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Scale-dependent Decisions of a Red-tailed Hawk and a Carolina Wren
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Avian vision 1s different from human vision
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Having four types of cones increases the visual contrast ofthe vegetation

Generating a unique visual signature

Tedore &Nilsson 2019



There 1s considerable between-species variation m visual
physiology and visual perception
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Different bird species perceive
s lightly different visual
signatures on landscape
clements
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Can we shift the visual signature ofa landscape element
from the visual perspective ofa bird species?

10 what extend can this shift mfluence the species’behavior?
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LED lights illuminating an area could alter the visual signature ofa landscape
clement to either mcrease or decrease its visual conspicuousness to the avian

eye, prompting a change in behavior



Proof-of-concept study: bird-solar
mteractions

Funded by the US Air Force




Lake effect hypothesis

Solar facilities and bodies of water
have similar visual signatures from
the perspective of birds

$

Birds may be “attracted” to solar
© ChristopherNicolai facilities, which may act as
sensory “traps”

Can we shift the visual signature of solar
panels so birds avoid them?



* Modelspecies: mallard (Anas platyrhynchos)

 Mallard visual system components
* Visual models to quantitativelyassess mallard visual perception

* Behavioral experiment 1:
* Visual signature of solar panel vs. water source
 Attraction/avoidance responses to solarpanels vs water source

* Behavioral experiment 2:
* Visualsignature ofthe solar panel shifted with an LED light veil

 Attraction/avoidance responses to solar panels with light veil vs solar panels
without light veil
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Visualmodels estimate quantitively how much an object
stands out from the background

High Low Photon catch and receptor noise model
(Osorio & Vorobyev 1998)
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Behavioral experiment 1

solar vs. water



Proportion ofindividuals that chose a treatment

0.42 choice

solar
0.58 water

No significant difference choosing water vs. solar panel

Generalized Linear Mixed Model with intercept only and individual
ID as random factor (z=0.95, P =0.345)

Mallards did not discriminate behaviorally
between water and solar panels

Sensorymechanism?




Chromatic contrast solarpanel vs. water
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Chromatic contrast SOLAR PANEL
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Take-homes (I)

* The visual differences between the water and the solar panel may
not have been enough (from the mallard viewpomt)to affect
choice behavior.

* We found a potential sensorymechanism (chromatic contrast) to
explam the visual similarity between water and solar panels.



Shiftimg the solar panel visual signature with LED illummation
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Behavioral experiment 2

White IED light Vi vs. bare solarpanel

Bare solar panel vs. white LED light veil



LED light veils changed the visual signature of the solar panels
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Behavioral responses to white LED light veil

choice

L] away from the light
towards the light

Mallard ducks did not prefer or avoid the white lights
significantly (z=-0.52, P=0.606)



Behavioral responses to blue LED light veil

choice

[ ] away from the light
B towards the light

~40Klux
Peak wavelength: 462 nm

Mallard ducks avoided the side ofthe arena with the
blue light vell (z=2.04,P=0.041)



The blue light performed significantly better than the white light n
generating duck avoidance responses
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Generalized Linear Mixed Model with individual ID as
random factor (X*=6.78,P =0.009)



Take-homes (2)

* High mtensity (~40KIux) blue (462 nm) LED lights appear to not
only shift the visual signature ofthe solarpanels butalso
generate avoidance behavior.

* Ducks do notrespond to all lights equally, as white LED lights led
to a random behavioral response.



Applications to airports

 Based on FAAdata (1990-8/20/2025)

* Number ofreports where strikes occurred near ground level (0-50 ft AGL):
87,681 out 0£326,195 strikes (26.9%)

* Example species:

Species Strikes 0-50 ft AGL Percentage of strikes that occurred 0-50 ft AGL

Mourning dove 4,221 25.2
American kestrel 2,388 24.0

European starling 2,057 30.5

Rock pigeon 1,629 35.4
Red-tailed hawk 1,589 36.2
Bald eagle 268 46.7



Birds are usmg different landscape elements (perching, nesting, or
foraging) in the airport




LED illummation tuned to the visual system oftarget spemes
might be used to shift the visual signature ofkey elements mn the
airport environment and potentially generate avoidance behavior
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