofits to existing 
buildings, replacement glass façades, and for 
preserving original features of historic buildings. 

During the spring and fall migrations, agency staff 
at the FBI building in Chicago discovered at least 10 
birds a day crashing into windows outside of their 
first floor, plant filled indoor atrium. Seasonal netting 
was installed and bird collision monitors noted a 
substantial reduction in bird strikes, without compro-
mising the look of the building or the ability to see into 
or out of the lobby (DeVore 2011). 

Netting has also been used successfully to treat 
historic buildings, where it’s critical to maintain the 
original character of the building. Prestigious historic 
preservation awards have been earned for netting 
work on famous buildings such as the American 
Museum of Natural History and the US Department 
of Justice. Other historically significant structures 
with netting include New York Metropolitan Opera, 
Independence Hall, and even Alcatraz Prison. 

TOP RIGHT: Special agent Julia 
Meredith discovered so many dead 
and injured birds on the ground outside 
the Chicago offices of the FBI that she 
lobbied to have special bird-friendly 
netting installed on the building’s first 
floor windows. She estimates that 
the nets have reduced the number of 
birds crashing into the windows by 90 
percent.

CENTER RIGHT: A close-up view of the 
New York Public Library barely shows 
the marble toned and clear netting over 
the building.

BOTTOM RIGHT: The netting placed 
over the windows at the New York Public 
Library is virtually invisible and helps 
prevent both bird strikes and building 
deterioration from pest species. 

Heather Charles, Chicago Tribune

Photo Courtesy of Birdmasters, Inc.

Photo Courtesy of Birdmasters, Inc.
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WIND GENERATORS

San Francisco has a policy to encourage the 
installation of on-site, renewable energy systems, 
such as small wind generators. Currently, 
there are two general types of wind generators 
available. One uses scoops or blades to spin on a 
vertical axis, shown at far left below. It is probable 
that birds would perceive this type as a solid 
barrier even when it’s rotating.

The second design uses a propeller-like rotor to 
spin on a horizontal axis. This is a small-scale 
version of the most common generator used on 
large-scale wind farms throughout the world.

While it is unreasonable to believe that these small 
urban systems would cause the annihilation of 
birds such as the well-known disaster at Altamont, 
California (see discussion on adjacent page) 
a certain amount of caution is prudent in the 
absence of established scientific research. The 
Planning Department has exercised that caution 
by allowing a more widespread installation of 
vertical axis machines, and limiting locations of 
horizontal axis, open-bladed generators to areas 
that would seem to be less densely populated by 
birds, especially migrants and juveniles. 

The only clear way at present to learn whether 
small urban wind generators will harm birds is to 
allow the installation of a few, and to monitor the 
interactions with animals, if any. For this reason, 
all approvals for wind generators have conditions 
that require monitoring and reporting of bird 
and bat strikes. These reporting protocols are 
in accord with recommendations made by the 
Mayor’s Task Force on Urban Wind.

As of June 2011, none of the approved windmills 
have submitted monitoring information to the 
Planning Department.

ABOVE: Vertical axis wind generators may vary in appearance. 
Blades that present a solid appearance (such as the left image) are 
encouraged.

LEFT: Horizontal axis 
and vertical access 
wind generators that 
do not present a 
solid appearance are 
discouraged, especially 
adjacent to water or 
open space larger than 
2 acres. 
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Spotlight on the Altamont Windmills

Golden Eagles, named for the golden feathering at the 
nape of their necks, are majestic raptors that can be found 
throughout most of California and much of the northern 
hemisphere. California protects these magnificent raptors 
as both a species of special concern and a fully protected 
species, making it illegal to harm or kill them. Golden Eagles 
are protected under the Bald and Golden Eagle Protection 
Act. Golden Eagle are also protected under the Federal 
Migratory Bird Treaty Act, which forbids the killing (even 
unintentional killing) of any migratory bird.

Golden Eagles typically prefer open terrain, such as the roll-
ing hills of eastern Alameda County. The open grasslands, 
scattered oaks, and bountiful prey make this area ideal habi-
tat for Golden Eagles. Today, it supports the highest-known 
density of Golden Eagle nesting territories in the world.

Conservation Issues
Every year, an estimated 75 to 110 Golden Eagles are killed 
by the wind turbines in the Altamont Pass Wind Resource 
Area (APWRA). Some lose their wings, others are decapi-
tated, and still others are cut in half. The lethal turbines have 
been reduced from 6,000 to less than 5,000 which are still 
arrayed across 50,000 acres of rolling hills in northeastern 
Alameda and southeastern Contra Costa counties. The 
APWRA, built in the 1980s, was one of the first wind energy 
sites in the U.S. At the time, no one knew how deadly the 
turbines could be for birds. Few would now deny, however, 
that Altamont Pass is probably the worst site ever chosen for 
a wind energy project. According to a 2004 California En-
ergy Commission (CEC) report, as many as 380 Burrowing 
Owls (also a state-designated species of special concern), 
300 Red-tailed Hawks, and 333 American Kestrels are killed 
every year. The most recent study by Dr. Shawn Smallwood, 
a member of the Altamont Scientific Review Committee es-
timates that approximately 7,600-9,300 birds are killed here 
each year. (Smallwood 2010) 

In 2004, Golden Gate Audubon joined four other Bay Area 
Audubon chapters (Marin Audubon, Santa Clara Valley 
Audubon, Mt. Diablo Audubon, and Ohlone Audubon) and 
Center for Biological Diversity and Californians for Renew-
able Energy (CARE) in challenging the renewal permits for 
this facility. The Audubon/CARE CEQA lawsuit settled, with 
terms requiring the wind companies to reduce avian mortal-
ity by 50% within three years and to complete a comprehen-
sive conservation plan to govern operations in the Altamont. 

Reducing the kill entirely may not be possible as long as 
the wind turbines continue to operate at Altamont. However, 
significant progress can be made. The CEC estimates that 
wind operators could reduce bird deaths by as much as 50 
percent within three years–the goal stated in the settlement 
agreement–and by up to 85 percent within six years–all 
without reducing energy output significantly at APWRA. 
These reductions could be achieved by removing turbines 
that are the most deadly to birds and shutting down the 
turbines during four winter months when winds are the least 
productive for wind energy, combined with some additional 
measures. Anecdotal data indicate there may not be a 
substantial improvement for Golden Eagles and there may 
actually be much higher mortality for bats.

Golden Gate Audubon is working with Alameda County to 
ensure that the permits granted to the wind industry achieve 
reductions in bird mortality, in addition to other require-
ments that will help address the unacceptable bird kills at 
Altamont Pass over the long term. Pursuit of clean energy 
technology, when done correctly, can help reduce the risk 
of global warming and its impacts on wildlife.

Written by the Golden Gate Audubon Society.

Golden Eagle photo by Eddie Bartley.
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LIGHTING TREATMENTS

While the ultimate cause of collisions are invisible 
surfaces, light pollution can increase risk. Night 
migrants depend on starlight for navigation, and 
brightly-lit buildings can draw them off course. Once 
within the aura of bright lights, they can become 
disoriented, and may collide with buildings, or may 
fly in circles around the light source, until they drop to 
the ground from exhaustion, having expended their 
limited energy reserves needed to complete their 
migration. Architects and building owners should 
collaborate to address the two key lighting issues: 
design and operation. 

Eliminating unnecessary lighting is one of the easiest 
ways to reduce bird collisions, with the added 
advantage of saving energy and expense. As much 
as possible, lights should be controlled by motion 

REDUCE: UNNECESSARY EXTERIOR LIGHTREDUCE: UNNECESSARY INTERIOR LIGHT
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sensors. Building operations can be managed to 
eliminate or reduce night lighting from activities near 
windows. Minimize perimeter and vanity lighting 
and consider filters or special bulbs to reduce red 
wavelengths where lighting is necessary. Strobe 
lighting is preferable to steady burning lights. Exterior 
light fixtures should be designed to minimize light 
escaping upwards. Motion detectors are thought to 
provide better security than steady burning lights, 
because lights turning on provide a signal, and 
because steady lights create predictable shadows.
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LIGHTING DESIGN

The built environment should be designed to minimize light 
pollution including: light trespass, over-illumination, glare, light 
clutter, and skyglow while using bird-friendly lighting colors 
when possible (Poot et al. 2008).

 ´ Avoid uplighting

 ´ Avoid light spillage

 ´ Use green and blue lights when possible

LIGHTING OPERATIONS

Unneeded interior and exterior lighting should be turned off 
from dusk to dawn during migrations: February 15 through 
May 31 and August 15 through November 30. Rooms where 
interior lighting is used at night should have window coverings 
that adequately block light transmission, and motion sensors 
or controls to extinguish lights in unoccupied spaces. Event 
searchlights are strongly discouraged during these times.

Several cities, including San Francisco, have launched 
citywide efforts to reduce unneeded lighting during migration. 
In addition to saving birds, these “Lights Out” programs save 
a considerable amount of energy and reduce pollution by 
reducing carbon dioxide emissions. The savings for a building 
can be significant. One participating municipal building in the 
Toronto Lights Out program reported annual energy reductions 
worth more than $200,000 in 2006.

Lights Out requires that building owners, managers, and 
tenants work together to ensure that all unnecessary lighting 
is turned off during Lights Out dates and times (during spring 
and fall migration February 15th through May 31st and August 
15th through November 30th). Best practices for lighting 
include turning off unnecessary lights after dusk and leaving 
the lights off until dawn. If inside lights are needed, window 
coverings such as blinds or drapes should be closed.

LEFT: The white streaks are the time-exposed paths of birds attracted to, 
dazed by, and circling within the columns of light. Many succumbed to 
exhaustion and perished without completing their migration. Lights Out 
policies do not allow the use of searchlights during the Spring and Autumn 
migration periods for this reason.
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When discussing human-caused threats to birds, 
the US Fish and Wildlife Service reports “that 
the incidental, accidental or unintentional take of 
migratory birds is not permitted by the Service and 
is a criminal violation of the Migratory Bird Treaty 
Act” but that the Service first attempts to work with 
industries and individuals who unintentionally cause 
bird death before pursuing criminal prosecution (US 
Fish and Wildlife Service 2002). 

Several major cities are addressing the issue through 
local legislation. 

 ´ Chicago: In July of 2008, Cook County, Illinois, 
which includes Chicago, passed an ordinance 
requiring that all new buildings and major renova-
tions incorporate design elements to reduce the 
likelihood of bird collisions. This ordinance estab-
lished Chicago as the first major jurisdiction with a 
requirement for bird-safe elements. Other nearby 
local jurisdictions, such as Highland Park, are 
also following suit with new bird-safe architecture 
requirements.

 ´ Toronto: This effort has evolved from voluntary 
ratings and incentive program to bird-friendly 
construction guidelines that became mandatory 
at the beginning of 2010. The bird-friendly guide-
lines were integrated into Toronto’s local Green 
Development Standard, required for nearly all 
new construction. In addition, the City of Toronto 
offers an acknowledgement program that offers 
incentives to developers and building owners 
and managers who implement the Bird-Friendly 
Development Guidelines. Once a development 
has been verified by City staff as “bird-friendly”, 
the City provides the owner with an original print 
by a local artist and the building may be marketed 
as “bird-friendly.” A bird-friendly designation could 
give these buildings a competitive advantage 
by identifying these features to an increasingly 
environmentally concerned and aware market-
place. Toronto also has had great success with 

their Lights Out program which has been in effect 
since 2006. (See images on page 36.)

 ´ Minnesota: As of 2009, the State of Minnesota 
requires that all state owned and leased buildings 
turn off their lights at night during migration. As of 
June, 2011, bird-safe building criteria are being 
developed for incorporation into the State of 
Minnesota Sustainable Building Guidelines. 

 ´ Michigan: Since 2006, the governor of Michigan 
has issued an annual proclamation, declaring 
“Safe Passage” dates during spring and fall 
migration, when buildings managers are asked to 
turn off lights at night. 

 ´ Nationally: In April 2011, Congressman Mike 
Quigley introduced a bill (H.R. 1643) into the U.S. 
Congress that, if passed, would mandate bird-
friendly construction practices for federal buildings. 
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III. Bird-Safe Requirements and 
Guidelines Across North America
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The following bird-safe measures apply in San Francisco.

Structure and/or siting characteristics that present the 
greatest risk to birds are called “bird-hazards” and include:

IV. San Francisco’s Bird-Safe 
Requirements
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It is clear from studies 
done throughout the 
U.S. and Canada 
that certain building 
and landscape 
configurations can be 
especially dangerous 
to birds. These sites 
present heightened 
risks for collisions and 
necessitate require-
ments, which are 
included in Section 
139 of the Planning 
Code, Standards for 
Bird-Safe Buildings. 

1
2

Location-related hazards

Building feature-related 
hazards
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300’

60’

1 Requirements for  
Location-Related Hazards

What is a “location-related” hazard?

Location-Related Hazard: Buildings located inside of, or within a clear flight path of less than 300 feet 
from an Urban Bird Refuge (defined below) require treatment when:

 �  New buildings are constructed;

 �  Additions are made to existing buildings (Note: only the new construction will require treatment); 
or

 �  Existing buildings replace 50% or more of the glazing within the “bird collision zone” on the 
façade(s) facing the Urban Bird Refuge.

Urban Bird Refuge: Open spaces 2 acres or 
larger dominated by vegetation, including 
vegetated landscaping, forest, meadows, 
grassland, water features or wetlands (line 5 
on page 39); open water (line 6 on page 39); 
and green rooftops 2 acres or greater (line 7 
page 39).

Bird Collision 
Zone: The portion 
of buildings most 
likely to sustain 
bird strikes. This 
area begins at 
grade and extends 
upwards for 60 
feet. This zone also 
applies to glass 
façades directly 
adjacent to large 
landscaped roofs 
(two acres or larger) 
and extending 
upward 60 feet 
from the level of the 
subject roof. 
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ABOVE: The California Academy of Sciences uses external screens 
24 hours per day during spring and fall migration to reduce bird/
building collisions.

What requirements apply to a “location-related” hazard?

Treatment of Location-Related Hazards. Buildings located inside of or within a clear flight path from an Urban 
Bird Refuge shall implement the following applicable treatments for façades facing an Urban Bird Refuge.

 � Façade Treatments: Bird-Safe Glazing Treatment is required such that the Bird Collision Zone consists 
of no more than 10% untreated glazing. Building owners are encouraged to concentrate permitted trans-
parent glazing on the ground floor and lobby entrances to enhance visual interest for pedestrians. 

 � Lighting Design: Minimal lighting shall be used. Lighting shall be shielded. No uplighting shall be used. 
No event searchlights should be permitted for the property. 

 � Wind Generators: Sites should avoid horizontal access windmills or vertical access wind generators that 
do not appear solid.*

* The Planning Commission adopted a policy that would prohibit nonsolid or horizontal-axis wind generators via Resolution No. 
18383. However, Ordinance No. 199-11, as adopted by the Board of Supervisors, does not expressly prohibit specific types of wind 
generators. Instead, the Planning Code requires that proposals for wind generation undergo individual project review to evaluate 
their specific risk to birds. 
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2
What is a “feature-related” hazard?
 
Building Feature-Related Hazard: Certain potential bird traps are hazardous enough 
to necessitate treatment, regardless of building location. A building-specific hazard is 
a feature that creates hazards for birds in flight unrelated to the location of the building. 
Building feature-related hazards include free- standing clear glass walls, skywalks, 
greenhouses on rooftops, and balconies that have unbroken glazed segments 24 square 
feet and larger in size. (See citywide bird-safe checklist, lines 19-22 on page 39). These 
features require treatment when:

 � New buildings are constructed;

 � Additions are made to existing buildings (Note: only the new construction will 
require treatment).

LEFT: These windows 
are an example of a 
feature-related hazard.

Requirements for  
Feature-Related Hazards
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What requirements apply to a “featured-related” hazard?
 
Treatment of Feature-Related Hazards - Regardless of whether the site is located inside or 
adjacent to an Urban Bird Refuge, 100% of building feature-related hazards shall be treated.

LEFT: A transparent glass 
skywalk poses a “feature-
related” hazard.

LEFT: This skywalk was intentionally treated with fritting by the 
Indiana Museum to avoid creating a “feature-related” hazard.

Image courtesy of Lightsoutindy.org

Images courtesy of Lightsoutindy.org

RIGHT: The fritting maintains 
transparency for pedestrians.
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The Details: Exceptions and 
Specifications

Exceptions: Certain exceptions apply to the afore-
mentioned controls.

1) Treatment of Historic Buildings. Treatment of 
replacement glass façades for structures designated 
as City landmarks or within landmark districts 
pursuant to Article 10 of the Planning Code, or 
any building Category I-IV or Category V within a 
Conservation District pursuant to Article 11 of the 
Planning Code, shall conform to Secretary of Interior 
Standards for Rehabilitation of Historic Properties. 
Reversible treatment methods such as netting, 
glass films, grates, and screens are recommended. 
Netting or any other method demonstrated to protect 
historic buildings from pest species that meets the 
Specifications for Bird-Safe Glazing Treatment stated 
above may also be used to fulfill the requirement.

2) Exceptions for Treatment of Location-Related 
Hazards for Residential Buildings within R-Zoned 
Districts.

 ´ Limited Glass Façade: Residential buildings less 
than 45 feet in height within R-Districts that have 
an exposed façade comprised of less than 50% 
glass are exempt from new or replacement glazing 
treatments, but must comply with feature-related 
and wind generation requirements below.

 ´ Substantial Glass Façade: Residential buildings 
within R-Districts that are less than 45 feet in height 
but have a façade with a surface area of more than 
50% glass, must provide glazing treatments for 
location-related hazards such that 95% of all large, 
unbroken glazed segments that are 24 square feet 
and larger in size are treated.

3) Other Waivers or Modifications by the Zoning 
Administrator. The Zoning Administrator may either 
waive requirements for Location-Related Hazards or 
Feature-Related Hazards or modify the requirements 
to allow equivalent Bird-Safe Glazing Treatments 
based upon the recommendation of a qualified 
biologist.

A New York volunteer examining a window casualty.
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Glazing Treatment Specifications: Bird-safe glazing 
treatment may include fritting, netting, permanent 
stencils, frosted glass, exterior screens, physical grids 
placed on the exterior of glazing or UV patterns visible 
to birds. To qualify as Bird-Safe Glazing Treatment, 
vertical elements of the window patterns should be at 
least 1/4 inch wide at a maximum spacing of 4 inches, 
or have horizontal elements at least 1/8 inch wide at a 
maximum spacing of 2 inches (Klem 2009.) 
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V. Recommended Actions and  
 Bird-Safe Stewardship

Photo courtesy Jessica Weinberg. http://www.jessicaweinberg.com/ 

Public Education and Outreach 
Partnerships

The Planning Department will partner with the Golden 
Gate Audubon Society to conduct outreach on 
bird-safe building practices. Staff will work collabora-
tively to increase awareness of bird/building issues, 
and disseminate educational materials on design and 
treatment options. A public education effort will proac-
tively increase awareness of the issues and strive to 
make bird safety practices a part of the construction 
lexicon within this highly urbanized area. Developers, 
architects, planners, property owners, businesses, 
city residents and youth groups are encouraged 
to contact the Department about educational 
programs. Curriculum will include education about the 
standards for bird-safe buildings and exploring citizen 
involvement of monitoring bird/building collisions as 
well as general advocacy for bird conservation.

Building Owner Bird-Safe Stewardship 

Owners of new buildings and buildings proposing 
major renovations with a façade of greater than 
50% glass are encouraged to evaluate their building 
against the Bird-Safe Building Checklist (pages 
38-39) and provide future tenants with a copy of 
this document. Although requirements only apply 
to the most hazardous conditions, building owners 
and architects can become more aware of potential 
hazards and treatments. With the support of building 
owners who help educate future tenants, the people 
of San Francisco would become better educated 
about ways to enhance bird safety.

Building owners can help make their buildings 
safer by evaluating the risks of their buildings and 
retrofitting buildings with known hazards. Engaging 
in conservation measures outlined in this guide and 
granting access to collision monitoring groups help to 
address the issue and increase our understanding. 

Encouraged Treatments 

The following treatments are encouraged to enhance 
bird safety, in addition to meeting requirements:

 ´ Expanding treatment outside of the Bird Collision 
Zone: bird-safe treatments on building façades 
above the minimum height requirements.

 ´ Other window treatments: latticework, grilles and 
other devices, both functional and decorative, 
outside the glass or integrated into the glass 
spacing requirements; 

 ´ Placement of trees or tall shrubs: should be 
located directly adjacent to glazing (with 3 feet) 
to slow birds down on approach, or placed far 
enough away to avoid reflecting canopies in the 
glazing.
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Greater Scaup

Western Sandpiper
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obert Lew
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Building Tenant Education

Some of the most effective treatments for making 
buildings bird-safe are those that require the 
cooperation of building owners and tenants. 
For this reason, the City should continue to use 
and should expand a “carrot”-based system to 
widely encourage participation in bird-safe efforts. 
San Francisco’s existing Lights Out for Birds 
Program seeks to educate residents and provide 
recognition of voluntary bird-safe measures. Since 
2008, the City has urged building owners and 
managers to turn off unnecessary interior and 
exterior lights. Twenty-two of the City’s forty-four 
tallest buildings have been asked to participate.

To raise bird-awareness of building occupants, 
building owners may supply tenants with copies 
of this booklet. Building occupants can help make 
buildings bird-safe through the following good 
practices:

 ´ Interior plants should be moved so as not to be 
visible from the outside.

 ´ Consider limiting nighttime building use by 
combining motion operated light sensor with 
daytime cleaning services. This combination 
will reduce light pollution and increase energy 
conservation.

 ´ Where interior lighting is used at night, window 
coverings should be closed to block light 
transmission adequately.

 ´ Consider seasonal migration needs. Unneeded 
interior and exterior lighting should be turned 
off from dusk to dawn from February 15 
through May 31 AND August 15 through 
November 30. 
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A 2008 San Francisco pilot study discovered 
a Green Heron in the Downtown area. Further 
monitoring may reveal other unexpected 
neotropical migrants passing through the City’s 
dense core.

Photo by Eddie B
artley

Bird/Building Collision Monitoring

Project Safe Flight in Manhattan has collected and 
documented over 4,000 dead and injured birds since 
1997. In 2009 the Chicago Bird Collision monitors 
recovered more than 6,000 dead or injured migratory 
birds from more than 100 different species. In Toronto, 
Fatal Light Awareness Program (FLAP) volunteers patrol 
Toronto’s downtown core in the early morning hours 
rescuing live birds and collecting the dead ones since 
1993. In the summer of 2010, the Oregon Zoo funded a 
six-week sunrise study of Portland’s newest and tallest 
buildings where volunteers collected dead and injured 
birds. Audubon Minnesota has collected over 3000 birds 
of 110 species from monitoring efforts between 2007-2011.

Aside from regular collection of injured or dead migratory 
birds throughout the City by San Francisco Animal Care 
and Control staff and bird group volunteers, the only 
large bird/building monitoring program currently being 
conducted by the California Academy of Sciences, read 
more on page 14 (Flannery 2011). Additional regular 
monitoring of the hazard in San Francisco is needed to 
help in the evaluation of local conditions and refinement 
of appropriate controls. Collaborations between building 
owners and bird-research groups should be encouraged 
to help increase our understanding of San Francisco’s 
unique conditions. With the publication of this document, 
the City calls for more local research to help achieve 
the goal of better characterizing the problem on a local 
level, as well as for testing of new bird-safe technologies 
that could be utilized along with those that are already 
available.

CONTACT THE SAN FRANCISCO 
BIRD-STRIKE HOTLINE TO REPORT 
BIRD-STRIKES

Report injured birds found outside of buildings by 
emailing safebirds@goldengateaudubon.org 
or by calling Golden Gate Audubon Society at 
(510) 843-6551 with the following information:

Date:

Time:

Address including cross streets:

Location details:

Species of bird, if known:

Male or female, if known:

Adult or juvenile bird, if known:

Condition of bird:

Did you see or hear the collision?  
If so, please provide a description:

Weather:

Please email a photo of the bird and building, if 
possible. If the bird appears to be injured, call 
San Francisco Animal Care and Control at 
(415) 554-9400 and record the date and time you 
called.
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Toronto’s established Lights Out Program creates a dramatic change in 
the skyline appearance. As San Francisco’s program spreads we should 
be able to see seasonal changes as our skyline lights up in non-migratory 
months and dims down during migration.

Photos of 2008 Lights Out Toronto by Dick Hemingway via WWF-Canada.

Lights Out for Birds San Francisco

The Golden Gate Audubon Society, Pacific Gas and Electric Company and the San Francisco Department of the 
Environment administer “Lights Out for Birds – San Francisco.” This voluntary program helps building owners, 
managers and tenants save energy and money while protecting migratory birds. Lights Out for Birds asks partici-
pants to turn off building lights during the bird migration (February through May and August though November each 
year).

“Participants in the Lights Out for Birds program can save natural resources, money, and birds by turning off lighting 
after dusk each evening and leaving lights off until dawn,” said Mike Lynes, Conservation Director for Golden Gate 
Audubon. “Over 250 species of birds migrate through San Francisco in the spring and fall, and many that migrate 
at night can become confused by the City’s lights and collide with tall buildings and towers. The Lights Out for Birds 
program can reduce bird deaths while cutting energy costs and saving participants thousands of dollars each year.”

The North American Bird Conservation 
Initiative—a joint effort of federal 
agencies and nonprofit conservation 
organizations—released the “2009 
State of the Birds” in which it reported 
that the majority of migratory birds in 
North America are suffering significant 
population declines due to human-
induced causes, including habitat loss 
and collisions. In addition to window 
treatments to reduce daytime collisions, 
effective Lights Out programs can help 
stem these population declines.

Participants in the Lights Out for Birds 
program also gain significant financial 
benefits. Building operators and tenants 
have reported significant savings on 
energy bills as a result of participation—
one business in Toronto reported a 
savings of $200,000 in 2006. In 2010 
Mayor Gavin Newsom announced energy 
efficient retrofit funding for 2,000 small to 
mid-sized businesses and 500 homes. By 
installing timers or motion detectors and 
turning off unnecessary lights, building 
owners and operators can significantly 
reduce their energy bill. Reduced energy 
consumption decreases overall green-
house gas emissions, which is essential 
in the effort to combat climate change.

San Francisco was one of the first cities 
to implement a Lights Out program in 
2008. Now over 21 cities in the US and 
Canada have a Lights Out program. 
Conservationists hope that the program 
extends to every major city in North 
America, to save birds, energy and 
money.
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Building owners, managers and tenants interested in an 
energy evaluation and current rebates should contact 
the San Francisco Department of the Environment or a 
PG&E representative. For more information on how to 
participate in the program and to learn about local bird 
populations and how to help, contact the Golden Gate 
Audubon Society at (510) 843-6551. 
 

PARTICIPANTS IN SAN FRANCISCO 
LIGHTS OUT FOR BIRDS

101 California Street

Allsteel Inc.

Barker Pacific Group, Inc.

New Resource Bank

Pacific Gas and Electric Company

San Francisco Department of the Environment

Tishman Speyer

Beyond Requirements: Voluntary Treatments and Acknowledgment

San Francisco building owners who implement Bird-Safe treatments are strongly encouraged to seek recognition 
under the City’s new Bird-Safe Building Certification and Acknowledgement Program. Buildings which avoid creating 
hazards or implement bird-safe treatments as identified in this document would be acknowledged by the City and 
could be marketed as such. Three levels of certification will be offered:

ABOVE: Rescued thrush resting safely in the hand of a Chicago Bird 
Collision Monitor volunteer.
Photo: Willowbrook Wildlife Center  
http://www.chicagoaudubon.org/imgcas/21-02/rescuedthrush.jpg)

The program will be administered by the Planning Department. Buildings that qualify will be awarded plaques and 
public recognition through the City’s website and outreach materials. To find out if your building qualifies for Bird-Safe 
Certification, fill out the attached Bird-Safe Building Checklist on pages 38-39 of this document and contact the 
Planning Department at (415) 558-6377.

Bird-Safe Building: 
The building meets the minimum 
conditions for bird-safety. This 
level focuses on ensuring “bird-
hazards” and “bird traps” are not 
created or are remedied with bird-
safe treatments.

Select Bird-Safe Building: 
The building meets all of the 
minimum requirements; commits 
to “lights out” practices during 
migratory seasons; reduces 
untreated glazing beyond the 
requirements; and commits 
to educating future building 
occupants.

Sterling Bird-Safe Building: 
This is the highest level of Bird-Safe Building 
certification possible. The building meets 
all of the conditions of the other certification 
levels, plus the building reduces the amount 
of glass on the façade, avoids or treats ad-
ditional hazards—beyond the requirements, 
and features year-round best management 
practices for lighting.
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REQUIREMENTS FOR THE MOST HAZARDOUS CONDITIONS: The conditions that warrant special concern in San Francisco 
are designated by red-shaded boxes. These red boxes indicate prohibited building conditions or conditions which are only 
permitted if the glazing is installed with bird-safe glazing treatments. If the project combines a glass façade with a high-risk loca-
tion (“location-related hazard”, line 5-7), glazing treatments will be required for the façade(s) such that the amount of untreated 
glazing is reduced to less than 10% for the façade facing the landscaping, forest, meadow, grassland, wetland, or water. If a 
project creates a new bird-trap or “feature-related hazard” (lines 19-22) or remodels an existing feature-related hazard, bird-safe 
treatment will be required.

INCREASING AWARENESS: Owners of buildings with a façade of greater than 50% glass (lines 9 -10) are strongly encouraged 
to evaluate the building against the checklist and to help provide future tenants with copies of this guide. Use this checklist to 
evaluate design strategies for building new structures and retrofitting existing buildings throughout the City. This checklist sum-
marizes conditions that could contribute to bird mortality and will help to identify the potential risks. Interested neighborhood 
groups and trade associations are encouraged to contact the Department for suggestions on how to proactively increase aware-
ness of the issue and make bird safety practices a part of the construction lexicon.

VOLUNTARY RATINGS: Project sponsors interested in submitting a project for “Bird-Safe Certification” may use this form. The 
Department will partner with local artists to produce appropriate artwork and/or plaques to acknowledge those who actively 
seek to reduce bird collisions on their property. The ratings system will create tiers certification to recognize projects that meet 
minimum requirements as well as those projects that exceed the requirements.

VI. Bird-Safe Building Checklist

2

1

3

Bird-Safe Building 
Certification and 
Acknowledgement: Buildings 
which avoid creating hazards 
or which enhance bird safety 
with treatments identified as 
effective in this document would 
be acknowledged by the City 
and could be marketed as such. 
This document proposes three 
levels of certification by the City. 
Certification is determined by 
applying the checklist criteria.

Potential Risk Factors: 
These shade indicate factors 
that may present hazards 
to birds. Note: actual risks 
vary greatly depending upon 
building and site-specific 
variables.

RISK ASSESSMENT LEGEND: 

YELLOW: 
Bird-Safe Building
The building meets 
the minimum 
conditions for bird-
safety. This level 
focuses on ensuring 
“bird-hazards” and 
“bird traps” are 
not created or are 
remedied with bird-
safe treatments.

GREEN:
Select Bird-Safe 
Building
The building meets 
all of the minimum 
requirements; 
commits to “lights 
out” practices during 
migratory seasons; 
reduces untreated 
glazing beyond the 
requirements; and 
commits to educating 
future building 
occupants.

BLUE:
Sterling Bird-Safe Building
This is the highest level of 
Bird-Safe Building certifica-
tion possible. The building 
meets all of the conditions 
of the other certification 
levels, plus the building 
reduces the amount of glass 
on the façade, avoids or 
treats additional hazards—
beyond the requirements, 
and features year-round 
best management practices 
for lighting.

GRAY: This shade indicates potential increased risk. 
NOTE: The net assessment of total risk varies with 
the combination of building factors. While every 
building in San Francisco will present some element 
of risk to birds, only combinations with “red” boxes 
present a risk level necessitating bird-safe treat-
ments.

RED: This shade 
indicates prohibited 
conditions or conditions 
which are prohibited un-
less bird-safe treatment 
is applied.

CERTIFICATION LEGEND: 

Use of this checklist: This checklist serves three purposes: 1) assessing risk factors and determining risks 
which must be addressed by the requirements; 2) increasing awareness of risk factors that are de minimis and 
don’t require treatment; and 3) evaluating buildings for certification as a bird-safe building. 

By checking all of the boxes for one (or more) of these colors on the Bird-Safe Building 
Checklist (page 39), a building owner is eligible to apply to the Planning Department for Bird-
Safe Building Certification. 
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QUESTION YES NO

MACRO-SETTING 
(PAGE 12, 16)

1 Is the structure located within a major migratory route? (All of San Francisco is on the Pacific Flyway)

2 Is the location proximate to a migratory stopover destination? (Within 1/4 mile from Golden Gate Park, Lake Merced or the 
Presidio)

3 Is the structure location in a fog-prone area? (Within 1/2 mile from the ocean or bay)

MICRO-SETTING 

(LOCATION-RELATED 
HAZARD) (PAGES 13, 16, 

28-29)

4 Is the structure located such that large windows greater than 24 square feet will be opposite of, or will reflect interlock-
ing tree canopies?

5 Is the structure inside of, or within a distance of 300 feet from an open space 2 acres or larger dominated by vegeta-
tion? (Requires treatment of glazing, see page 28)

6 Is the structure located on, or within 300 feet from water, water features, or wetlands? (Requires treatment of glazing, 
see page 28)

7 Does the structure feature an above ground or rooftop vegetated area two acres or greater in size? (Requires treatment 
of glazing, see page 29)

GLAZING QUANTITY 
(PAGE 8)

8 Is the overall quantity 
of glazing as a 
percentage of façade: 
(Risk increases with 
amount of glazing)

Less than 10%?

More than 50%? (Residential Buildings in R-Districts must treat 95% of unbroken glazed segments 
24 square feet or greater in size if within 300 feet of an Urban Bird Refuge.)

9 Will the glazing be 
replaced?

More than 50% glazing to be replaced on an existing bird hazard (including both feature-
related hazards as described in lines 19-22 and location-related hazard as described in lines 
4-7)? (Requires treatment see pages 29 and 31.)

GLAZING QUALITY 
(PAGE 6, 7)

10 Is the quality of the 
glass best described 
as:

Transparent (If so, remove indoor bird-attractions visible from outside the windows.)

11 Reflective (If so, keep visible light reflectance low (between 10-20%) and consider what will reflect in 
the windows. Note: Some bird-safe glazing such as fritting and UV spectrum glass may have higher 
reflectivity that is visible to birds.)

12 Mirrored or visible light reflectance exceeding 30%. (Prohibited by Planning Code.)

GLAZING 
TREATMENTS 
(PAGE 18-21)

13 Is the building’s glass treated with bird-safe treatments such that the “collision zone” contains no more than 10% 
untreated glazing for identified “location-related hazards” (lines 4-7) and such that 100% of the glazing on “feature-
related hazards” (lines 19-22) is treated? 

14 Is the building’s glass treated for required “bird hazards” (as described in line 13) and such that no more than 5% of 
the collision zone (lower 60’) glazing is untreated but not for the entire building?

15 Is the building glazing treated (as described above in lines 14 and 15) and such that no more than 5% of the glazing on 
the exposed façade is left untreated?

BUILDING FAÇADE 
GENERAL  
(PAGE 8, 13)

16 Is the building façade well-articulated (as opposed to flat in appearance)?

17 Is the building’s fenestration broken with mullions or other treatments?

18 Does the building use unbroken glass at lower levels?

BUILDING  
FEATURE-RELATED 
HAZARDS AND 
BIRD TRAPS 
(PAGE 8, 30-31)

19 Does the structure 
contain a “feature-
related” hazard or 
potential “bird trap” 
such as:

Free standing clear-glass walls, greenhouse or other clear barriers on rooftops or balco-
nies? 
(Prohibited unless the glazing is treated with bird-safe applications.)

20 Free standing clear-glass landscape feature or bus shelters? 
(Prohibited unless the glazing is treated with bird-safe applications.)

21 Glazed passageways or lobbies with clear sight lines through the building broken only by 
glazing? 

22 Transparent building corners? 

LIGHTING DESIGN 
(PAGE 10, 25)

23 Does the structure, signage or landscaping feature uplighting? (Prohibited within 300 feet of an Urban Bird Refuge)

24 Does the structure minimize light spillage and maximize light shielding?

25 Does the structure use interior “lights-out” motion sensors?

26 Is night lighting minimized to levels needed for security?

27 Does the structure use decorative red-colored lighting?

LIGHTING 
OPERATIONS 
(PAGE 12, 24-25)

28 Will the building participate in San Francisco Lights Out during the migration seasons?
(February 15-May 31 and August 15- November 30th)
To achieve “sterling” certification the building must participate in year-round best management practices for lighting.

OTHER BUILDING 
ELEMENTS 
(PAGE 23)

29 Does the structure feature rooftop antennae or guy wires?

30 Does the structure feature horizontal access wind generators or non-solid blades? 

CONSENT 
(PAGE 34)

31 Does the building owner agree to distribute San Francisco’s Bird-Safe Building Standards to future tenants?

Authorized Signature X ________________________________________________________________________________        Date: _______________________

BIRD-SAFE BUILDING CHECKLIST
Using the key on the prior page, complete this checklist as a guide to help evaluate potential bird-hazards or eligibility for Bird-Safe 
Building Certification.
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Some of the birds killed by building collisions 
and collected during one migration season in 
Toronto’s Financial District.
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“A vast and growing amount 
of evidence supports the 
interpretation that, except for 
habitat destruction, collisions 
with clear and reflective sheet 
glass and plastic cause the 
deaths of more birds than any 
other human-related avian 
mortality factor. From published 
estimates, an upper level of 1 
billion annual kills in the U.S. 
alone is likely conservative; the 
worldwide toll is expected to be 
billions.

Birds in general act as if sheet 
glass and plastic in the form of 
windows and noise barriers are 
invisible to them. Casualties 
die from head trauma after 
leaving a perch from as little 
as one meter away in an 
attempt to reach habitat seen 
through, or reflected in, clear 
and tinted panes... Glass is an 
indiscriminate killer, taking 
the fittest individuals of species 
of special concern as well as the 
common and abundant.”

~ DANIEL KLEM, JR.  
Leading researcher of bird/building collisions 
as presented at Fourth International Partners 
in Flight Conference, 2008. Ph
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Abstract

Avian mortality at communication towers in the continental United States and Canada is an issue of pressing conservation
concern. Previous estimates of this mortality have been based on limited data and have not included Canada. We compiled
a database of communication towers in the continental United States and Canada and estimated avian mortality by tower
with a regression relating avian mortality to tower height. This equation was derived from 38 tower studies for which
mortality data were available and corrected for sampling effort, search efficiency, and scavenging where appropriate.
Although most studies document mortality at guyed towers with steady-burning lights, we accounted for lower mortality at
towers without guy wires or steady-burning lights by adjusting estimates based on published studies. The resulting
estimate of mortality at towers is 6.8 million birds per year in the United States and Canada. Bootstrapped subsampling
indicated that the regression was robust to the choice of studies included and a comparison of multiple regression models
showed that incorporating sampling, scavenging, and search efficiency adjustments improved model fit. Estimating total
avian mortality is only a first step in developing an assessment of the biological significance of mortality at communication
towers for individual species or groups of species. Nevertheless, our estimate can be used to evaluate this source of
mortality, develop subsequent per-species mortality estimates, and motivate policy action.
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Introduction

On the morning of September 11, 1948, ‘‘a good number of

dead, dying, and exhausted birds’’ were found at the base of the

WBAL radio tower in Baltimore, Maryland [1]. Reports of such

avian mortality at communication towers in North America became

common in the 1950s [2–7]. These observations were consistent

with the long documented mortality of birds at lights, including

lighthouses [8], light towers [9], buildings [1,10], and ceilometers

[1,11]. Although initially dismissed as being of minor consequence

[12], the ongoing and chronic mortality of nocturnally migrating

birds at lighted structures has become a recognized conservation

issue [7,13–15]. Bats are also killed in collisions with tall towers in

unknown numbers [16–18]. An estimate of the total number of

birds killed at communication towers in the United States and

Canada is particularly relevant because the current transition from

analog to exclusively digital broadcasting in the United States is

expected to lead to the construction of more tall towers and a similar

trend will likely follow in Canada.

In 1979, Banks [13] developed a widely circulated estimate of

avian mortality at television towers, which revised upward a

previous estimate by Mayfield [12]. In Banks’s assessment of

various sources of human-caused avian mortality, he extrapolated

the results of three studies at tall towers – two in Florida [19,20]

and one in North Dakota (for which he did not provide a citation

but which was almost certainly [21]) – to all television towers. He

calculated the average mortality at these three sites to be roughly

2,500 birds per year, and multiplied it by the number of television

towers (1,010 in 1979). He then assumed that half of all television

towers would cause a hazard to migrating birds. The resulting

estimate of annual mortality was 1,250,000 [13]. Also in 1979,

Avery [22] applied bird mortality results from seven towers that

had been monitored for at least 10 years and derived an overall

mortality estimate of 940,000/year for the United States. More

recent estimates of total avian mortality at towers in the United

States by the U.S. Fish and Wildlife Service (USFWS) in 2001

[14,23] adjusted the Banks estimate by accounting for the

increased number of towers since 1979. Application of Banks’s
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method today results in an estimate of 4–5 million birds killed

annually by tall towers, with Manville [15,24] indicating a

possibility of mortality an order of magnitude higher.

No estimate of avian mortality at communication towers has

been made for the United States and Canada as a whole, and the

only estimate for Canada was presented in a preliminary

unpublished report preceding this paper. The bulk of species

killed at towers in the United States and Canada are Neotropical

migrants, i.e., birds that breed in Canada and the United States

and spend the non-breeding period south of the U.S. border

[13,25]. Because the ranges of these species extend into Canada,

mortality in both the United States and Canada contribute to their

population dynamics.

In this paper we develop a new estimate of avian mortality at

communication towers in the United States and Canada. This

estimate derives from a review and re-analysis of tower mortality

studies (following [26]). We improve on Longcore et al. [26] by

adjusting mortality records at towers for sampling effort, search

efficiency, and scavenging, and by incorporating additional

studies. We produced a regression for avian mortality by tower

height and then applied this regression to a geographic database of

communication towers for the United States and Canada. This

approach recognizes that taller towers kill more birds on average

than do shorter towers [26–28], but also incorporates mortality

estimates for lighted towers that are less than 600 ft (,180 m)

above ground level (AGL), which have previously been left out of

estimates of total avian mortality. These ‘‘shorter’’ (60–180 m)

lighted towers, which constitute .95% of lighted towers, do

regularly kill birds [28–30] and their sheer number argues against

ignoring them. We do not, however, estimate mortality from

collisions with other lighted structures. Attraction to light at night

leads to avian mortality at buildings, monuments, cooling towers,

bridges, offshore platforms, ships, lighthouses, and wind turbines

[24,31,32], and the same group of species (Neotropical migrants)

are especially susceptible.

Our goal is to improve upon past estimates, which relied on a

very limited set of data and did not reflect current understanding

of the tower height–mortality relationship. Because of the nature

of the existing data on avian mortality at towers and the lack of a

systematic continent-wide survey effort, additional field studies will

be required to refine further our approach. Our results do,

however, increase both the transparency and accuracy associated

with the estimate of this source of avian mortality.

Methods

We assigned average mortality values to tower height classes

(every 30 m) using a regression of tower height by annual mortality

(following [26]). Longcore et al. [26] identified reports of birds

killed at 26 communication towers over at least two migratory

Table 1. Average search and scavenging rates taken from pesticide impact studies [42].

Habitat Body size Search rate (# study plots) Percentage lost to scavenging
Detection rates (studies combining
search and scavenging rates)

Shrub/wood edge Small-medium 41.0% (301) 20.9% 22.8% (94)

Shrub/wood edge Large 67.6% (29) - -

Bare/open Small-medium 64.6% (359) 28.4% 18.6% (56)

Bare/open Large 88.1% (17) - -

Search and detection rates are based on daily averages weighted by the number of study plots. Search rates represent the proportion of carcasses found over the total
number still present at the time of search. Scavenging rates represent daily measurements averaged over all plots without regard for the number of placed carcasses.
Search rates are undoubtedly at the high end of that which is possible because the search procedures were optimized, always including trained lines of searchers
spaced optimally for the habitat as well as the use of search dogs in some studies.
doi:10.1371/journal.pone.0034025.t001

Table 2. Assumed rates for search efficiency and scavenger removal by tower height and habitat type when not provided by
investigator.

Tower type and mortality
profile Habitat

Assumed proportion of
small birds located by
searcher

Assumed proportion of
small birds remaining
after scavenging Combined rate of detection

Height class 1 (0–200 m), sporadic
mortality, more localized

Open habitat 75% 80% 60%

Brush and other visual
obstructions

50% 85% 42%

Height class 2 (201–400 m), regular
mortality, more dispersed

Open habitat 65% 55% 36%

Brush and other visual
obstructions

40% 70% 28%

Height class 3 ($401 m),
dependable mortality, carcasses
widely dispersed

Open habitat 55% 30% 16%

Brush and other visual
obstructions

30% 55% 16%

doi:10.1371/journal.pone.0034025.t002
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seasons (e.g., spring and fall, two falls), consisting of a minimum of

10 total carcass-searching visits per site. We added figures from

additional studies [33,34], tested the sensitivity of the regression to

inclusion of studies, and developed adjustments for sampling effort,

search efficiency, and scavenging to produce estimates of

mortality.

Sensitivity of Tower Height–mortality Regression
We collected as many studies of bird mortality at communica-

tion towers as possible from the literature and, when necessary,

obtained raw data from study authors. Some studies had to be

dropped from our analysis (e.g., [28]) because we were unable to

obtain data from study authors and published reports did not allow

us to assign mortality to specific towers. Because the number of

tower studies available to us was finite, and because the choice of

studies may have influenced our results, we tested the extent to

which the regression was robust to sampling variation among the

towers available for analysis. We used a randomization and

resampling procedure to select random subsets of the 38 towers

included in the analysis. To explore a range of plausible tower

subsets that could produce a regression, we resampled subsets that

included just under half of the available towers (18) up to those

with one fewer than the complete dataset (37 towers) and re-

iterated the sampling procedure 5,000 times. We used the natural

logarithm of both the dependent and independent variables to

normalize their distributions.

Adjustment for Scavenging and Search Efficiency
Loss of birds to scavengers and failure to detect all dead birds

(search efficiency) are sources of error and variation in tower

studies. Some authors have opted to apply searching and

scavenging factors to final kill estimates (e.g., [28,35]). Recognizing

that search efficiency and scavenging losses are likely tower-

specific, we opted to correct the number of kills at each tower

before regressing these estimated losses against tower height.

We assumed that scavenging would be lower at a small tower

that sporadically generates only a few mortalities compared with a

well-established tall tower that kills birds reliably and therefore

maintains scavenger interest [36–39]. This assumption is support-

ed by high scavenging rates documented at tall towers such as

WCTV in Florida [20,36,38] and rapid increases in scavenging

when researchers provide carcasses [33]. Even with extensive

scavenger control efforts, Stoddard estimated that he was losing at

least 10% of bird carcasses to scavengers daily [40]. Therefore, we

adjusted our scavenging rate by tower height.

We assumed that it is easier to find carcasses under a short

tower because carcasses are likely to be less dispersed under

shorter guy wires or in the absence of guy wires. Whether the area

around the tower is bare or heavily vegetated will affect both

scavenging and search rates [41]. Open habitats with little

concealing vegetation are, predictably, more conducive to efficient

searching for carcasses [41]. Scavengers detecting prey by sight

can find the carcasses more easily as well. Notwithstanding the use

of smell by some carnivores to find prey, dense cover makes it

more difficult in general for both scavengers and searchers to find

carcasses [42]. Support for our assumptions about the effect of

cover on these rates is found in research on avian mortality caused

by pesticides, power lines, and wind turbines [41–45]. We avoided

attempts to calculate probability of detection by searchers that

involved the ‘‘life expectancy’’ of carcasses because these methods

are biased [46]. If a carcass was not found on the first search day,

the probability that it will be found on subsequent days is

considerably less than the average search rate would suggest.

Therefore, for the purpose of this analysis, the likelihood that a
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carcass was found more than one day after it was generated is

considered negligible. Removal of dead birds by scavengers at sites

with regular mortality also follows an exponential decay model

such that the probability of small dead birds remaining to be found

falls quickly following the mortality event [45,47].

We divided towers into height classes to which we could assign

differential search and scavenging rates. Based on breaks in the raw

tower mortality data, we chose to divide the towers into three height

classes: 0–200 m, 201–400 m, and $401 m. To assign search and

scavenging rates we relied on our published summaries of available

rates from a range of carcass searching contexts (Table 1) [41,42],

other existing studies and reviews [37,43,44,46,48], and values

reported at the towers in our dataset where these rates were

measured [28,33,34,49]. Taking into account patterns from these

data, we used tower height as well as any information about cover as

a way to assign search and scavenging corrections by height and

cover class to the towers for which these rates had not been measured

and reported by the authors (Table 2). All search and scavenging

rates, both measured and assigned, are reported in Table 3.

We investigated the sensitivity of our final results to these

assumptions about search efficiency and scavenging by recalcu-

lating our total mortality estimates while assigning the average

search efficiency and scavenging rates reported from those studies

that did estimate these rates. This approach tested the alternative

assumption that studies from all towers where search efficiency or

scavenging were not measured had the same search efficiency,

scavenging rate, or both, as did studies at the towers where they

were measured, regardless of the physical conditions at the tower

or the height of the tower.

Adjustment for Sampling Effort and Design
Studies included in the tower height–mortality regression varied

in sampling design and duration. Following Longcore et al. [26],

we required a minimum of 10 searches for a study to be included.

Authors of most of the studies used in the regression assumed that

most birds would be found by sampling during peak migration, on

bad weather days preceding or following the passing of a cold front

(e.g., J. Herron, pers. comm.), or both (Table 4). The logic behind

this approach is that many high avian mortality days are

correlated with these factors [31]. Nevertheless, ‘‘trickle kills’’ on

fair weather days even outside the typical migration period can

contribute substantially to overall mortality [40]. Substantial

mortality during clear and calm weather during the migration

season has also been documented [30,50] (Figure 1). For these

reasons we used raw data from two studies that carried out daily

carcass searches – WCTV Florida tower data from 1956–1967

initiated by Herbert L. Stoddard and Tall Timbers Research

Station [40] and North Dakota ‘‘Omega’’ tower [21,51,52] – as a

baseline to develop estimates of the effectiveness of the various

sampling designs for the 38 tower studies included in our dataset.

The Florida estimates were averaged over the 10 years of sampling

during which height of tower and predator control were the same;

the North Dakota estimates are for two years of sampling. When

the estimate was (partially) based on sampling outside the

migratory period (as defined), we used the Florida dataset, which

had continuous, year-round sampling. We did not, however,

correct upward all kill estimates to account for the trickle of kills

recorded in the non-migratory seasons. We believe, therefore, that

our estimates are conservative. To control for differences between

spring and fall migration we developed estimates for both spring

and fall separately.

To adjust for the kills between sampling days during the

migratory seasons we resampled (with replacement) daily mortality

data from the Florida and North Dakota datasets within each of
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the spring and fall migration periods by randomly selecting a

subset of days and summing avian mortality for the selected days.

We calculated average bird mortality for 5,000 iterations and then

used the ratio of the average bird mortality from the 5,000

iterations to the total number of birds killed during either spring or

fall migration or outside of the migration period to adjust mortality

estimates for studies without daily sampling. We averaged

estimates between the Florida and North Dakota datasets. This

adjustment was applied to studies where researchers sampled on

bad weather days (see below) and to those with weekly sampling

outside the migration period.

For studies that did not provide complete details on their

sampling design, we made simplifying assumptions (see below). If

more than one sampling strategy was used, we developed estimates

for each and used the sum as our overall estimate. For example,

sampling may have been done weekly (regular sampling) outside of

the migration period and also on ‘‘bad weather days’’ during the

migration period.

We defined the spring and fall migration periods as a 60-day

window before and after the migration peak for both spring and

fall for each dataset, recognizing that for some recent studies (e.g.,

[28]) monitoring only occurred during the three-week peak of

migration. We determined the peak for the Florida and North

Dakota datasets by plotting the number of birds killed (from the

raw data) against Julian date for all years of data combined and

using negative exponential smoothing.

Some investigators reported the total number of days sampled

during one or both migration periods and sometimes outside the

migration periods. When the sampling interval (e.g., weekly) was

identified in the study design, we constrained the resampling

procedure to randomly select a day within that sampling interval.

If no sampling interval was defined, selection was random.

Some investigators sampled on so-called ‘‘bad weather days’’ or

following bad weather nights, i.e., overcast, often associated with

advancing cold fronts and potentially including precipitation.

Usually no other information was provided to define bad weather

or the number of days when bad weather occurred. High bird

mortality at communication towers is correlated with bad weather

days [40,50,53]. This is shown by plotting ln(n+1)-transformed

daily mortality data from the Florida tower dataset for the 1956–

1967 fall migrations against the mean free airspace (distance

between the top of the tower and the bottom of the cloud cover).

Days where maximum free airspace was recorded were excluded

from analysis because measurements did not vary for total ceiling

greater than 610 m (2,000 ft). Mortality for days with mean ceiling

at the maximum was 4.0–8.0 birds per day (95% C.I., n = 871),

while mortality for all days with less than the maximum ceiling was

16.0–33.5 birds per day (95% C.I., n = 569). Considering these

remaining points, a linear regression reveals a highly significant

effect of mean free airspace, but also low explanatory power

(Figure 1). Based on these data, we used days with mean free

airspace equal to or below 335 m (1,100 ft) as an index of bad

weather days because mortality was significantly lower on days

with airspace greater than 335 m (10.3–17.8 birds per day, 95%

C.I., n = 387) compared with days with airspace below this

threshold (21.5–73.3 birds per day, 95% C.I., n = 182).

Figure 1. Relationship of bird fatalities to free airspace at WCTV Tower, 1956–1967. Raw data from Crawford and Engstrom (2001) were
used to plot daily bird fatalities against the mean free airspace between the top of the tower and the cloud ceiling each day. Days with maximum
ceiling were excluded. Daily avian mortality increases significantly as free airspace decreases (Ln(Bird Fatalities +1) = 1.443928 – 0.0016667 ? Mean
Free Airspace (m), R2 = 0.17, p,0.001).
doi:10.1371/journal.pone.0034025.g001

Avian Mortality at Communication Towers

PLoS ONE | www.plosone.org 7 April 2012 | Volume 7 | Issue 4 | e34025



For some studies, the only information provided was the

number of days sampled and the timing of sampling (during

migration or all year). For these studies we assumed that

researchers sampled on bad weather days during migration when

large bird kills at communication towers were expected, given that

this was the response obtained when we were able to contact

researchers to ask about papers where this detail was not provided

(e.g., J. Herron, pers. comm.).

Several researchers sampled only on days when so called ‘‘big

kills’’ were reported. The definitions of ‘‘big kill’’ were not

included. The typical daily trickle of dead birds for the Florida

dataset over the 1956–1967 period was five. We therefore defined

big kills as six or more birds located after any given night.

We investigated the sensitivity of our results to our assumptions

about sampling effort by varying these assumptions for the 13

studies in our dataset that either did not indicate the number of

days sampled or did not provide a definition of sampling design,

or did neither. Some researchers had indicated that they had

sampled on overcast or bad weather days or following bad

weather days. For all of these studies and for those that did not

mention anything specific, we made the conservative assumption

that towers were sampled on bad weather days. We then

recalculated the sampling adjustment and total mortality using

three different scenarios: 1) researchers sampled on bad weather

days and weekly during migration (e.g., [49]); 2) researchers

sampled on bad weather days and weekly all year (e.g., [33];

Table 5. Regression results for mean annual fatalities by tower height, when unadjusted, corrected for sampling only, corrected
for search efficiency and scavenging only, and corrected for both sampling and search efficiency/scavenging, with estimated
annual fatalities after back transformation, adjustment for bias, and application to all towers in the United States and Canada.

Slope Intercept R2
adj RMSE F P

Estimated annual
fatalities (million)

No corrections 2.8257 –10.8626 0.78 1.110 133.5046 ,0.0001 1.38

Sampling correction 3.0962 –11.9490 0.80 1.151 148.8302 ,0.0001 2.06

Searcher/scavenging correction 3.2024 –11.8012 0.82 1.110 171.2329 ,0.0001 4.31

Both corrections 3.4684 –12.8600 0.84 1.137 191.6163 ,0.0001 6.80

doi:10.1371/journal.pone.0034025.t005

Figure 2. Bird Conservation Regions and locations of towers used for tower height–mortality regression.
doi:10.1371/journal.pone.0034025.g002
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excludes 5 of the 13 studies that clearly indicated they only

sampled during migration); and 3) researchers sampled only

following big kill days, about which they were notified by

personnel at the tower (e.g., [5]).

Evaluation of Model Correction Factors
We plotted either raw carcass counts or mortality estimates

corrected for either sampling effort or search efficiency and

scavenging, or both, against tower height and looked for

improvements in the regression coefficient as an indication that

the corrections improved the model.

Description of Communication Towers and their
Characteristics

We used a Geographic Information System (GIS) to extract the

locations and characteristics of towers in the Antenna Structure

Registration (ASR) database maintained by the U.S. Federal

Communications Commission (FCC) and the NAV CANADA

obstruction database. The FCC data are freely available and we

purchased a license for the Canadian obstruction data for the

limited purpose of this study. We compared and crosschecked

these with the FCC’s microwave tower database and the

commercial TowerMaps database (also purchased, see http://

www.towermaps.com/), which provides locations of cellular

towers to potential lessees and incorporates both data for shorter

towers and information that was not included in the FCC

databases. We did considerable quality control on the tower data,

confirming from independent sources that all towers greater than

300 m existed. This was necessary because the data were prone to

multiple types of errors; for example, the FCC database included a

record claiming to be located in the ‘‘Land of Oz’’ in Kansas,

associated with geographic coordinates in Minnesota. Full details

of the quality assurance are available from the authors.

The NAV CANADA database did not contain comprehensive

information about either the presence of guy wires or the presence

and type of lighting. We therefore relied on data from the FCC

and TowerMaps datasets and assumed that lighting and guy wire

use was similar in both countries for towers of the same height

class, an assumption supported by the similarity in marking and

lighting standards between the two countries. The U.S. Federal

Aviation Administration requirements are found in the advisory

circular AC 70/7460-1K. Those of Canada are found in Standard

621 of the Canadian Aviation Regulations.

Calculation of Annual Mortality
Avian mortality was estimated with the antilogarithm of the

regression of the log transformed variables, which was adjusted for

transformation bias using the smearing estimator after testing to

confirm homoscedasticity of variance in the regression [54,55].

Most recorded tower kill events take place at guyed towers, and

steady-burning lights increase the probability of large tower kills

[26,28]. We assumed that unguyed towers caused 85% less

mortality than guyed towers (midpoint of 69–100% estimate in

[56]) and that towers without steady-burning lights caused 60%

less mortality than towers with such lights (midpoint of 50–71%

estimate in [28]). Following Longcore et al. [26], all estimates were

calculated assuming that when both seasons were not measured,

75% of annual mortality occurred during the fall and 25% during

the spring [40].

We overlaid locations of towers within each Bird Conservation

Region (BCR) in the study area and calculated the number of

towers in each 30 m height class for all towers $60 m. Bird

Conservation Regions are divisions defined by habitat and

topography that have been delineated for the purpose of bird

conservation by the North American Bird Conservation Initiative

and are endorsed by a range of bird conservation organizations

and government agencies. BCRs are based on the North

American ecoregions developed to promote international conser-

vation efforts [57]. For each height class within each BCR we

calculated the average number of birds killed per year, using the

tower height–mortality regression adjusted for sampling effort,

search efficiency, and scavenging as described above. For purposes

of calculating total mortality we included all towers in the

continental portions of the United States and Canada. Although

most literature on tower mortality in North America describes

studies from east of the Rocky Mountains, we included the West as

well for purposes of estimating total mortality, a decision

supported by records of tower mortality in Colorado [33], New

Mexico [58], and Alaska [59], in addition to documented kills at

lighthouses in California and British Columbia [60,61]. We did

not attempt to assign differential mortality for so-called flyways

because radar studies and other observations strongly support the

existence of ‘‘broad front’’ migration [62,63]. To investigate this

assumption, we plotted the residuals of the tower height–mortality

regression by their geographic coordinates and calculated Moran’s

I as a measure of spatial autocorrelation. We acknowledge that

local habitat factors may influence mortality at particular towers,

but because only 18.4% of towers were originally selected for

monitoring on the basis of knowledge of prior mortality (see

below), it is unlikely that these variations would result in a

systematic bias in the resulting mortality estimates.

To illustrate the contribution of each part of our adjustment to

the final estimate of mortality, we calculated the extrapolated

mortality estimates for the unadjusted mortality data, with the

sampling correction only, with the search efficiency and scav-

enging corrections only, and corrected for all factors.

Figure 3. Regression and 95% confidence intervals of annual
avian fatalities by tower height. Annual avian fatalities were
adjusted for sampling effort, search efficiency, and scavenging and
regressed by log-transformed tower height (Ln(Mean Annual Fatalities
+1) = 3.4684 ? Ln(Tower Height) – 12.86, R2 = 0.84, p,0.0001).
doi:10.1371/journal.pone.0034025.g003
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We do not report estimates of bird mortality at short (,60 m)

towers in this paper because they contribute negligibly to overall

annual bird mortality and are not usually illuminated unless

located near an airport. We note, however, that single-night

mortality events with several hundred identified dead birds at unlit

,60 m towers have been reported, often related to lighting at

adjacent infrastructure [30], which is consistent with reports from

turbines and towers monitored at industrial wind facilities [64].

Our analysis therefore applies to towers $60 m.

Results

Tower Height–mortality Regression
Towers used in the height–mortality regression were located

throughout the eastern United States (Figure 2). We were able to

confirm from original sources and personal communications that

68.4% of the towers were chosen for study with no prior

knowledge of avian mortality; status is unknown for 13.2% of

towers; and only 18.4% of towers were chosen with any knowledge

of prior avian mortality. Log-transformed annual avian mortality,

when adjusted for sampling effort, search efficiency, and

scavenging, was significantly explained by log-transformed tower

height in a linear regression (R2 = 0.84, F1,36 = 191.62, p,0.0001)

(Table 5; Figure 3).

Tower Height–mortality Regression Sensitivity to Study
Inclusion

The median R2 values of the resampled distributions are similar

to those obtained from using all of the available studies (Figure 4,

Table 6) and are not sensitive to the addition or elimination of a

few or a set of studies. The results of the resampling procedure for

subsets of 18 studies (a little under half of the studies) and for 37

studies (1 fewer than the total) show the range of influence that

study inclusion could have on the regression line (Table 6).

Evaluation of Model Adjustment Factors
Models using either sampling correction alone or the combina-

tion of sampling correction with the combined search efficiency

and scavenging correction were found to be superior to the model

using tower height alone at explaining annual kills (R2 = 0.84 vs.

R2 = 0.79; Table 5). Correcting for search efficiency and

scavenging losses appeared to provide the best improvement to

the overall model (Table 5).

Figure 4. Influence of study choice on tower height–mortality regression. Distribution of counts for R2 (adjusted), standard error, and
coefficient for 5,000 iterations (subset = 18 studies, left; subset = 37 studies, right) for a linear regression between the natural logarithms of tower
height (m) and mean annual fatalities.
doi:10.1371/journal.pone.0034025.g004
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Tower Characteristics
Our database of $60 m towers included 70,414 towers in the

continental United States and Canada after all quality assurance

and quality control was done (Figure 5). Most towers in the United

States dataset (31,486; 50.3%) were freestanding with steady-

burning lights at night, while the fewest towers (4,898; 7.8%) were

guyed with strobe lights at night. Some towers had strobe lights

during the day but red flashing and red solid lights at night so these

were included as having solid lights.

Total Mortality and Estimates by Bird Conservation
Region

Combination of the tower height–mortality regression with

estimates of reduced mortality at towers without guy wires or

steady-burning lights produced a matrix of mortality by height

class and tower characteristics. These estimates, already adjusted

for sampling effort, search efficiency, and scavenging, ranged from

zero for short unguyed towers to over 20,000 birds per year for the

tallest guyed towers with steady-burning lights.

The back-transformed tower height–mortality regression, ad-

justed for bias (smearing estimator) and applied to towers in the

continental United States and Canada, produced an annual

mortality estimate of 6.8 million birds per year (Table 5).

Extrapolation from the unadjusted data yielded an estimate of

1.4 million birds per year, meaning that our cumulative

assumption is that searchers find only around 20% of the birds

that are killed, because of search efficiency, scavenging, and

incomplete sampling (Table 5).

These results are sensitive to the assumptions that were made

about these factors. As an illustration, we calculated total mortality

while assuming a constant search efficiency equal to the average of

the measured search efficiency from those towers where this was

measured (36.4%), which resulted in a total mortality estimate of

9.4 million birds per year. Applying the average scavenging rate

(15.8%) to all towers resulted in a mortality estimate of 4.7 million

birds per year. Using both averages (for scavenging and search

efficiency) yielded an estimate of 6.4 million birds per year. For the

sampling effort adjustments, recalculated mortality estimates for

the three scenarios applied to studies with unknown sampling

schemes were: 5.4 million birds per year for sampling only on big

kill days, 5.7 million birds per year for sampling on bad weather

days and weekly year round, and 6.2 million birds per year for

sampling on bad weather days and weekly during migration only.

Finally, if we recalculate mortality after omitting all towers selected

with prior knowledge of any mortality on site (18.4% of our sample

of towers), the estimate of total mortality declines to 5.5 million

birds per year.

Over two-thirds of the estimated mortality is attributed to

towers $300 m, of which only 1,040 were found in our database

(1.6% of towers $60 m; Table 7). Fully 71% of mortality is

attributed to the tallest 1.9% of towers. Shorter towers (60–150 m)

Figure 5. Map of communication towers in the United States and Canada by height class. Data acquired from Federal Communications
Commission, Towermaps.com, and NAV CANADA.
doi:10.1371/journal.pone.0034025.g005

Table 6. Confidence intervals and median values for model
parameters using randomized subsets of 18 or 37 studies
(5,000 iterations).

Subset Parameter 5% 95% Median

18 studies R2 0.765 0.906 0.847

slope 3.087 4.061 3.474

intercept –16.205 –10.775 –12.882

standard error 0.919 1.331 1.345

37 studies R2 0.828 0.853 0.841

slope 3.414 3.591 3.465

intercept –13.556 –12.556 –12.845

standard error 1.093 1.153 1.146

doi:10.1371/journal.pone.0034025.t006
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contribute approximately 17% of all mortality because of their

sheer numbers (Table 7).

Our estimates of mortality vary by region, influenced both by

the size of the region and the number and height distribution of

towers (Figure 6; Table 8). The number of towers in each BCR

does not directly correlate with estimated annual mortality because

of differing numbers and heights of towers. As a result, Peninsular

Florida is associated with more mortality than all of Canada; even

though fewer towers are reported in Peninsular Florida, they are

on average much taller. The concentration of migrants resulting

from Florida’s geographic position would increase mortality even

more, but this factor is not considered in our method because

mortality rates for any given tower height are assumed to be

constant across the continent. The Southeastern Coastal Plain

BCR accounts for greater mortality than other BCRs, followed by

Eastern Tallgrass Prairie, Oaks and Prairies, and Piedmont

(Table 8). Canadian mortality accounts for only a fraction of the

total (approximately 3.2%), because Canada has far fewer, and

generally shorter, towers.

Table 7. Number of communication towers $60 m by type and associated avian mortality estimates for Canada and the
continental United States.

Country
Height class
(m)

Guyed towers
with steady-
burning lights

Guyed towers
with strobe
lights

Unguyed towers
with steady-
burning lights

Unguyed
towers with
strobe lights

Annual
fatalities

Percent of
fatalities

United States 60–90 5,901 863 17,693 2,575 115,524 1.76%

90–120 10,023 1,696 10,004 1,683 531,411 8.07%

120–150 2,938 505 2,922 488 377,542 5.74%

150–180 1,992 311 661 101 468,600 7.12%

180–210 343 46 107 12 142,679 2.17%

210–240 174 54 51 11 126,507 1.92%

240–270 109 57 29 16 131,379 2.00%

270–300 76 61 18 14 146,530 2.23%

300–330 271 128 0 0 642,858 9.77%

330–360 115 28 0 0 345,255 5.25%

360–390 78 22 0 0 317,130 4.82%

390–420 47 16 0 0 254,809 3.87%

420–450 35 10 0 0 238,450 3.62%

450–480 66 23 0 0 579,458 8.80%

480–510 25 10 0 0 277,580 4.22%

510–540 24 8 0 0 319,300 4.85%

540–570 8 9 0 0 165,120 2.51%

570–600 18 15 0 0 410,068 6.23%

600–630 38 27 0 0 991,745 15.07%

Subtotal 22,282 3,888 31,486 4,898 6,581,945 100.00%

Canada1 60–90 627 323 1,880 968 13,980 6.34%

90–120 1,295 284 1,295 284 69,981 31.72%

120–150 251 55 251 55 32,797 14.86%

150–180 92 23 31 8 22,363 10.14%

180–210 44 11 15 4 19,085 8.65%

210–240 19 5 6 2 13,757 6.24%

240–270 6 2 2 1 6,640 3.01%

270–300 3 1 1 0 4,884 2.21%

300–330 9 4 0 0 21,267 9.64%

330–360 3 1 0 0 8,973 4.07%

360–390 1 0 0 0 2,996 1.36%

390–420 1 0 0 0 3,912 1.77%

Subtotal 2,349 709 3,480 1,321 220,650 100.00%

Total 24,631 4,597 34,966 6,219 6,802,595

1Tower attributes (guy wires, lighting type) for Canada are extrapolated from proportions in the United States because these attributes are not found in the NAV
CANADA database.
doi:10.1371/journal.pone.0034025.t007
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Although we extended mortality estimates to all towers in

Canada and the continental United States, few studies are

available from the West (Figure 2). This may be a function of a

higher number of nocturnal migrants in the East, different patterns

of migration, different weather patterns, or it may simply reflect

the fewer and shorter towers in the West as a whole. We

investigated the effect of location on annual mortality by regressing

the residuals of our height regression against longitude and also by

testing the residuals for spatial autocorrelation. The resulting plot

showed slightly higher mortality in the East, but the relationship

was not significant and was largely driven by a single data point in

Colorado. Residuals were not spatially autocorrelated using

inverse Euclidean distance weighting (Figure 7; Moran’s I = 0.09,

z = 0.23, p = 0.816). More comprehensive surveys of towers in the

West are needed to see if the lower mortality at the site in

Colorado represents an anomaly or a different pattern of mortality

in the West. Pending such further analysis, extrapolation of

mortality at towers in the western portions of the United States

and Canada should be regarded as provisional.

Discussion

Our total mortality estimate of 6.8 million birds per year is

,50% greater than the current USFWS estimate of 4–5 million

birds per year [14,15,23,24]. Our results do not support the

suggestion that mortality might be an order of magnitude higher

[14,15], which had been made before this type of synthetic analysis

had been attempted. Our approach to estimating total avian

mortality at towers uses far more data than previous efforts. For

example, Banks’s [13] estimate was based on mortality rates from

only three tower studies and assumed that all towers caused the

same rate of mortality, regardless of tower height. Our method

incorporates evidence from 38 towers to establish the relationship

between tower height and avian mortality. We accounted for the

height distribution and physical characteristics of ,84,000 towers

across the United States and Canada (including towers ,60 m,

which we mapped but did not include in our mortality estimates).

Notwithstanding the sources of uncertainty in our estimate, the

method improves previous efforts, is transparent, and can be

revised in conjunction with additional field studies.

Although mortality at some towers has apparently declined over

time [31], the influence of any such trend (if a true decline in

mortality and not the result of increased scavenging) is offset by the

large portion (.50%) of towers in the regression having survey end

dates after 1990. If only these studies ending after 1990 are used in

the regression, the total mortality estimate decreases to 4.8 million

birds per year. The residuals of the tower height–mortality

regression, however, are not significantly explained by the ending

year of the survey (results not shown) so we did not exclude the

older studies from our final regression. Even if the decline in

number of birds killed at towers is a real phenomenon, the effect of

these kills on sensitive species could still be substantial if

populations have declined by a greater proportion.

Estimated tower mortality increases exponentially with tower

height [26], which makes our results sensitive to the use of the

height classes. For example, if we used the top of each height class

rather than the middle to calculate total mortality, the estimate

would increase by 25%. The use of the height classifications was

necessary for ease of calculation and because attributes of the

Canadian towers that were not known had to be assigned

probabilistically. We used log transformations of both variables to

normalize the distributions and because the total volume of

airspace occupied by guy wires increases far more rapidly than

does height. The increasing length of guy wires provides a

mechanistic explanation for the exponentially increasing proba-

bility of avian collisions as tower height increases. Extremely tall

towers also extend into the ‘‘normal’’ flight altitudes of many

migrants so that mortality events can occur under clear skies and

favorable migration conditions; this provides another plausible

mechanism for the exponential increase in mortality rates

observed by height. We also considered using separate regressions

for towers less than and greater than 200 m, given the break in the

data, but found that doing so had little effect on the overall

Figure 6. Estimated annual avian mortality from communication towers by Bird Conservation Region. High mortality estimates in
Peninsular Florida and Southeastern Coastal Plain reflect the more numerous and taller communication towers in these regions.
doi:10.1371/journal.pone.0034025.g006
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estimate and we could not formulate a functional explanation why

the tower height–mortality relationship should change in this

manner.

Further research is needed on the mortality rates at the tallest

towers (i.e., .500 m). These data are needed to confirm that the

tower height–mortality relationship is exponential [26]. The

nature of this relationship is important because it leads directly

to a policy recommendation of focusing on the tallest towers first

for mitigation. If more extensive tower datasets show a different

relationship (e.g., logistic) then mitigation actions would be much

different, requiring treatment of many more towers to address the

same proportion of mortality.

Producing this estimate of avian mortality at towers required

many assumptions, the implications of which we have explored to

the degree possible with the data available. By undertaking this

exercise, we have reaffirmed what elements should be included in

tower studies going forward – explicit measurement of search

efficiency, scavenging rates, and the effect of sampling schemes for

any study, as well as investigation of geographic variation in

mortality and inclusion of towers representative of the extremes of

Table 8. Total estimated annual avian mortality at towers $60 m in the United States and Canada by Bird Conservation Region
(BCR).

BCR USA (lower 48 states) Canada Alaska Total

1–Aleutian Bering Sea 0 0

2–Western Alaska 155 155

3–Arctic Plains and Mountains 542 83 625

4–Northwestern Interior Forest 288 2,228 2,516

5–Northern Pacific Rainforest 21,170 2,411 333 23,914

6–Boreal Taiga Plains 24,591 24,591

7–Taiga Shield and Hudson Plains 2,754 2,754

8–Boreal Softwood Shield 20,650 20,650

9–Great Basin 20,744 339 21,083

10–Northern Rockies 8,653 1,925 10,578

11–Prairie Potholes 265,244 63,032 328,276

12–Boreal Hardwood Transition 139,535 34,564 174,099

13–Lower Great Lakes/St. Lawrence Plain 83,185 51,175 134,360

14–Atlantic Northern Forest 36,469 18,378 54,847

15–Sierra Nevada 343 343

16–Southern Rockies/Colorado Plateau 29,175 29,175

17–Badlands and Prairies 54,040 54,040

18–Shortgrass Prairie 243,791 243,791

19–Central Mixed-Grass Prairie 333,211 333,211

20–Edwards Plateau 81,827 81,827

21–Oaks and Prairies 469,889 469,889

22–Eastern Tallgrass Prairie 754,928 754,928

23–Prairie Hardwood Transition 278,788 278,788

24–Central Hardwoods 346,796 346,796

25–West Gulf Coastal Plain/Ouachitas 321,983 321,983

26–Mississippi Alluvial Valley 185,746 185,746

27–Southeastern Coastal Plain 1,107,118 1,107,118

28–Appalachian Mountains 263,368 263,368

29–Piedmont 448,533 448,533

30–New England/Mid-Atlantic Coast 96,197 96,197

31–Peninsular Florida 341,774 341,774

32–Coastal California 99,873 99,873

33–Sonoran and Mojave Deserts 50,179 50,179

34–Sierra Madre Occidental 875 875

35–Chihuahuan Desert 16,559 16,559

36–Tamaulipan Brushlands 105,545 105,545

37–Gulf Coastal Prairie 373,609 373,609

Total 6,579,147 220,649 2,799 6,802,595

doi:10.1371/journal.pone.0034025.t008
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the height distribution. Such research will help refine our

regionalized mortality estimates.

In 1989, the Exxon Valdez oil spill killed approximately

250,000 birds in what has become the benchmark for a major

environmental disaster [65]. Our estimates show that communi-

cation towers are responsible for bird deaths equivalent to more

than 27 Exxon Valdez disasters each year. Our estimate of the

number of birds killed annually by communication towers is 2–4

times greater than the estimate for annual fatalities from lead

poisoning before lead shot was phased out for hunting waterfowl

[66]. Previous efforts (e.g., [25]) and our compiled database

illustrate that most of the birds killed at communication towers are

Neotropical migrants, which have suffered population declines and

many of which are formally recognized as ‘‘Birds of Conservation

Concern’’ [67,68]. Data on per species mortality would provide

even more clarity about the biological significance of avian

mortality at communication towers. In a companion manuscript,

we estimate species-specific losses based on total losses estimated

here and species-specific casualty reports for Bird Conservation

Regions following methods we developed previously [35]. But

even without such estimates, the aggregate mortality numbers

developed here should lead policymakers to pursue mitigation

measures to reduce this source of chronic mortality.

Mitigation of avian mortality at communication towers could

most practicably be achieved by implementing several measures:

1) concomitant with permission from aviation authorities, remove

steady-burning red lights from towers, leaving only flashing (not

slow pulsing) red, red strobe, or white strobe lights [24,26,28,31];

2) avoid floodlights and other light sources at the bases of towers,

especially those left on all night [64]; 3) avoid guy wires where

practicable [26,28]; 4) minimize the number of new towers by

encouraging collocation of equipment owned by competing

companies; and 5) limit height of new towers when possible.

Concentrating on removing steady-burning lights from the

roughly 4,500 towers $150 m tall in the United States and

Canada with such lights should be a top priority because,

according to our model, it would reduce overall mortality by

approximately 45% through remedial action at only 6% of lighted

towers.
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Abstract

Avian mortality at communication towers in the continental United States and Canada is an issue of pressing conservation
concern. Previous estimates of this mortality have been based on limited data and have not included Canada. We compiled
a database of communication towers in the continental United States and Canada and estimated avian mortality by tower
with a regression relating avian mortality to tower height. This equation was derived from 38 tower studies for which
mortality data were available and corrected for sampling effort, search efficiency, and scavenging where appropriate.
Although most studies document mortality at guyed towers with steady-burning lights, we accounted for lower mortality at
towers without guy wires or steady-burning lights by adjusting estimates based on published studies. The resulting
estimate of mortality at towers is 6.8 million birds per year in the United States and Canada. Bootstrapped subsampling
indicated that the regression was robust to the choice of studies included and a comparison of multiple regression models
showed that incorporating sampling, scavenging, and search efficiency adjustments improved model fit. Estimating total
avian mortality is only a first step in developing an assessment of the biological significance of mortality at communication
towers for individual species or groups of species. Nevertheless, our estimate can be used to evaluate this source of
mortality, develop subsequent per-species mortality estimates, and motivate policy action.
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Introduction

On the morning of September 11, 1948, ‘‘a good number of

dead, dying, and exhausted birds’’ were found at the base of the

WBAL radio tower in Baltimore, Maryland [1]. Reports of such

avian mortality at communication towers in North America became

common in the 1950s [2–7]. These observations were consistent

with the long documented mortality of birds at lights, including

lighthouses [8], light towers [9], buildings [1,10], and ceilometers

[1,11]. Although initially dismissed as being of minor consequence

[12], the ongoing and chronic mortality of nocturnally migrating

birds at lighted structures has become a recognized conservation

issue [7,13–15]. Bats are also killed in collisions with tall towers in

unknown numbers [16–18]. An estimate of the total number of

birds killed at communication towers in the United States and

Canada is particularly relevant because the current transition from

analog to exclusively digital broadcasting in the United States is

expected to lead to the construction of more tall towers and a similar

trend will likely follow in Canada.

In 1979, Banks [13] developed a widely circulated estimate of

avian mortality at television towers, which revised upward a

previous estimate by Mayfield [12]. In Banks’s assessment of

various sources of human-caused avian mortality, he extrapolated

the results of three studies at tall towers – two in Florida [19,20]

and one in North Dakota (for which he did not provide a citation

but which was almost certainly [21]) – to all television towers. He

calculated the average mortality at these three sites to be roughly

2,500 birds per year, and multiplied it by the number of television

towers (1,010 in 1979). He then assumed that half of all television

towers would cause a hazard to migrating birds. The resulting

estimate of annual mortality was 1,250,000 [13]. Also in 1979,

Avery [22] applied bird mortality results from seven towers that

had been monitored for at least 10 years and derived an overall

mortality estimate of 940,000/year for the United States. More

recent estimates of total avian mortality at towers in the United

States by the U.S. Fish and Wildlife Service (USFWS) in 2001

[14,23] adjusted the Banks estimate by accounting for the

increased number of towers since 1979. Application of Banks’s
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method today results in an estimate of 4–5 million birds killed

annually by tall towers, with Manville [15,24] indicating a

possibility of mortality an order of magnitude higher.

No estimate of avian mortality at communication towers has

been made for the United States and Canada as a whole, and the

only estimate for Canada was presented in a preliminary

unpublished report preceding this paper. The bulk of species

killed at towers in the United States and Canada are Neotropical

migrants, i.e., birds that breed in Canada and the United States

and spend the non-breeding period south of the U.S. border

[13,25]. Because the ranges of these species extend into Canada,

mortality in both the United States and Canada contribute to their

population dynamics.

In this paper we develop a new estimate of avian mortality at

communication towers in the United States and Canada. This

estimate derives from a review and re-analysis of tower mortality

studies (following [26]). We improve on Longcore et al. [26] by

adjusting mortality records at towers for sampling effort, search

efficiency, and scavenging, and by incorporating additional

studies. We produced a regression for avian mortality by tower

height and then applied this regression to a geographic database of

communication towers for the United States and Canada. This

approach recognizes that taller towers kill more birds on average

than do shorter towers [26–28], but also incorporates mortality

estimates for lighted towers that are less than 600 ft (,180 m)

above ground level (AGL), which have previously been left out of

estimates of total avian mortality. These ‘‘shorter’’ (60–180 m)

lighted towers, which constitute .95% of lighted towers, do

regularly kill birds [28–30] and their sheer number argues against

ignoring them. We do not, however, estimate mortality from

collisions with other lighted structures. Attraction to light at night

leads to avian mortality at buildings, monuments, cooling towers,

bridges, offshore platforms, ships, lighthouses, and wind turbines

[24,31,32], and the same group of species (Neotropical migrants)

are especially susceptible.

Our goal is to improve upon past estimates, which relied on a

very limited set of data and did not reflect current understanding

of the tower height–mortality relationship. Because of the nature

of the existing data on avian mortality at towers and the lack of a

systematic continent-wide survey effort, additional field studies will

be required to refine further our approach. Our results do,

however, increase both the transparency and accuracy associated

with the estimate of this source of avian mortality.

Methods

We assigned average mortality values to tower height classes

(every 30 m) using a regression of tower height by annual mortality

(following [26]). Longcore et al. [26] identified reports of birds

killed at 26 communication towers over at least two migratory

Table 1. Average search and scavenging rates taken from pesticide impact studies [42].

Habitat Body size Search rate (# study plots) Percentage lost to scavenging
Detection rates (studies combining
search and scavenging rates)

Shrub/wood edge Small-medium 41.0% (301) 20.9% 22.8% (94)

Shrub/wood edge Large 67.6% (29) - -

Bare/open Small-medium 64.6% (359) 28.4% 18.6% (56)

Bare/open Large 88.1% (17) - -

Search and detection rates are based on daily averages weighted by the number of study plots. Search rates represent the proportion of carcasses found over the total
number still present at the time of search. Scavenging rates represent daily measurements averaged over all plots without regard for the number of placed carcasses.
Search rates are undoubtedly at the high end of that which is possible because the search procedures were optimized, always including trained lines of searchers
spaced optimally for the habitat as well as the use of search dogs in some studies.
doi:10.1371/journal.pone.0034025.t001

Table 2. Assumed rates for search efficiency and scavenger removal by tower height and habitat type when not provided by
investigator.

Tower type and mortality
profile Habitat

Assumed proportion of
small birds located by
searcher

Assumed proportion of
small birds remaining
after scavenging Combined rate of detection

Height class 1 (0–200 m), sporadic
mortality, more localized

Open habitat 75% 80% 60%

Brush and other visual
obstructions

50% 85% 42%

Height class 2 (201–400 m), regular
mortality, more dispersed

Open habitat 65% 55% 36%

Brush and other visual
obstructions

40% 70% 28%

Height class 3 ($401 m),
dependable mortality, carcasses
widely dispersed

Open habitat 55% 30% 16%

Brush and other visual
obstructions

30% 55% 16%

doi:10.1371/journal.pone.0034025.t002
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seasons (e.g., spring and fall, two falls), consisting of a minimum of

10 total carcass-searching visits per site. We added figures from

additional studies [33,34], tested the sensitivity of the regression to

inclusion of studies, and developed adjustments for sampling effort,

search efficiency, and scavenging to produce estimates of

mortality.

Sensitivity of Tower Height–mortality Regression
We collected as many studies of bird mortality at communica-

tion towers as possible from the literature and, when necessary,

obtained raw data from study authors. Some studies had to be

dropped from our analysis (e.g., [28]) because we were unable to

obtain data from study authors and published reports did not allow

us to assign mortality to specific towers. Because the number of

tower studies available to us was finite, and because the choice of

studies may have influenced our results, we tested the extent to

which the regression was robust to sampling variation among the

towers available for analysis. We used a randomization and

resampling procedure to select random subsets of the 38 towers

included in the analysis. To explore a range of plausible tower

subsets that could produce a regression, we resampled subsets that

included just under half of the available towers (18) up to those

with one fewer than the complete dataset (37 towers) and re-

iterated the sampling procedure 5,000 times. We used the natural

logarithm of both the dependent and independent variables to

normalize their distributions.

Adjustment for Scavenging and Search Efficiency
Loss of birds to scavengers and failure to detect all dead birds

(search efficiency) are sources of error and variation in tower

studies. Some authors have opted to apply searching and

scavenging factors to final kill estimates (e.g., [28,35]). Recognizing

that search efficiency and scavenging losses are likely tower-

specific, we opted to correct the number of kills at each tower

before regressing these estimated losses against tower height.

We assumed that scavenging would be lower at a small tower

that sporadically generates only a few mortalities compared with a

well-established tall tower that kills birds reliably and therefore

maintains scavenger interest [36–39]. This assumption is support-

ed by high scavenging rates documented at tall towers such as

WCTV in Florida [20,36,38] and rapid increases in scavenging

when researchers provide carcasses [33]. Even with extensive

scavenger control efforts, Stoddard estimated that he was losing at

least 10% of bird carcasses to scavengers daily [40]. Therefore, we

adjusted our scavenging rate by tower height.

We assumed that it is easier to find carcasses under a short

tower because carcasses are likely to be less dispersed under

shorter guy wires or in the absence of guy wires. Whether the area

around the tower is bare or heavily vegetated will affect both

scavenging and search rates [41]. Open habitats with little

concealing vegetation are, predictably, more conducive to efficient

searching for carcasses [41]. Scavengers detecting prey by sight

can find the carcasses more easily as well. Notwithstanding the use

of smell by some carnivores to find prey, dense cover makes it

more difficult in general for both scavengers and searchers to find

carcasses [42]. Support for our assumptions about the effect of

cover on these rates is found in research on avian mortality caused

by pesticides, power lines, and wind turbines [41–45]. We avoided

attempts to calculate probability of detection by searchers that

involved the ‘‘life expectancy’’ of carcasses because these methods

are biased [46]. If a carcass was not found on the first search day,

the probability that it will be found on subsequent days is

considerably less than the average search rate would suggest.

Therefore, for the purpose of this analysis, the likelihood that a
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carcass was found more than one day after it was generated is

considered negligible. Removal of dead birds by scavengers at sites

with regular mortality also follows an exponential decay model

such that the probability of small dead birds remaining to be found

falls quickly following the mortality event [45,47].

We divided towers into height classes to which we could assign

differential search and scavenging rates. Based on breaks in the raw

tower mortality data, we chose to divide the towers into three height

classes: 0–200 m, 201–400 m, and $401 m. To assign search and

scavenging rates we relied on our published summaries of available

rates from a range of carcass searching contexts (Table 1) [41,42],

other existing studies and reviews [37,43,44,46,48], and values

reported at the towers in our dataset where these rates were

measured [28,33,34,49]. Taking into account patterns from these

data, we used tower height as well as any information about cover as

a way to assign search and scavenging corrections by height and

cover class to the towers for which these rates had not been measured

and reported by the authors (Table 2). All search and scavenging

rates, both measured and assigned, are reported in Table 3.

We investigated the sensitivity of our final results to these

assumptions about search efficiency and scavenging by recalcu-

lating our total mortality estimates while assigning the average

search efficiency and scavenging rates reported from those studies

that did estimate these rates. This approach tested the alternative

assumption that studies from all towers where search efficiency or

scavenging were not measured had the same search efficiency,

scavenging rate, or both, as did studies at the towers where they

were measured, regardless of the physical conditions at the tower

or the height of the tower.

Adjustment for Sampling Effort and Design
Studies included in the tower height–mortality regression varied

in sampling design and duration. Following Longcore et al. [26],

we required a minimum of 10 searches for a study to be included.

Authors of most of the studies used in the regression assumed that

most birds would be found by sampling during peak migration, on

bad weather days preceding or following the passing of a cold front

(e.g., J. Herron, pers. comm.), or both (Table 4). The logic behind

this approach is that many high avian mortality days are

correlated with these factors [31]. Nevertheless, ‘‘trickle kills’’ on

fair weather days even outside the typical migration period can

contribute substantially to overall mortality [40]. Substantial

mortality during clear and calm weather during the migration

season has also been documented [30,50] (Figure 1). For these

reasons we used raw data from two studies that carried out daily

carcass searches – WCTV Florida tower data from 1956–1967

initiated by Herbert L. Stoddard and Tall Timbers Research

Station [40] and North Dakota ‘‘Omega’’ tower [21,51,52] – as a

baseline to develop estimates of the effectiveness of the various

sampling designs for the 38 tower studies included in our dataset.

The Florida estimates were averaged over the 10 years of sampling

during which height of tower and predator control were the same;

the North Dakota estimates are for two years of sampling. When

the estimate was (partially) based on sampling outside the

migratory period (as defined), we used the Florida dataset, which

had continuous, year-round sampling. We did not, however,

correct upward all kill estimates to account for the trickle of kills

recorded in the non-migratory seasons. We believe, therefore, that

our estimates are conservative. To control for differences between

spring and fall migration we developed estimates for both spring

and fall separately.

To adjust for the kills between sampling days during the

migratory seasons we resampled (with replacement) daily mortality

data from the Florida and North Dakota datasets within each of

T
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the spring and fall migration periods by randomly selecting a

subset of days and summing avian mortality for the selected days.

We calculated average bird mortality for 5,000 iterations and then

used the ratio of the average bird mortality from the 5,000

iterations to the total number of birds killed during either spring or

fall migration or outside of the migration period to adjust mortality

estimates for studies without daily sampling. We averaged

estimates between the Florida and North Dakota datasets. This

adjustment was applied to studies where researchers sampled on

bad weather days (see below) and to those with weekly sampling

outside the migration period.

For studies that did not provide complete details on their

sampling design, we made simplifying assumptions (see below). If

more than one sampling strategy was used, we developed estimates

for each and used the sum as our overall estimate. For example,

sampling may have been done weekly (regular sampling) outside of

the migration period and also on ‘‘bad weather days’’ during the

migration period.

We defined the spring and fall migration periods as a 60-day

window before and after the migration peak for both spring and

fall for each dataset, recognizing that for some recent studies (e.g.,

[28]) monitoring only occurred during the three-week peak of

migration. We determined the peak for the Florida and North

Dakota datasets by plotting the number of birds killed (from the

raw data) against Julian date for all years of data combined and

using negative exponential smoothing.

Some investigators reported the total number of days sampled

during one or both migration periods and sometimes outside the

migration periods. When the sampling interval (e.g., weekly) was

identified in the study design, we constrained the resampling

procedure to randomly select a day within that sampling interval.

If no sampling interval was defined, selection was random.

Some investigators sampled on so-called ‘‘bad weather days’’ or

following bad weather nights, i.e., overcast, often associated with

advancing cold fronts and potentially including precipitation.

Usually no other information was provided to define bad weather

or the number of days when bad weather occurred. High bird

mortality at communication towers is correlated with bad weather

days [40,50,53]. This is shown by plotting ln(n+1)-transformed

daily mortality data from the Florida tower dataset for the 1956–

1967 fall migrations against the mean free airspace (distance

between the top of the tower and the bottom of the cloud cover).

Days where maximum free airspace was recorded were excluded

from analysis because measurements did not vary for total ceiling

greater than 610 m (2,000 ft). Mortality for days with mean ceiling

at the maximum was 4.0–8.0 birds per day (95% C.I., n = 871),

while mortality for all days with less than the maximum ceiling was

16.0–33.5 birds per day (95% C.I., n = 569). Considering these

remaining points, a linear regression reveals a highly significant

effect of mean free airspace, but also low explanatory power

(Figure 1). Based on these data, we used days with mean free

airspace equal to or below 335 m (1,100 ft) as an index of bad

weather days because mortality was significantly lower on days

with airspace greater than 335 m (10.3–17.8 birds per day, 95%

C.I., n = 387) compared with days with airspace below this

threshold (21.5–73.3 birds per day, 95% C.I., n = 182).

Figure 1. Relationship of bird fatalities to free airspace at WCTV Tower, 1956–1967. Raw data from Crawford and Engstrom (2001) were
used to plot daily bird fatalities against the mean free airspace between the top of the tower and the cloud ceiling each day. Days with maximum
ceiling were excluded. Daily avian mortality increases significantly as free airspace decreases (Ln(Bird Fatalities +1) = 1.443928 – 0.0016667 ? Mean
Free Airspace (m), R2 = 0.17, p,0.001).
doi:10.1371/journal.pone.0034025.g001
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For some studies, the only information provided was the

number of days sampled and the timing of sampling (during

migration or all year). For these studies we assumed that

researchers sampled on bad weather days during migration when

large bird kills at communication towers were expected, given that

this was the response obtained when we were able to contact

researchers to ask about papers where this detail was not provided

(e.g., J. Herron, pers. comm.).

Several researchers sampled only on days when so called ‘‘big

kills’’ were reported. The definitions of ‘‘big kill’’ were not

included. The typical daily trickle of dead birds for the Florida

dataset over the 1956–1967 period was five. We therefore defined

big kills as six or more birds located after any given night.

We investigated the sensitivity of our results to our assumptions

about sampling effort by varying these assumptions for the 13

studies in our dataset that either did not indicate the number of

days sampled or did not provide a definition of sampling design,

or did neither. Some researchers had indicated that they had

sampled on overcast or bad weather days or following bad

weather days. For all of these studies and for those that did not

mention anything specific, we made the conservative assumption

that towers were sampled on bad weather days. We then

recalculated the sampling adjustment and total mortality using

three different scenarios: 1) researchers sampled on bad weather

days and weekly during migration (e.g., [49]); 2) researchers

sampled on bad weather days and weekly all year (e.g., [33];

Table 5. Regression results for mean annual fatalities by tower height, when unadjusted, corrected for sampling only, corrected
for search efficiency and scavenging only, and corrected for both sampling and search efficiency/scavenging, with estimated
annual fatalities after back transformation, adjustment for bias, and application to all towers in the United States and Canada.

Slope Intercept R2
adj RMSE F P

Estimated annual
fatalities (million)

No corrections 2.8257 –10.8626 0.78 1.110 133.5046 ,0.0001 1.38

Sampling correction 3.0962 –11.9490 0.80 1.151 148.8302 ,0.0001 2.06

Searcher/scavenging correction 3.2024 –11.8012 0.82 1.110 171.2329 ,0.0001 4.31

Both corrections 3.4684 –12.8600 0.84 1.137 191.6163 ,0.0001 6.80

doi:10.1371/journal.pone.0034025.t005

Figure 2. Bird Conservation Regions and locations of towers used for tower height–mortality regression.
doi:10.1371/journal.pone.0034025.g002
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excludes 5 of the 13 studies that clearly indicated they only

sampled during migration); and 3) researchers sampled only

following big kill days, about which they were notified by

personnel at the tower (e.g., [5]).

Evaluation of Model Correction Factors
We plotted either raw carcass counts or mortality estimates

corrected for either sampling effort or search efficiency and

scavenging, or both, against tower height and looked for

improvements in the regression coefficient as an indication that

the corrections improved the model.

Description of Communication Towers and their
Characteristics

We used a Geographic Information System (GIS) to extract the

locations and characteristics of towers in the Antenna Structure

Registration (ASR) database maintained by the U.S. Federal

Communications Commission (FCC) and the NAV CANADA

obstruction database. The FCC data are freely available and we

purchased a license for the Canadian obstruction data for the

limited purpose of this study. We compared and crosschecked

these with the FCC’s microwave tower database and the

commercial TowerMaps database (also purchased, see http://

www.towermaps.com/), which provides locations of cellular

towers to potential lessees and incorporates both data for shorter

towers and information that was not included in the FCC

databases. We did considerable quality control on the tower data,

confirming from independent sources that all towers greater than

300 m existed. This was necessary because the data were prone to

multiple types of errors; for example, the FCC database included a

record claiming to be located in the ‘‘Land of Oz’’ in Kansas,

associated with geographic coordinates in Minnesota. Full details

of the quality assurance are available from the authors.

The NAV CANADA database did not contain comprehensive

information about either the presence of guy wires or the presence

and type of lighting. We therefore relied on data from the FCC

and TowerMaps datasets and assumed that lighting and guy wire

use was similar in both countries for towers of the same height

class, an assumption supported by the similarity in marking and

lighting standards between the two countries. The U.S. Federal

Aviation Administration requirements are found in the advisory

circular AC 70/7460-1K. Those of Canada are found in Standard

621 of the Canadian Aviation Regulations.

Calculation of Annual Mortality
Avian mortality was estimated with the antilogarithm of the

regression of the log transformed variables, which was adjusted for

transformation bias using the smearing estimator after testing to

confirm homoscedasticity of variance in the regression [54,55].

Most recorded tower kill events take place at guyed towers, and

steady-burning lights increase the probability of large tower kills

[26,28]. We assumed that unguyed towers caused 85% less

mortality than guyed towers (midpoint of 69–100% estimate in

[56]) and that towers without steady-burning lights caused 60%

less mortality than towers with such lights (midpoint of 50–71%

estimate in [28]). Following Longcore et al. [26], all estimates were

calculated assuming that when both seasons were not measured,

75% of annual mortality occurred during the fall and 25% during

the spring [40].

We overlaid locations of towers within each Bird Conservation

Region (BCR) in the study area and calculated the number of

towers in each 30 m height class for all towers $60 m. Bird

Conservation Regions are divisions defined by habitat and

topography that have been delineated for the purpose of bird

conservation by the North American Bird Conservation Initiative

and are endorsed by a range of bird conservation organizations

and government agencies. BCRs are based on the North

American ecoregions developed to promote international conser-

vation efforts [57]. For each height class within each BCR we

calculated the average number of birds killed per year, using the

tower height–mortality regression adjusted for sampling effort,

search efficiency, and scavenging as described above. For purposes

of calculating total mortality we included all towers in the

continental portions of the United States and Canada. Although

most literature on tower mortality in North America describes

studies from east of the Rocky Mountains, we included the West as

well for purposes of estimating total mortality, a decision

supported by records of tower mortality in Colorado [33], New

Mexico [58], and Alaska [59], in addition to documented kills at

lighthouses in California and British Columbia [60,61]. We did

not attempt to assign differential mortality for so-called flyways

because radar studies and other observations strongly support the

existence of ‘‘broad front’’ migration [62,63]. To investigate this

assumption, we plotted the residuals of the tower height–mortality

regression by their geographic coordinates and calculated Moran’s

I as a measure of spatial autocorrelation. We acknowledge that

local habitat factors may influence mortality at particular towers,

but because only 18.4% of towers were originally selected for

monitoring on the basis of knowledge of prior mortality (see

below), it is unlikely that these variations would result in a

systematic bias in the resulting mortality estimates.

To illustrate the contribution of each part of our adjustment to

the final estimate of mortality, we calculated the extrapolated

mortality estimates for the unadjusted mortality data, with the

sampling correction only, with the search efficiency and scav-

enging corrections only, and corrected for all factors.

Figure 3. Regression and 95% confidence intervals of annual
avian fatalities by tower height. Annual avian fatalities were
adjusted for sampling effort, search efficiency, and scavenging and
regressed by log-transformed tower height (Ln(Mean Annual Fatalities
+1) = 3.4684 ? Ln(Tower Height) – 12.86, R2 = 0.84, p,0.0001).
doi:10.1371/journal.pone.0034025.g003

Avian Mortality at Communication Towers

PLoS ONE | www.plosone.org 9 April 2012 | Volume 7 | Issue 4 | e34025



We do not report estimates of bird mortality at short (,60 m)

towers in this paper because they contribute negligibly to overall

annual bird mortality and are not usually illuminated unless

located near an airport. We note, however, that single-night

mortality events with several hundred identified dead birds at unlit

,60 m towers have been reported, often related to lighting at

adjacent infrastructure [30], which is consistent with reports from

turbines and towers monitored at industrial wind facilities [64].

Our analysis therefore applies to towers $60 m.

Results

Tower Height–mortality Regression
Towers used in the height–mortality regression were located

throughout the eastern United States (Figure 2). We were able to

confirm from original sources and personal communications that

68.4% of the towers were chosen for study with no prior

knowledge of avian mortality; status is unknown for 13.2% of

towers; and only 18.4% of towers were chosen with any knowledge

of prior avian mortality. Log-transformed annual avian mortality,

when adjusted for sampling effort, search efficiency, and

scavenging, was significantly explained by log-transformed tower

height in a linear regression (R2 = 0.84, F1,36 = 191.62, p,0.0001)

(Table 5; Figure 3).

Tower Height–mortality Regression Sensitivity to Study
Inclusion

The median R2 values of the resampled distributions are similar

to those obtained from using all of the available studies (Figure 4,

Table 6) and are not sensitive to the addition or elimination of a

few or a set of studies. The results of the resampling procedure for

subsets of 18 studies (a little under half of the studies) and for 37

studies (1 fewer than the total) show the range of influence that

study inclusion could have on the regression line (Table 6).

Evaluation of Model Adjustment Factors
Models using either sampling correction alone or the combina-

tion of sampling correction with the combined search efficiency

and scavenging correction were found to be superior to the model

using tower height alone at explaining annual kills (R2 = 0.84 vs.

R2 = 0.79; Table 5). Correcting for search efficiency and

scavenging losses appeared to provide the best improvement to

the overall model (Table 5).

Figure 4. Influence of study choice on tower height–mortality regression. Distribution of counts for R2 (adjusted), standard error, and
coefficient for 5,000 iterations (subset = 18 studies, left; subset = 37 studies, right) for a linear regression between the natural logarithms of tower
height (m) and mean annual fatalities.
doi:10.1371/journal.pone.0034025.g004
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Tower Characteristics
Our database of $60 m towers included 70,414 towers in the

continental United States and Canada after all quality assurance

and quality control was done (Figure 5). Most towers in the United

States dataset (31,486; 50.3%) were freestanding with steady-

burning lights at night, while the fewest towers (4,898; 7.8%) were

guyed with strobe lights at night. Some towers had strobe lights

during the day but red flashing and red solid lights at night so these

were included as having solid lights.

Total Mortality and Estimates by Bird Conservation
Region

Combination of the tower height–mortality regression with

estimates of reduced mortality at towers without guy wires or

steady-burning lights produced a matrix of mortality by height

class and tower characteristics. These estimates, already adjusted

for sampling effort, search efficiency, and scavenging, ranged from

zero for short unguyed towers to over 20,000 birds per year for the

tallest guyed towers with steady-burning lights.

The back-transformed tower height–mortality regression, ad-

justed for bias (smearing estimator) and applied to towers in the

continental United States and Canada, produced an annual

mortality estimate of 6.8 million birds per year (Table 5).

Extrapolation from the unadjusted data yielded an estimate of

1.4 million birds per year, meaning that our cumulative

assumption is that searchers find only around 20% of the birds

that are killed, because of search efficiency, scavenging, and

incomplete sampling (Table 5).

These results are sensitive to the assumptions that were made

about these factors. As an illustration, we calculated total mortality

while assuming a constant search efficiency equal to the average of

the measured search efficiency from those towers where this was

measured (36.4%), which resulted in a total mortality estimate of

9.4 million birds per year. Applying the average scavenging rate

(15.8%) to all towers resulted in a mortality estimate of 4.7 million

birds per year. Using both averages (for scavenging and search

efficiency) yielded an estimate of 6.4 million birds per year. For the

sampling effort adjustments, recalculated mortality estimates for

the three scenarios applied to studies with unknown sampling

schemes were: 5.4 million birds per year for sampling only on big

kill days, 5.7 million birds per year for sampling on bad weather

days and weekly year round, and 6.2 million birds per year for

sampling on bad weather days and weekly during migration only.

Finally, if we recalculate mortality after omitting all towers selected

with prior knowledge of any mortality on site (18.4% of our sample

of towers), the estimate of total mortality declines to 5.5 million

birds per year.

Over two-thirds of the estimated mortality is attributed to

towers $300 m, of which only 1,040 were found in our database

(1.6% of towers $60 m; Table 7). Fully 71% of mortality is

attributed to the tallest 1.9% of towers. Shorter towers (60–150 m)

Figure 5. Map of communication towers in the United States and Canada by height class. Data acquired from Federal Communications
Commission, Towermaps.com, and NAV CANADA.
doi:10.1371/journal.pone.0034025.g005

Table 6. Confidence intervals and median values for model
parameters using randomized subsets of 18 or 37 studies
(5,000 iterations).

Subset Parameter 5% 95% Median

18 studies R2 0.765 0.906 0.847

slope 3.087 4.061 3.474

intercept –16.205 –10.775 –12.882

standard error 0.919 1.331 1.345

37 studies R2 0.828 0.853 0.841

slope 3.414 3.591 3.465

intercept –13.556 –12.556 –12.845

standard error 1.093 1.153 1.146

doi:10.1371/journal.pone.0034025.t006
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contribute approximately 17% of all mortality because of their

sheer numbers (Table 7).

Our estimates of mortality vary by region, influenced both by

the size of the region and the number and height distribution of

towers (Figure 6; Table 8). The number of towers in each BCR

does not directly correlate with estimated annual mortality because

of differing numbers and heights of towers. As a result, Peninsular

Florida is associated with more mortality than all of Canada; even

though fewer towers are reported in Peninsular Florida, they are

on average much taller. The concentration of migrants resulting

from Florida’s geographic position would increase mortality even

more, but this factor is not considered in our method because

mortality rates for any given tower height are assumed to be

constant across the continent. The Southeastern Coastal Plain

BCR accounts for greater mortality than other BCRs, followed by

Eastern Tallgrass Prairie, Oaks and Prairies, and Piedmont

(Table 8). Canadian mortality accounts for only a fraction of the

total (approximately 3.2%), because Canada has far fewer, and

generally shorter, towers.

Table 7. Number of communication towers $60 m by type and associated avian mortality estimates for Canada and the
continental United States.

Country
Height class
(m)

Guyed towers
with steady-
burning lights

Guyed towers
with strobe
lights

Unguyed towers
with steady-
burning lights

Unguyed
towers with
strobe lights

Annual
fatalities

Percent of
fatalities

United States 60–90 5,901 863 17,693 2,575 115,524 1.76%

90–120 10,023 1,696 10,004 1,683 531,411 8.07%

120–150 2,938 505 2,922 488 377,542 5.74%

150–180 1,992 311 661 101 468,600 7.12%

180–210 343 46 107 12 142,679 2.17%

210–240 174 54 51 11 126,507 1.92%

240–270 109 57 29 16 131,379 2.00%

270–300 76 61 18 14 146,530 2.23%

300–330 271 128 0 0 642,858 9.77%

330–360 115 28 0 0 345,255 5.25%

360–390 78 22 0 0 317,130 4.82%

390–420 47 16 0 0 254,809 3.87%

420–450 35 10 0 0 238,450 3.62%

450–480 66 23 0 0 579,458 8.80%

480–510 25 10 0 0 277,580 4.22%

510–540 24 8 0 0 319,300 4.85%

540–570 8 9 0 0 165,120 2.51%

570–600 18 15 0 0 410,068 6.23%

600–630 38 27 0 0 991,745 15.07%

Subtotal 22,282 3,888 31,486 4,898 6,581,945 100.00%

Canada1 60–90 627 323 1,880 968 13,980 6.34%

90–120 1,295 284 1,295 284 69,981 31.72%

120–150 251 55 251 55 32,797 14.86%

150–180 92 23 31 8 22,363 10.14%

180–210 44 11 15 4 19,085 8.65%

210–240 19 5 6 2 13,757 6.24%

240–270 6 2 2 1 6,640 3.01%

270–300 3 1 1 0 4,884 2.21%

300–330 9 4 0 0 21,267 9.64%

330–360 3 1 0 0 8,973 4.07%

360–390 1 0 0 0 2,996 1.36%

390–420 1 0 0 0 3,912 1.77%

Subtotal 2,349 709 3,480 1,321 220,650 100.00%

Total 24,631 4,597 34,966 6,219 6,802,595

1Tower attributes (guy wires, lighting type) for Canada are extrapolated from proportions in the United States because these attributes are not found in the NAV
CANADA database.
doi:10.1371/journal.pone.0034025.t007
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Although we extended mortality estimates to all towers in

Canada and the continental United States, few studies are

available from the West (Figure 2). This may be a function of a

higher number of nocturnal migrants in the East, different patterns

of migration, different weather patterns, or it may simply reflect

the fewer and shorter towers in the West as a whole. We

investigated the effect of location on annual mortality by regressing

the residuals of our height regression against longitude and also by

testing the residuals for spatial autocorrelation. The resulting plot

showed slightly higher mortality in the East, but the relationship

was not significant and was largely driven by a single data point in

Colorado. Residuals were not spatially autocorrelated using

inverse Euclidean distance weighting (Figure 7; Moran’s I = 0.09,

z = 0.23, p = 0.816). More comprehensive surveys of towers in the

West are needed to see if the lower mortality at the site in

Colorado represents an anomaly or a different pattern of mortality

in the West. Pending such further analysis, extrapolation of

mortality at towers in the western portions of the United States

and Canada should be regarded as provisional.

Discussion

Our total mortality estimate of 6.8 million birds per year is

,50% greater than the current USFWS estimate of 4–5 million

birds per year [14,15,23,24]. Our results do not support the

suggestion that mortality might be an order of magnitude higher

[14,15], which had been made before this type of synthetic analysis

had been attempted. Our approach to estimating total avian

mortality at towers uses far more data than previous efforts. For

example, Banks’s [13] estimate was based on mortality rates from

only three tower studies and assumed that all towers caused the

same rate of mortality, regardless of tower height. Our method

incorporates evidence from 38 towers to establish the relationship

between tower height and avian mortality. We accounted for the

height distribution and physical characteristics of ,84,000 towers

across the United States and Canada (including towers ,60 m,

which we mapped but did not include in our mortality estimates).

Notwithstanding the sources of uncertainty in our estimate, the

method improves previous efforts, is transparent, and can be

revised in conjunction with additional field studies.

Although mortality at some towers has apparently declined over

time [31], the influence of any such trend (if a true decline in

mortality and not the result of increased scavenging) is offset by the

large portion (.50%) of towers in the regression having survey end

dates after 1990. If only these studies ending after 1990 are used in

the regression, the total mortality estimate decreases to 4.8 million

birds per year. The residuals of the tower height–mortality

regression, however, are not significantly explained by the ending

year of the survey (results not shown) so we did not exclude the

older studies from our final regression. Even if the decline in

number of birds killed at towers is a real phenomenon, the effect of

these kills on sensitive species could still be substantial if

populations have declined by a greater proportion.

Estimated tower mortality increases exponentially with tower

height [26], which makes our results sensitive to the use of the

height classes. For example, if we used the top of each height class

rather than the middle to calculate total mortality, the estimate

would increase by 25%. The use of the height classifications was

necessary for ease of calculation and because attributes of the

Canadian towers that were not known had to be assigned

probabilistically. We used log transformations of both variables to

normalize the distributions and because the total volume of

airspace occupied by guy wires increases far more rapidly than

does height. The increasing length of guy wires provides a

mechanistic explanation for the exponentially increasing proba-

bility of avian collisions as tower height increases. Extremely tall

towers also extend into the ‘‘normal’’ flight altitudes of many

migrants so that mortality events can occur under clear skies and

favorable migration conditions; this provides another plausible

mechanism for the exponential increase in mortality rates

observed by height. We also considered using separate regressions

for towers less than and greater than 200 m, given the break in the

data, but found that doing so had little effect on the overall

Figure 6. Estimated annual avian mortality from communication towers by Bird Conservation Region. High mortality estimates in
Peninsular Florida and Southeastern Coastal Plain reflect the more numerous and taller communication towers in these regions.
doi:10.1371/journal.pone.0034025.g006
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estimate and we could not formulate a functional explanation why

the tower height–mortality relationship should change in this

manner.

Further research is needed on the mortality rates at the tallest

towers (i.e., .500 m). These data are needed to confirm that the

tower height–mortality relationship is exponential [26]. The

nature of this relationship is important because it leads directly

to a policy recommendation of focusing on the tallest towers first

for mitigation. If more extensive tower datasets show a different

relationship (e.g., logistic) then mitigation actions would be much

different, requiring treatment of many more towers to address the

same proportion of mortality.

Producing this estimate of avian mortality at towers required

many assumptions, the implications of which we have explored to

the degree possible with the data available. By undertaking this

exercise, we have reaffirmed what elements should be included in

tower studies going forward – explicit measurement of search

efficiency, scavenging rates, and the effect of sampling schemes for

any study, as well as investigation of geographic variation in

mortality and inclusion of towers representative of the extremes of

Table 8. Total estimated annual avian mortality at towers $60 m in the United States and Canada by Bird Conservation Region
(BCR).

BCR USA (lower 48 states) Canada Alaska Total

1–Aleutian Bering Sea 0 0

2–Western Alaska 155 155

3–Arctic Plains and Mountains 542 83 625

4–Northwestern Interior Forest 288 2,228 2,516

5–Northern Pacific Rainforest 21,170 2,411 333 23,914

6–Boreal Taiga Plains 24,591 24,591

7–Taiga Shield and Hudson Plains 2,754 2,754

8–Boreal Softwood Shield 20,650 20,650

9–Great Basin 20,744 339 21,083

10–Northern Rockies 8,653 1,925 10,578

11–Prairie Potholes 265,244 63,032 328,276

12–Boreal Hardwood Transition 139,535 34,564 174,099

13–Lower Great Lakes/St. Lawrence Plain 83,185 51,175 134,360

14–Atlantic Northern Forest 36,469 18,378 54,847

15–Sierra Nevada 343 343

16–Southern Rockies/Colorado Plateau 29,175 29,175

17–Badlands and Prairies 54,040 54,040

18–Shortgrass Prairie 243,791 243,791

19–Central Mixed-Grass Prairie 333,211 333,211

20–Edwards Plateau 81,827 81,827

21–Oaks and Prairies 469,889 469,889

22–Eastern Tallgrass Prairie 754,928 754,928

23–Prairie Hardwood Transition 278,788 278,788

24–Central Hardwoods 346,796 346,796

25–West Gulf Coastal Plain/Ouachitas 321,983 321,983

26–Mississippi Alluvial Valley 185,746 185,746

27–Southeastern Coastal Plain 1,107,118 1,107,118

28–Appalachian Mountains 263,368 263,368

29–Piedmont 448,533 448,533

30–New England/Mid-Atlantic Coast 96,197 96,197

31–Peninsular Florida 341,774 341,774

32–Coastal California 99,873 99,873

33–Sonoran and Mojave Deserts 50,179 50,179

34–Sierra Madre Occidental 875 875

35–Chihuahuan Desert 16,559 16,559

36–Tamaulipan Brushlands 105,545 105,545

37–Gulf Coastal Prairie 373,609 373,609

Total 6,579,147 220,649 2,799 6,802,595

doi:10.1371/journal.pone.0034025.t008
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the height distribution. Such research will help refine our

regionalized mortality estimates.

In 1989, the Exxon Valdez oil spill killed approximately

250,000 birds in what has become the benchmark for a major

environmental disaster [65]. Our estimates show that communi-

cation towers are responsible for bird deaths equivalent to more

than 27 Exxon Valdez disasters each year. Our estimate of the

number of birds killed annually by communication towers is 2–4

times greater than the estimate for annual fatalities from lead

poisoning before lead shot was phased out for hunting waterfowl

[66]. Previous efforts (e.g., [25]) and our compiled database

illustrate that most of the birds killed at communication towers are

Neotropical migrants, which have suffered population declines and

many of which are formally recognized as ‘‘Birds of Conservation

Concern’’ [67,68]. Data on per species mortality would provide

even more clarity about the biological significance of avian

mortality at communication towers. In a companion manuscript,

we estimate species-specific losses based on total losses estimated

here and species-specific casualty reports for Bird Conservation

Regions following methods we developed previously [35]. But

even without such estimates, the aggregate mortality numbers

developed here should lead policymakers to pursue mitigation

measures to reduce this source of chronic mortality.

Mitigation of avian mortality at communication towers could

most practicably be achieved by implementing several measures:

1) concomitant with permission from aviation authorities, remove

steady-burning red lights from towers, leaving only flashing (not

slow pulsing) red, red strobe, or white strobe lights [24,26,28,31];

2) avoid floodlights and other light sources at the bases of towers,

especially those left on all night [64]; 3) avoid guy wires where

practicable [26,28]; 4) minimize the number of new towers by

encouraging collocation of equipment owned by competing

companies; and 5) limit height of new towers when possible.

Concentrating on removing steady-burning lights from the

roughly 4,500 towers $150 m tall in the United States and

Canada with such lights should be a top priority because,

according to our model, it would reduce overall mortality by

approximately 45% through remedial action at only 6% of lighted

towers.
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