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best PRACtiCes FoR biRd sAFetY

Building Operations
Objective: 
Further reduce light 
trespass through 
operational procedures. 
Implement monitoring 
programs to determine 
bird-collision areas 
and success of light 
reduction.

GREAT .STRIDES .CAN .BE .MADE .to .reduce .light .pollution .from .buildings .during .normal .building .operations . .These .strategies .
apply .to .new .and .existing .buildings .and .often .require .the .commitment .and .participation .of .both .building .owners .and .users . .In .addition, .
implementing .bird-collision .monitoring .practices .will .help .identify .problem .areas .of .a .building .or .site .

ConsideR dAYtiMe CLeAninG ConsideR LiGhts out

ConsideR biRd MonitoRinG

Cleaning during normal work 
hours is becoming more common  
and can reduce bird mortality and 
light pollution. Such a schedule 
reduces energy consumption 
and enhances security. if cleaning 
during the day is not an option:

 � Complete nightly maintenance 
activities before midnight or 
earlier. 

 � instruct cleaning crews to work 
down from the upper stories, 
turning off lights as they go.

implementing daily bird-collision 
monitoring provides valuable 
information for science and for 
prioritizing building retrofits.

 � Sweep the building perimeter, 
setbacks, and roof daily for 
injured or dead birds.

 � Note specific times, dates and 
locations of birds that are found.

 � Work with Project BirdSafe to 
document all bird deaths and 
assist injured birds. Most birds 
are protected by the Migratory 
Bird Treaty act of 1918.

Lights Out programs are city or state-wide initiatives designed to 
reduce light pollution and bird mortality. in Minnesota, Lights Out 
is coordinated by audubon Minnesota’s Project BirdSafe using these 
parameters:

 � Building owners and facility managers extinguish all unnecessary 
exterior and interior lights from at least midnight to dawn especially 
during bird migration periods:

 � (Spring) March 15 to May 31

 � (fall) april 15 to august 31

 � Priority lights include: exterior architectural lighting; interior lighting 
especially on upper floors; lobby and atrium lighting.

Clean buildings from the top down the iconic Wells Fargo building was the first to sign on to lights Out in Minnesota 

Bird monitoring pinpoints problem areas
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it is also recommended that building managers work with Project 
BirdSafe to monitor the effectiveness of Lights Out programs by 
tracking bird collisions and mortality rates. in addition, tracking light 
emission reductions and cost savings can provide valuable statistics.

sign on to Lights out at mn.audubon.org
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Comprehensive Site Strategy

Blue-winged Warbler

The overall rate of collisions at a given building is based on 
many variables. Solutions can be implemented at the initial 
design stage or with modifications or operational changes. 
The following examples represent a comprehensive bird-
friendly site strategy.

a. Treatment applied to glass projecting visual markers to 
make it visible to birds

B. Task lighting in use after dark 

C. Blinds drawn after dark

d. Lights off after work hours

e. awning blocks reflections on lobby windows from above

f. Glass effectively angled to reduce strike angle and project 
reflections downward

G. Bird-friendly site ventilation grates

H. Use of lighting fixtures effectively projecting light 
downward
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best PRACtiCes FoR biRd sAFetY

Modifications to existing Buildings
Objective: 
Undertake alterations 
or retrofits to buildings 
with high incidence of 
bird collisions.

IMPLEMENTING .BIRD-SAFE .STRATEGIES .for .new .buildings .
provides .important .opportunities .to .protect .birds .through .design . .
However, .new .buildings .represent .only .a .small .fraction .of .those .
responsible .for .bird .fatalities . .Retrofitting .existing .buildings .is .an .
important .challenge .and .opportunity .to .help .reduce .bird-building .
collisions . .Systematic .site .analysis .and .bird .monitoring .can .dictate .
priorities .for .building .modifications, .programmatic .enhancements .
and .landscape .adjustments .to .benefit .birds .

ConsideR YouR buiLdinG And site

This checklist summarizes conditions that contribute to bird injury and 
mortality. it may be used towards an initial evaluation of new and existing 
buildings for potential problems.

region
 Within Migratory route  
 Proximate to Migratory Stopover destination

Locale
 Near attractive Habitat areas
 dense Urban Context (reduced Sky Visibility)
 fog-Prone area

Site
 Nearby Trees and Shrubs   
 adjacent to Grassy Meadows
 Water features/Wetlands   

façade Glass Coverage (Overall Percentage) 
 Less than 20% 
 Between 20 and 35%   
 Between 35 and 50%
 Over 50%

Special features
 Unbroken Glass expanses at Lower Levels
 Courtyard(s) 
 Transparent Corners 
    Glazed Passageways
    Glazed Site dividers/Bus Shelters 

Glazing Characteristics 
 Tinted
 reflective
 Mirrored

dusk and Night-Time illumination
 external facade Up-Lighting
 Non-Cut-Off exterior Lighting
 Spill of interior Lighting

Other Building elements
 antennae
 Spires  
    Guy-Wires Le

ed

Coordinate with Leed Credits   
eQ 8.1 & 8.2 daylight & Views
ea 1 Optimize energy Performance

Specific bird-collision problem areas can be identified and targeted for 
intervention during routine building maintenance activities.

 � analyze your building facility and site to determine the presence and 
extent of bird collision hazards. Use checklist at right.

 � integrate bird monitoring efforts with daily maintenance. See “Bird 
Monitoring” page 26.

 � Undertake retrofits and other strategies to reduce bird collisions.

 � Continue monitoring building(s) to determine the effectiveness of 
retrofits in reducing or eliminating bird mortality.

identify problem areas

CheCKList oF biRd CoLLision LiAbiLities
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ConsideR ModiFiCAtions

Create a physical barrier at notably hazardous windows to deter birds 
or reduce the momentum of their impact.  

 � install netting over problem windows.  

 � Mount exterior coverings or insect screens.

 � incorporate latticework, artwork, shading or shielding devices outside 
glass. 

Make interior changes to indicate glass barrier or remove attractants.

 � install and operate window blinds, shades, or curtains to hide interior 
views of plants and hiding places.

 � Close curtains or blinds after dark if the interior is illuminated. 

 � relocate or shield interior plantings, water sources, and other features 
that may be contributing to bird collisions.

 � install artwork or screening just inside glass to be clearly visible from 
outside at all angles.

Retrofit problematic windows and facades which cause birds to 
attempt to fly through glass or fly to reflections of habitat or sky. While 
creating visual barriers for birds, these strategies can simultaneously 
improve daylighting, save on energy costs, and enhance aesthetics.

 � install transparent or perforated patterned, non-reflective window films 
that make glass visible to birds. 

 � Consider painting, etching or temporarily coating collision prone 
windows to make them visible to birds.

 � add decorative exterior screening and/or solar shading devices, 
including louvers, awnings, sunshades, and light shelves.

 � Consider re-glazing existing windows that experience high rates of bird 
collisions with translucent, etched, frosted, or fritted glass. 

 � Consider replacing large existing windows with multiple smaller units, 
divided lights, translucent, or opaque sections.

Window film eliminated collisions in this courtyard at Patuxent Refuge in Maryland Window screening by Birdscreen installed at Rowe Audubon sanctuary in nebraska

if monitoring reveals bird collisions, building retrofits usually focus on eliminating reflections and fly-through effects or creating physical barriers. 
Many design strategies for new buildings and building operational changes (pages 16-26) can be used to improve existing buildings for birds. 
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best PRACtiCes FoR biRd sAFetY

Creative use of graphics can serve program needs and simultaneously 
create glazing opacity.

 � Utilize decorative window films and banners to announce programs, 
enhance aesthetics, and display artwork.

 � Consider rotating art displays in problematic windows during each 
migration season or on a more permanent basis. Such displays should 
create enough visual noise to be seen clearly from outside the glass at 
all angles.

 � research public art programs in your area as a way of encouraging 
window art displays.

ConsideR oPeRAtionAL ChAnGes

in addition to incorporating bird monitoring with routine maintenance 
and security operations, an existing building that is experiencing bird 
collisions can consider other operational changes.

 � institute the practice of cleaning during the day to reduce light pollution 
and energy consumption, enhance security, and save money.

 � educate building users about the dangers of light trespass for birds.

 � incorporate lighting design changes to reduce spill light and automate 
lighting systems.

 � adopt a Lights Out policy for building and site.

 � Utilize minimum wattage fixtures to achieve required lighting levels.

ConsideR LAndsCAPe enhAnCeMents

Generally the most effective way to solve bird-collision issues is by 
dealing with reflective or transparent glass issues as outlined on pages 
20-21. Sometimes, it is possible to alter landscaping to improve bird 
safety at specific sites.

 � Consider moving or shielding habitat that is being reflected in windows 
or is a lure from the other side of clear glass (fly-through effect).  

 � To address problematic glass windows, consider planting or re-locating 
trees and shrubs close to the building within a maximum of three feet. 
This planting strategy can block access to habitat reflections and birds 
alighting in these trees will not have the distance to build momentum 
on a flight path towards the glass. Such plantings can also provide 
beneficial summertime shading and reduce cooling loads. 

 � Create a green screen for foliage to grow adjacent to building exterior 
offering shading and visibility to birds. 

 � See “Site and Landscape design” pages 16-17.

dayshift cleaning 
cost savings are 
estimated at 4-8% per 
year. That translates 
to $145,790 – 
$291,581 for a 
building like the idS 
Center in Minneapolis 
or up to $10 million 
a year if incorporated 
throughout the city. 25

Le
ed

Coordinate with Leed Credits   
SS 8.0 Light Pollution reduction
eQ 6.1 Controllability of Systems: Lighting
SS 5.1 Protect or restore Habitat

ConsideR PRoGRAMMAtiC oPPoRtunites

Community art displays, like this one at st. Paul travelers, can reduce bird collisions
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ConCLusion

Hope for the future
BIRDS .HAvE .CAPTURED .OUR .HEARTS .throughout .history . .
We .are .captivated .by .their .songs, .their .colors .and .their .unlikely .
feats .of .endurance .during .migration . .Birds .have .penetrated .our .arts, .
literature .and .even .hijacked .our .leisure .time . .And .birds .are .indicators .
of .the .state .of .our .world . .We .all .have .a .stake .in .their .future . .

While .the .challenges .we .all .face .in .protecting .biodiversity .seem .
daunting, .solutions .abound . .With .commitment .we .can .halt .and .
reverse .the .decline .of .birds .and .their .habitats . .Reducing .hazards .
to .birds .navigating .our .built .environment .is .one .way .to .make .a .
positive .difference . .Armed .with .the .knowledge .and .best .practices .
included .in .these .guidelines, .we .can .incorporate .bird-safe .strategies .
in .our .approach .to .new .construction . .And, .with .examples .of .other’s .
successes, .we .can .modify .existing .structures .to .reduce .their .toll .on .
birds . .In .either .case .we .need .to .take .action . .

We .have .great .potential .in .our .urban .centers .to .engage .people .– .from .
residents .to .community .leaders, .from .students .to .executives .– .in .
making .changes .that .help .us .all .co-exist .with .nature . .Being .“green” .
is .now .a .pervasive .desire .expressed .in .our .product .choices .in .the .store, .
our .design .choices .in .our .buildings .and .in .our .guiding .principles .as .
a .culture . .Incorporating .the .needs .of .birds .is .a .logical .progression .in .
our .concept .of .sustainable .design .and .development . .Working .across .
disciplines .using .intellect .and .creativity .can .yield .untold .benefits .for .
people .and .for .birds .in .the .future .

Architects, designers and biologists working together are our best hope for the future

A polycarbonate core makes this glass visible to birds (iit student Center, il) Warblers like this Chestnut-sided will benefit from our creativity and collaboration
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The Minneapolis Central Library incorporates bird-safe design 
techniques in several ways. its variegated and curtained facade presents 
an identifiable pattern to birds, while an indigenous shale and birch 
garden at the building’s north perimeter filters views to and from the 
main level reading rooms. This technique of planting very close to a 
building facade, in addition to providing shade, prevents incidents of 
fatal bird strike. Birds cannot see reflections cast upon the glass and are 
less likely to develop fatally high speed collision rates due to the close 
proximity of planting to glass. The Library’s central atrium features 
angled glass, a dramatic architectural feature that also greatly eliminates 
reflections of habitat and sky from most angles. The likelihood of fatal 
collisions at this angle is also greatly reduced.

MinneAPoLis CentRAL LibRARY - Minneapolis, MN

▪ architects: Pelli Clarke Pelli architects ▪ Landscape design: Coen + Partners ▪ architectural alliance

CAse studies 

New Construction

Solution: Visual 
Noise

Solution: Vegetation 
near building

Problem: reflection

Problem: 
Transparency
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AquA toWeR - Chicago, iL

▪ architects: Studio Gang architects 

Solution: Screen / 
scrim / fritting

Solution: Visual 
Noise

Problem: reflection

Problem: 
Transparency

The aqua Tower is a new Chicago landmark and the winner of the 2009 
emporis Skyscraper award for high-rise architecture. This 82-story 
residential and commercial tower is a departure from the modern 
sheer glass skyscraper, incorporating an undulating pattern of exterior 
terraces which create an organic façade. architect Jeanne Gang and her 
team not only aspired to create the natural look of eroded cliffs with 
the wavering terraces, they also convinced the developer to use fritted 
glass with a grey dot pattern and picketed railings on the balconies, all to 
enhance bird-safety. Gang has long been an advocate of bird-safe design 
and has incorporated bird-safe strategies in a number of her projects.  

studiogang.net

This renovation and 75,000 square foot addition to an existing science 
facility was planned to create a series of outdoor courtyards that took 
advantage of the site’s beneficial topography and mature trees. Sensitive 
to the liabilities of extensive glazing placed near attractive landscapes, 
the College and its architect consulted ornithologist daniel Klem who 
proposed patterning portions of the glass at potential collision “hot 
spots.” after testing several configurations, the designers decided to use 
a glass with a ceramic frit matrix at locations deemed susceptible to bird 
collision. Swarthmore engineering professor Carr everbach designed a 
“thump sensor” webcam for installation next to windows to detect bird 
collisions. according to Klem, collisions have been reduced significantly 
to a mere one or two a year, giving Swarthmore confidence to extend 
the treatment to other campus buildings.

archnewsnow.com/features/Feature171.htm

sWARthMoRe CoLLeGe uniFied sCienCe CenteR - Swathmore, Pa

▪ architects: Helfand architecture and einhorn Yaffee Prescott ▪ Landscape design: Gladnick Wright Salameda; ML Baird & Co.
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This Town building with reflective glass and a solarium entrance has 
long been a site of bird strikes. The environment is one of six strategic 
goals for Markham Council. One of the town Councilors, Valerie Burke, 
championed bird-friendly buildings and design as an integral aspect of 
the environment. Town staff worked with fLaP and The Convenience 
Group to develop and apply a patterned window film to address the bird 
collision problem. 

This is the first application of a bird-friendly window film on a municipal 
building in the Greater Toronto area. initial results indicate the film is 
very effective in eliminating collisions. This application could serve as a 
highly influential tool for convincing building managers and governments 
at all levels to make their structures bird-friendly.

flap.org/markham.htm

toWn oF MARKhAM – Markham, Ontario, Canada

▪ The Convenience Group ▪ The fatal Light awareness Program (fLaP)

retrofitting existing Buildings

This green building demonstration project, completed in 2001, was built 
adjacent to a wetland. its glazed elevations, while affording intimate 
views of the natural surrounding, caused bird fatalities. The problem was 
successfully remedied through a partial retrofit with fine netting.

CusAno enviRonMentAL eduCAtion CenteR – Philadelphia, Pa - John Heinz National Wildlife refuge

Solution: Use 
of plastic films, 
diachroic coatings 
and tints on facade

Problem: reflection

Solution: Screen / 
scrim / fritting / net

Problem: reflection

Problem: 
Transparency

CAse studies 
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New York City audubon’s Project Safe flight volunteers identified the 
six-story Morgan Mail Processing facility as a high-collision site. The 
building had a full city block of black reflective spandrel panels facing a 
park. Birds in the park were hitting the building because of the habitat 
they saw reflected in Morgan Mail’s façade. alerted to NYC audubon’s 
mortality findings, postal officials worked with SurfaceCare to resolve 
this problem. They applied a vinyl black matte signage film to the 
exterior on all 440 (8’ by 5’) panels of glass (left, during installation). 
The solution was a success and the building went from being one of New 
York’s deadliest buildings for birds to one of its safest.

nycaudubon.org

surfacecareusa.com

MoRGAn MAiL – Manhattan, NY

▪ SurfaceCare ▪ New York City audubon

Solution: Use 
of plastic films, 
diachroic coatings 
and tints on facade

This glass pavilion positioned directly adjacent to Lake Michigan encloses 
the adler Planetarium’s exit stair. Noting that it was causing bird death 
and injury, the Museum maintenance staff sought to address the problem 
first through the application of traditional bird decals. When that 
solution proved ineffective, they subsequently upgraded to this painted 
striping system for the glass fronting the lake, which has largely solved 
the problem.

AdLeR PLAnetARiuM – Chicago, iL

Solution: Screen / 
scrim / fritting

Problem: 
Transparency

Problem: reflectionn
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HealthPartners signed on to participate in the Lights Out program 
in Minnesota as soon as they heard about it in the local media. They 
embraced Lights Out and incorporated it along with other facility-wide 
energy saving measures. Because they are a healthcare company and 
house a department of 24 hour on-call phone agents, HealthPartners did 
have certain interior lights in use all night long. in response, the company 
moved those employees to the lower level of the building and into the 
interior in order to allow the perimeter lights to be extinguished at 
night. HealthPartners has also hosted an informational session about 
birds for their employees and monitors the building for birds. in fact, 
they have made bird monitoring part of their landscaping contract and 
work with Project BirdSafe to document and take care of any birds they 
find.

heALthPARtneRs – Bloomington, MN

Building Operations

Solution: Lights out

Solution: Lights out

Problem: Beacon 
effect, illumination

Problem: Beacon 
effect, illumination

Problem: reflection

stAte oF MinnesotA – Lights Out Law

in May 2009 the State of Minnesota passed legislation requiring 
occupants of state-owned or state-leased buildings to attempt to 
reduce dangers posed to migrating birds by turning off unnecessary 
lights between March 15 to May 31 and august 15 to October 31 from 
midnight to dawn. The law allows the Commissioner of administration 
to adopt policies for the practical implementation of this law for prisons 
and other facilities that depend upon night lighting. The Lights Out law 
was sponsored by State representative Phyllis Kahn (dfL – Minneapolis) 
and inspired by audubon Minnesota’s Lights Out program. 

Chapter 101, article 2, Section 54 [16B.2421] Bird-Safe BUiLdiNGS 

hennePin CountY – dayshift cleaning

Starting in March 2010 about half of Hennepin County Minnesota’s 
63 buildings transitioned to day shift cleaning to save on electricity, 
heating and cooling costs. Savings are expected to be at least $100,000 
annually. With this move, Hennepin County joined a trend that has been 
popular in the private sector for some time. While day-shift cleaning is 
generally initiated as a cost-savings measure, it has many other positive 
side-effects for workers and for the environment. The reduction in 
greenhouse gas emissions and decrease in light pollution from interior 
lights make daytime cleaning a very positive move for the birds.   

bluegreenalliance.org/press_room/press_releases?id=0064 
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CAse studies 
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Products and innovations

ResouRCes

Translucent and decorative Glazing:

3Form (3-form.com)

Bendheim (bendheim.com)

Cabont nanogel/Aerogel (cabot-corp.com)

goldray industries (goldrayindustries.com)

kalwall (kalwall.com)

Major industries (majorskylights.com)

schott (us.schott.com)

tg P/Pilkington Profilit (tgpamerica.com)

viracon (viracon.com)

decorative Ceramic fritting:

goldray industries (goldrayindustries.com)

Oldcastle glass (oldcastleglass.com)

viracon (www.viracon.com)

PPg industries (ppg.com)

applied Window films and Spectrally Selective Glass:

Arnold glas, Ornilux (glaswerke-arnold.de)

Collidescape (fetchgraphics.com)

solutia / CPFilms inc. (cpfilms.com)

surfaceCare usA (surfacecareusa.com)

the Convenience group (conveniencegroup.com)

u.s. dept. of energy (eere.energy.gov) 

electrochromic Glass:

sage electrochromics inc. (sage-ec.com)

smart glass international (smartglassinternational.com)

While . .product .innovations .continue .to .emerge, .many .currently .available .products .have .potential .bird-safety .features .even .if .they .were .
developed .for .other .purposes .such .as .balanced .daylighting, .innovative .aesthetics, .building .safety .and .security, .and .energy .efficiency . .

The .following .material .sources .may .contribute .to .bird .safety .for .new .or .existing .buildings . .Products .and .manufacturers .listed .below .are .for .
information .only, .and .are .neither .recommended .nor .endorsed .by .Audubon .Minnesota .and .its .Project .BirdSafe .partners .

architectural Metal Mesh:

Cambridge Architectural (cambridgearchitectural.com)

gkd Metal Fabrics (gkdmetalfabrics.com)

johnson screens (johnsonscreens.com)

Building-integrated Photovoltaics:

PowerFilm (powerfilmsolar.com)

uni-solar (www.uni-solar.com)

ARCh Aluminum and glass (archaluminum.net)

exterior Louvers and Sunscreens:

hunter douglas Contract (hunterdouglascontract.com)

industrial louvers inc. (www.industriallouvers.com)

nysan shading systems (nysan.com)

savannah trims (suncontrolers.com)

façade-integrated Leds:

Cambridge Architectural (cambridgearchitectural.com)

gkd Metal Fabrics (gkdmetalfabrics.com)

schott (us.schott.com)

Window Treatments and Banners:

Banner Creations (bannercreations.com)

Biographix (rainierdisplays.com/biographix.html)

exterior Coverings, Nettings, Screening:

Bird-B-gone (birdbgone.com)

nixalite bird exclusion netting (nixalite.com)

stealthnet (birdbarrier.com)

topRite netting (cutlersupply.com) 
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Local resources

ResouRCes

 � bird Collision Monitoring: Project BirdSafe volunteers conduct 
surveys daily during migration along established research routes. 
Surveys can also be started at any interested building in conjunction 
with the project. Surveys involve collection of injured and dead birds 
resulting from building collisions in accordance with established bird 
monitoring protocols. Visit mn.audubon.org/birds-science-education/
project-birdsafe 

 � important bird Areas (ibA): This international conservation 
effort identifies, designates, monitors and conserves the most valuable 
habitats for birds. an important Bird area (iBa) is a site that provides 
essential habitat for breeding, wintering, and migrating bird species. 
in Minnesota the iBa program is a joint effort between audubon 
Minnesota and the Minnesota dNr Non-game Wildlife program. Visit 
mn.audubon.org/birds-science-education/important-bird-areas or www.
dnr.state.mn.us/iba/ 

 � Christmas bird Count (CbC): This one-day annual event has been 
conducted for over a century. The CBC database contains more than 
100 years of data on winter bird populations across the americas. in 
Minnesota the Christmas Bird Count is done in partnership with the 
Minnesota Ornithologists' Union. Visit moumn.org/CBC/    

IN .MINNESOTA .a .variety .of .organizations .have .established .programs .related .to .bird-collision .monitoring, .bird .counting, .population .
mapping .and .identification .of .key .habitat .including .Important .Bird .Areas . .Data .from .these .programs .can .be .used .in .developing .natural .
resources .inventories .for .development .projects . .Corporations .can .also .get .involved .in .these .efforts .as .a .contribution .to .their .community .and .
for .the .enrichment .of .their .employees .

 � Minnesota breeding bird Atlas: Starting in april 2009, volunteers 
began documenting evidence of breeding birds throughout the state. 
The project will continue through the summer of 2013 and will result 
in a detailed atlas of all breeding bird species in the state. The presence 
and abundance of birds provides valuable information about the health 
of our environment. This atlas will be an important baseline for future 
surveys. Visit mnbba.org.

 � the Wildlife Rehabilitation Center (wrcmn.org) and the Raptor 
Center at the university of Minnesota (raptor.cvm.umn.edu) 
provide emergency medical care for injured birds and animals from all 
over Minnesota.

 � the Red-headed Woodpecker Recovery Project 
(redheadrecovery.org), Minnesota Purple Martin Conservation 
Project (mnmartin.org) and bluebird Recovery Program (bbrp.
org) are species-specific conservation programs that may be applicable 
to corporate campuses in the appropriate habitats.

 � Great backyard bird Count: This annual Presidents’ day Weekend 
event is an opportunity for volunteers to count the birds in their 
backyards and beyond. Visit birdsource.org/gbbc.  

local organizations, programs and citizens track bird populations and protect bird species like the Ovenbird, eastern Bluebird, Baltimore Oriole, Ruby-throated hummingbird, and White-throated sparrow

jiM
 W

il
li

A
M

s

R
eB

eC
C

A
 F

ie
ld

jiM
 W

il
li

A
M

s

jiM
 W

il
li

A
M

s

R
eB

eC
C

A
 F

ie
ld



BiRd-sAFe Building guidelines   39

references
1. Klem, daniel, Jr. (1989). Bird-Window Collisions. The Wilson Bulletin, 101(4), 606-620. 

muhlenberg.edu/main/academics/biology/faculty/klem/aCO/research_Papers.htm 

2. Buildings, Benchmarks & Beyond: The State of Minnesota Sustainable Building Guidelines 
(B3-MSBG). msbg.umn.edu

3. Leonard, Jerry. (2008). Wildlife Watching in the US: The economic impacts on National 
and State economies in 2006. arlington, Va: US fish and Wildlife Service.

4. Carver, erin. (2009). Birding in the United States: a demographic and economic 
analysis. arlington, Va: The US fish and Wildlife Service. 

5. Longcore, Travis, Ph.d. et al. (2005). Scientific Basis to establish Policy regulating  
Communications Towers to Protect Migratory Birds. WT docket No. 03-187, federal  
Communications Commission Notice of inquiry (feb 14,2005). 

6. US energy information administration, Office of integrated analysis and forecasting,  
december 2008. emissions of Greenhouse Gases in the United States 2007, (report 
#: dOe/eia-0573(2007)). US department of energy: Washington, dC. eia.doe. gov/
oiaf/1605/ggrpt/pdf/0573(2007).pdf 

7. North american Bird Conservation initiative, U.S. Committee. (2009). The State of the  
Birds, United States of america, 2009. Washington, dC: U.S. department of interior. 
stateofthebirds.org/ 

8. The exception seems to be pigeons, starlings and sparrows that do not collide with  
buildings in significant numbers due to their high level of adaptation to urban   
environments.

9. international dark-Sky association Newsletter issue #67. (2006). The Cost of Light 
Pollution. data.nextrionet.com/site/idsa/nl67.pdf

10. Ogden, Lesley J. evans. (1996). Collision Course: the Hazards of Lighted Structures and  
Windows to Migrating Birds. Published by World Wildlife fund Canada and the fatal 
Light awareness Program. flap.org/new/ccourse.pdf  

11. The world’s tallest structure is the 2,720 ft. tall Burj Khalifa in dubai, United arab  
emirates which opened 4 January 2010. it is taller than any other man-made structure  
ever built. The two tallest buildings in the USa are the Willis Tower in Chicago (formerly 
Sears Tower) at 1450 ft and the empire State Building in New York City at 1250 ft. The 
tallest Minnesota building is the idS Tower at 792 ft.  en.wikipedia.org/ 

12. metrocouncil.org/OnCourse2008/presentations/CompPlanning.pdf 

13. City of Toronto Green development Standard. (2007). Toronto Bird-friendly 
development Guidelines. City Planning, Toronto, Ontario, Canada. toronto.ca/lightsout/
pdf/development_guidelines.pdf 

14. City of Toronto Biodiversity Series. (2009). Birds of Toronto: a Guide to their 
remarkable World.

15. Klem, daniel, Jr. (1989). Bird-Window Collisions. The Wilson Bulletin, 101(4): 606-620. 

16. Gelb, Yigal and Nicole delacretaz. (2009). Windows and Vegetation: Primary factors in 
Manhattan Bird Collisions. Northeastern Naturalist, 16(3): 455-470. 

17. Klem, daniel, Jr. (1990). Collisions Between Birds and Windows: Mortality and 
Prevention. Journal of field Ornithology, 61(l): 120-128. 

18. Klem, daniel, Jr., et al. (2004). effects of Window angling, feeder Placement, and 
Scavengers on avian Mortality at Plate Glass. Wilson Bulletin, 116(1): 69–73. 

19. doeker, randi. Bird and Buildings: Creating a Safer environment. Birds & Buildings 
forum. birdsandbuildings.org/ 

20. effective daylighting is a result of integrated design and brings together multiple 
disciplines in the planning of indoor spaces. See daylighting.org 

21. Burkhardt, d. and Maier, e. (1989). The Spectral Sensitivity of a Passerine Bird is highest 
in the UV. Naturwissenschaften 76: 82-83.

22. Klem, daniel Jr. (2009). Preventing Bird-Window Collisions. The Wilson Journal of 
Ornithology, 121(2): 314-321.

23. rössler, Martin, Wolfgang Laube and Phillip Weihs. (2007). avoiding Bird Collisions with 
Glass Surfaces: experimental investigations of the efficacy of markings on glass panes 
under natural light conditions in flight Tunnel ii. Biological Station Hohenau-ringelsdorf. 

24. Gehring, Joelle, Paul Kerlinger and albert Manville. (2009) Communication towers, 
lights and birds: successful methods for reducing the frequency of collisions. ecological 
applications: 19(2), 505-514.  
 
The Phillips Company has developed new lighting products for off-shore oil platforms to 
reduce bird mortality at those structures. origin.newscenter.philips.com/about/news/
news/20070824_bird_lighting.page 

25. Young, Jim, Kelly Schwinghammer, eric Steen, and david Zaffrann. (2010). Clean Sweep: 
How a new approach to cleaning commercial buildings in the Twin Cities can protect 
our health and the environment while securing jobs and saving money. Minneapolis, MN. 
Published by SeiU Local 26 and the Blue Green alliance.

online Resources

The american Bird Conservancy (abcbirds.org)

Birds & Buildings forum (birdsandbuildings.org)  

Chicago audubon (lightsout.audubon.org) 

Chicago Bird Collision Monitors (birdmonitors.net)

The fatal Light awareness Program (flap.org)   

Muhlenberg College – acopian Center for Ornithology (aco.muhlenberg.edu/aco.htm)

New York City audubon (nycaudubon.org) 
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only. The material was drawn from many sources; every effort was made to cite the sources and 
any omissions are inadvertent. The contents of this publication are not intended as professional 
advice. The authors, National audubon Society, audubon Minnesota, and NYC audubon make 
no representation or warranty, either express or implied, as to the completeness or accuracy 
of the contents. Users of these guidelines must make independent determinations as to the 
suitability or applicability of the information for their own situation or purposes; the information 
is not intended to be a substitute for specific technical or professional advice or services. in no 
event will the publisher or authors be responsible or liable for damages of any nature or kind 
whatsoever resulting from the distribution of, use, or reliance on the contents of this publication.
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