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A Special Thanks to 
Our Contributors!  
 
U.S. Fish & Wildlife Service 
would like to extend a 
special note of appreciation 
to the number of highly 
knowledgeable experts and 
authorities on bird 
interactions with building, 
glass and lighting 
infrastructure that 
contributed to the content 
and review of this 
document.  This product is a 
true representation of the 
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coordination across 
agencies and institutions. 
This document will continue 
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happen. Thanks to all of you 
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do for bird conservation! 
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OVERVIEW  
The U.S. Fish and Wildlife Service (Service) has responsibility to protect and conserve migratory 
birds as part of four international treaties (Mexico, Japan, Canada, and Russia) and the Migratory 
Bird Treaty Act.  As part of this mission, the Service is working to address human-caused sources of 
mortality by developing and providing information on options for reducing hazards to migratory 
birds.  Bird collisions associated with building glass and building lighting are hazards where a variety 
of potential avoidance and minimization options exist. This document is intended to provide 
straight-forward options for reducing bird collisions with buildings by offering recommendations for 
simple, no cost building occupant best practices; low cost avoidance and minimization actions; and 
strategies for new buildings, building renovations, and building retro-fits. 
 

THE ISSUE 
Birds generally do not see clear or reflective glass (Klem and Saenger 2013).  Glass reflectivity and 
transparency create a lethal illusion of clear airspace that birds do not see as a barrier.  During the 
daytime, birds collide with windows because they see reflections of the landscape in the glass (e.g., 
clouds, sky, vegetation, or the ground); or they see through glass to perceived habitat (including 
potted plants or vegetation inside buildings) or to the sky on the other side.  At night, during spring 
and fall bird migrations when inclement weather occurs, birds can be attracted to lighted structures 
resulting in collisions, entrapment, excess energy expenditure, and exhaustion (Manville 2009).  This 
phenomenon has resulted in a number of concentrated avian mortality events.  These mass events 
are less common at city, office or residential buildings, but still a possibility under the right weather 
and lighting conditions.  The majority of collisions with both residential and urban buildings happen 
during the day, as birds fly around looking for food. Large avian mortalities at night more frequently 
occur at communication towers, offshore drilling platforms and in other situations where there is a 
bright light source in a dark area, especially during inclement weather. 

Annual bird mortality resulting from window collisions in the U.S. is estimated to be between 365-
988 million birds (Loss et al. 2014).  While most people consider bird/glass collisions an urban 
phenomenon involving tall, mirrored-glass skyscrapers, the reality is that 56% of collision mortality 
occurs at low-rise (i.e., one to three story) buildings, 44% at urban and rural residences, and <1% at 
high-rises (Loss et al. 2014).  
 
In an effort to reduce bird collisions with building glass, the Serviceõs Division of Migratory Bird 
Management has compiled the following list of best practices and best available technologies.  These 
best practices are grouped into measures that can be implemented at residences and office buildings, 
and provides options for both new buildings, and for existing building renovations and retro-fits.  
Many of these measures not only provide protection to birds, but also provide energy and cost 
savings to building owners.   
 

THE AVOIDANCE / MINIMIZATION OPTIONS  
The Service recommends the following options to avoid and minimize bird/glass collisions. Any 
mention of trade names or commercial products in this document or the documents or websites 
referenced within does not constitute endorsement or recommendation by the Federal government. 
Readers should be aware that each product has benefits and limitations.  Users of these products 
should work with technical experts to determine which specific product may work best for a 
particular application. 
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GLASS OPTIONS 

There are a variety of glass and window design options that can be integrated into building designs 
to reduce mortality from bird collisions.  The goal of these glass options is to create a visual signal or 
cue to help birds detect and avoid glass.  To make an effective virtual cue, all window treatment 
should be applied to at least the first two to three stories or the height of the adjacent vegetation.  
However, applying treatments to just the first story windows or known problem windows can be 
helpful as well. 

Create Your Own Pattern 
 
The key to creating bird-friendly glass is to increase visual noise on the surface of the glass.  Visual 
noise is a visible pattern that breaks up transparent or reflective areas of glass enough that birds 
perceive they cannot fit through the transparent or reflective areas.  There is still research needed to 
determine the most effective dimensions of various visual patterns on glass for bird strike 
prevention.  However, in general, vertical 
stripes that are at least ¼ inch wide with a 
maximum spacing of 4 inches, and 
horizontal stripes that are at least ¼ inch 
wide with a maximum spacing of 2 inches 
have been effective at preventing strikes 
of most birds (Sheppard 2011; Klem 
2009). Because hummingbirds are so 
much smaller than other birds, closer 
spacing of the elements of any pattern 
(striped or otherwise) will be necessary.  
Also, when using patterns other than 
stripes, closer spacing of elements is 
recommended because a series of smaller 
images like dots will not break up the 
glass as much as stripes using the 2ó X 4ó 
spacing rules.   
 
Pattern color contrast is important as well.  
Use colors that contrast well against the 
background or reflections (e.g., white 
stripes may be more effective than black 
stripes if there is a consistent reflection of 
dark color on the glass surface). The image 
to the right depicts the importance of the 
contrast between the color of the window 
pattern and the background. Notice that 
the white stripes are significantly more 
visible than the black stripes with the dark 
reflections on this window.  
 
 

The image shows how pattern spacing on glass can work to deter birds. 

Images by ABC and Roy Hancliff 

Photos by Christine Sheppard, ABC 
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Applying a product to the outer surface (surface #1) of the glass is always most effective.  Applying 
a product to surface #2 or #3 (inner surfaces) can be effective if surface #1 is not so reflective that 
the pattern beneath is not visible to birds(see Fig. 1). 
 

 
 
 
 
This image shows an example of a 
striped glass pattern that can be 
effective for preventing strikes of 
most birds (smaller spacing may 
be needed for hummingbirds). 
This particular pattern has been 
applied to the exterior surface 
(surface #1) of the window. 
 

 

 

This image shows an example of 
non-striped pattern that can be 
effective for preventing strikes of 
most birds (smaller spacing may 
be needed for hummingbirds). 
This pattern has also been applied 
to the exterior surface (surface 
#1) of the window. 
 
 

 

 
 
 
 

Striped glass pattern. Photo by Christine Sheppard, ABC 

Dot pattern applied to the exterior of a National Renewable Energy Laboratory (NREL) 

building to help prevent bird collisions. Dots are approximately 1/2ó in diameter spaced 2ó 

vertically and horizontally. Photo by Dennis Schroeder, NREL 31193 

 

Fig 1: Window Surface Diagram ς Depicts surface #1 (outside facing pane), 

surface #2 (inside of outside facing pane), surface #3 (inside of inside facing 

pane and) and surface #4 (inside facing pane). 

Image by NcLean/ CC BY 

https://en.wikipedia.org/wiki/Insulated_glazing#/media/File:Double_Glazed_Fixed_Window_Diagram.png
http://creativecommons.org/licenses/by-sa/3.0/
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There are several ways you can create your own patterns on glass. To see recommendations for 
creating your own patterns on glass, visit the Solutions and Materials section of the Bird-Safe 
Glass Foundation resources webpage (http://www.birdsafeglassfoundation.org/contact-
us/resources/). 
 

Install a Special Film, Glass or Covering 
 

External Films and Coverings  
There are several effective external film and glass covering options. Some options are more 
expensive, but are highly effective. Films are good for retrofit applications. A drawback, however, is 
that they only have a guarantee lifetime of 5 to 7 years, although they may last longer.  To see a list 
of the latest recommendations in external films and covering products, visit the Solutions and 
Materials section of the Bird-Safe Glass Foundation resources webpage 
(http://www.birdsafeglassfoundation.org/contact-us/resources/). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fritted Glass  
Fritting is the use of ceramic lines, dots or patterns that are most often placed on the #1 surface 
(outside-facing pane) or #2 or #3 (interior panes) (see Fig. 
1) of insulated glass.  Fritting is a commonly used measure, 
but is more expensive than other types of window 
coverings.  This technique allows humans to see through 
the glass while reducing the transparency of the glass.  It 
also provides energy savings by reducing heat gain, while 
still allowing day-lighting of buildings (Sheppard 2011).  
To see a list of the latest recommendations in fritted glass 
products, visit the Solutions and Materials section of the 
Bird-Safe Glass Foundation resources webpage   
(http://www.birdsafeglassfoundation.org/contact-
us/resources/). 

A bird friendly film was applied at the entrance of the Ding Darling Education Center at the J. N. "Ding" Darling National Wildlife 

Refuge. Photo shows entrance before (left) and after (right) application. Photos by USFWS 

Fritted glass on window. Photo by Christine Sheppard, ABC 

http://www.birdsafeglassfoundation.org/contact-us/resources/
http://www.birdsafeglassfoundation.org/contact-us/resources/
http://www.birdsafeglassfoundation.org/contact-us/resources/
http://www.birdsafeglassfoundation.org/contact-us/resources/
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Ultraviolet Patterned Glass  
Birds see in the ultraviolet (UV) spectrum so using glass that reflects UV light in a pattern can 
reduce bird collisions.  While this glass is typically more expensive than other treatments, it is 
comparable in price to other energy-efficient glass (Eisenberg 2010).  As of 2015, few UV patterned 
products are available.  However, this option may be desired when seeking a product that is 
generally not visible to humans, but provides some benefit to birds.  To see a list of the latest 
recommendations in ultraviolet patterned glass products, visit the Solutions and Materials section 
of the Bird-Safe Glass Foundation resources webpage 
(http://www.birdsafeglassfoundation.org/contact-us/resources/). 
 

Screens and Netting  
Installing external screens or netting on windows is an effective and relatively inexpensive treatment.  
Screens reduce reflection and injury by providing a cushion between the bird and the window.  This 
treatment can be installed on individual panes or attached to a façade.  To be effective, the netting 
must be placed far enough in front of the window that a bird hitting it will not collide into the glass 
behind. The netting should have openings no larger than ½ inch.  Several companies sell screens or 
other barriers that can be attached with suction cups or eye hooks.  These treatments can be used on 
new construction, renovations, and retro-fits.  To see a list of the latest recommendations in screen 
and netting products, visit the Solutions and Materials section of the Bird-Safe Glass Foundation 
resources webpage (http://www.birdsafeglassfoundation.org/contact-us/resources/). 
 
 

 

Window netting installed feet from window on slanted wooden beams. Photo by USFWS 

Basic home window screen. Photo by Christine Sheppard, ABC 

http://www.birdsafeglassfoundation.org/contact-us/resources/
http://www.birdsafeglassfoundation.org/contact-us/resources/
http://www.birdsafeglassfoundation.org/contact-us/resources/
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Architectural Features  
Building designers can use features such as overhangs, shutters, louvers, mesh and awnings to 
reduce glass reflections or reduce visibility into transparent areas.   
 

 
 

 
 

 

 

 

 

  

Shading was applied around the windows on the exterior of the Research Support Facility (RSF) at the 
National Renewable Energy Laboratory (NREL) to reduce glare and overheating of the building 
interior. These windows are also bird friendly. Photo by Dennis Schroeder, NREL 19798 

Shutters overhang windows at a facility at the San Diego Zoo. Photo by Christine Sheppard, ABC 
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L IGHTING OPTIONS  
 
Eliminating or reducing unnecessary lighting is 
one of the easiest ways to reduce collisions 
while also saving energy and reducing costs to 
building owners.  Note that these measures will 
not eliminate collisions, and their effectiveness 
is highly dependent on local conditions, 
including the degree of bird friendly design and 
practices of neighboring buildings. 
 

Lighting Design 
 

a. Avoid unnecessary lighting, including perimeter lighting.  
b. Install motion sensors on all lights (both interior and exterior) that activate only when 

people are present.  Motion sensors are fairly inexpensive and save energy.  This is 
especially important during the bird migration periods (early April through late May and 
mid-August through early November), and periods of inclement weather.  

c. Ensure all exterior lighting is òfully shieldedó so that light is prevented from being 
directed skyward.  òFully shieldedó light fixtures are defined as those with an opaque 
shield so that all light is emitted below the lowest light emitting part of the fixture.  
òFully shieldedó is the same as òzero up lightó and òdark sky compliantó.  See Appendix 
A for examples of acceptable fixtures. 

d. Comply with all Federal Aviation Administration obstruction and marking guidelines by 
ensuring that required obstruction lighting is comprised of only L-864 strobe lights with 
appropriate flash rates and extinguish all steady burning L-810 lights (FAA 2007, 
Patterson 2012). 

 

Lighting Operation 
 

a. Ensure that any lights that are not motion-activated are turned off at night; especially 
architectural lighting, upper story interior lighting, and lobby or atrium lighting. 

b. Eliminate the use of decorative/vanity lighting during the bird migration periods (early-
April through late May and mid-August through early November).  This includes upward 
directed spot- and flood-lights, and roof-top lighting.   

c. òLights Outó programs exist throughout major cities across the country to encourage 
buildings to reduce light pollution during migration. For more information visit 
Audubonõs Existing Lights Outs Programs webpage 
(https://www.audubon.org/conservation/existing-lights-out-programs). 

d. Install window coverings to prevent light spill. 
 
 

  

Photo by Eddypoon/ CC BY 

https://www.audubon.org/conservation/existing-lights-out-programs
https://en.wikipedia.org/wiki/A_Symphony_of_Lights#/media/File:Hk-Symphony_of_Lights_3420.jpg
http://creativecommons.org/licenses/by-sa/3.0/


  

9 
 

LANDSCAPING OPTIONS  
 

Exterior  
 

¶ Where habitat is 
adjacent to, seen 
through or reflected in 
any glass structures 
(e.g., windows, bus 
shelters, guard rails, 
glass walls, etc.), treat 
the glass using one of 
the Glass Options 
listed above. Avoid 
creating an effect where 
landscaping funnels 
birds towards glass 
panes (e.g., walkways, 
passageways, edges) or 
where approaches to a 
building (vehicles or 
people) flush birds 
towards windows. 

¶ Avoid using glass in  
supplemental structures (e.g., bus shelters, guard rails, glass walls, etc.).   
When it is not possible to avoid using glass for these structures, use only highly effective 
Glass Options to treat these structures (see the Birdsafe Glass Foundation websiteõs 
(http://www.birdsafeglassfoundation.org/contact-us/resources/) list of tested materials 
for information on product effectiveness).  
 

 

Interior  
 

¶ If you have indoor plants, trees or 
shrubs, either treat the adjacent glass 
or move all plants away from clear 
glass windows far enough that they 
canõt be seen from the outside by 
birds.  If you were at window level 
looking in, could you see the plant?  If 
the answer is òyesó, then birds can 
probably see it too.  

 
  

An example of where trees and shrubs are reflected in the glass and create a type of funnel effect 

near the entrance of a building. Photo by USFWS 

An example of where a potential bird hazard has been created by 

placing plants inside of a building near the window. Photo by 

USFWS 
















