The i mpact of wind turbines on the distrib
By
KATE EMI LY MI TCHELL

A thesis submitted to the Graduate Pr
i n conformity with the requirement

Degree of Master of Science

Queelhnbisver sity
Kingston, Ontario, Canada

January 20214

Copyright E Kéate Mitchell, 202



Abstract

Renewable eneacdgwdhadgmpoeve,yr, are rapidly expand
fight climate change. Ho wa ¥ eseucrtrwoiunndd i tnugr bwiinl edsl i
Raptors aryanhi made oiod @eghieadnlgy negat iwieddy aff ec
turdi Raptor collisi owe-kIlwiudihe dg,jon lbunttt urathearitedsa lar e
di spl acement due to wind turbinédsthasiseoaisva
di spl aicseenceensts ar y d ot hceo nopw eerhaelnl effects of wind
| sl,anGnt ar iis, r@ammavhed for its number and diver
turbines were R®@8LI 4§ nom ht e st sldgndwenused stan
t he presencperetmatbieorn oafndr apt aodrusr ionng Awmhnetresrt alns
mi gr dtorom hree( 3@h5% s dDa@dtdhrrexk2eriyieaad 9, 208Be, 202
wi ndf abmi WiWe r e cforbdseed v&a,td 7ons oufs erdagvehicert s ewhi ch
t teur bi nes affect,edcoaplotalt dagd trii dluta.rodMet e mpor
found not hemntiydeofceour si xi Noorctahle rrr@ipHtarursisepre c(i e s
hudso)ni cBuasl dalEiagé et s )I, e-tRedt e pBhubtleemok j(d mai censi !
Rou-gbhggedBiaaa )Sangoowyu Bawlo (s camAlmerciusan Kestr el
(Fal co spahwaegiedst hesin despondbesPiomiwli aadl y ,urvwe n
found noofelwanmges ei muttihengdisft rdi fferent age cl a
response t oClwamgieweuprabpbiunleast.i Amhels Ege@sdohor our s
focal ,s9 evd laddh caratr e dA Viwd () aanme uNor tLhmenrirusShr i ke
borégamliirsored regionadudgaensotdisnngpracalsumdanmnmwden,d t u
raptor abundance. Overall, despite some col Il

monitoring studieshegatioendmuea de icd ¢ anld

AA



species use Amher st | sl andAsdutrhiengnewedntfeor arnedn e
growsing strosfguwdmgtemddsalteffects of wind turb

wil |l hedpprempruireet e si t ewss nadrfearcnisosen for futur e

AAA



CoAut horship

The work presented in Chapher PawBMW Racnodvight ReM B d

conceived and designed t heé&Msdauandpyl. etPRRdM amwdll exd s

from PEHRIMwrikte the manuscript with edits from

A



be

Acknowl edgement s

would first |Iike to thank my supervisor, Dr
nt ofhrough pt bagceacdte nohcamgneds ,| i fe | essons | h a
cessant singing in the woods, you have been
ssion for science and making it accessible
rsacm.uske of your help, | have improved my wr
ve for Dbirds.alothtavtehenower Icdurarosind me and &
an ever. You helped me see the value in tryi
y you think it will . Thtatnrky yfoiuehlEdvexrgke v i a8 gc e
ve been invaluable and have been some of th
|l wadlsibke to thank my committee members Dr
i Cenzo for supporting me through pYoawjrect <cha

edbad khbadseteyw critical to my success.

Thank you to my | ab mat esyadmugdipmcer tMar Yo un haanv
|l ped me grow so much asdahpvesematedmmnigeass
i be on Team Bird and Beetle forever. A spe

to consider graW sbboblyom I heob@lidshepéracle.
ssibility.

Thank you to all the wondheaVWeadr ned cfhream @wne
af som grade school to grad school

Thank you to al/l my friends! Thank you for
ing excited about my wor k. B r uhnocuhre sn,i gbhitrsd icn

%)



woods, concerts, trivia, charcuterie nights,
| fell), and sl eepovers have macherywdidersse @fasmy

i fe.

Finally, tlanfkamgiollotmp MmMywd, and Blhanks, peo mn

for the unending support you have given me th

thesis, |l ong phone calls, coming to my events
needed it. You are i ncanedhobnoer arnyd MShco uatd thhoinse :
Dad, for keeping me grounded when | needed it

joke and | augh. Thanktypyobriog mei cgmphegf ansgt

of being outside. Thanks Sam, for |l etting me
just because it was fun). Thank you also for
for fi er cyelbyXohkabvriengt hne best sister ever. | cou
you, your encouragement, and your support. |
|l would |Iike to acknowl edgeMpnmyk pwassi tcioonnd uacst
Queends University, | ocated on the traditional
and Amherst 1 sl and, | ocated on the traditiona
Om8m2winwopul d also |ike to acknowledge that m

particularly important for gr,anmngs| huke. thedHag:
people have and continue ltudicnagr enyf csrt uadnyd sdefcea
the environment using western science, I cont
i mportant I ndigenous knowledge systems regard
acknowl edgement i s ensost ias spueersf e catc ewda yb yt d nadd dgre n

end it is just words. However, I owi || not | et

D A



|l ndi genous sources, |isten to Indigenous voic
initiatives.

|l would |Iike to further acknowledge the en
environmentally impactful component of this s
and the fuels used to power t hies svieohnisc,| ewe Taov an

unnecessary travel by ensuring all the trips

coll ection and by only driving the necessary

Suppl en@t@ddta are provided by National Auc

www. chri st maabwwvd ceosucn)iaonrdy ¢ hr ough t he generous

Studies Canada and countless volunteers acros

DA A


http://www.christmasbirdcount.org/
http://www.bsc-eoc.org/

Table of Contents

Y 0111 = V! PSPPSR il
COAUTNOISNIP. .. et e e v
ACKNOWIEAGEIMENLS. ...t e e e e e et et e e e e e renenbb e e e e eenens V.
LIST Of FIQUIES. ...t e ettt e e e et et e e e e e e et e et e e e e e e ennean s X.
S o N 1= o =2 Xiii
(IS o AN o] 0 =3 = [0 o L= Xiv
Chapter L1: INrOAUCTION. .......uei ettt e e et e e e e e e e e e e 1
Chapter 2: METNOUS ...t 6
Y00 )T (= TP TSPPPPPPIN 6.
STUAY SPECIES. ...ttt ettt ettt e e ettt e e e ettt e e e et ee e et et e e e e e eeba s 1
SUINVEY MELNOUS. ...ttt e ettt e eeeeaa s 8
(@] o1 110 IR 1 (=P 9.
SEAtISHCAl ANAIYSIS. ...t 11
Distribution of Raptors on Amherst Island...............cooviiiiiiiiii e, 11
Distribution BasS@d ON AQE........uiiiiiiieeei et e e e e e e e e e e e e e e e 12

FN o 18] o F= T g o7 = PRSP 14

(@ gF=T o] =] g A LT U] (PR 16
Distribution of Raptors on Amherst Island.............cccooooiiiiiiiii e, 16
NOITNEIN HAITIEE. ... e e e e e e 16

2 F 1o [ Vo | PP 16
REHAIIEA HAWK ... e e e 16
Roughlegged HawK.............oooiiii e 17
AMETICAN KESIIEL ...ttt e et e e e e reaas e e e 17

S 1107V PSPPI 17
Distribution BaS@d 0N AQE.....c.cuuieiiii e ee e e e e e 19
Y 018 o F= g o =PRI 20
NOITNEIN HAITIEE. ... e et e e e e e e eeaaa s 21

[ F 1o [T Vo | L= PP 21
REHAIIEA HAWK ... e e e e e e eaa s 21
Roughlegged HawK.............oooiiii e 21
AMEIICAN KESIIEL.. . e e e 21

00 11011 A 1 SR 21



SNOTECAIEA OWNL. ..o e e e 21

NOINEIN SHIKE....coeee e et eeeeaes 22
ChhaPLEr 4 DISCUSSION. ... ieeiieeii ettt ettt e ettt e e e et e et e e e e e e e et e e e e e e eennne 24
RETEIENCES ... ettt e ettt e et 29
Appendix A: Supplementary RESUILS. .......coooiuiiiiiie e 40

OVErall DISTIDULION. .....ceiieiti e ettt e e et e e e e e eeeenaa s 40
DiIStribution BaSEA ON AQE......uuuieeiiiiiiiie ettt anane 44
ADUNGANCE. ...t eeenesnn e e eeennenn . A
Appendix B: SUPPIEMENTArY MaPS........uiiiiiiiiiii e e e 55

AE



List of Figures

Fi g u Map of Amherst Island with turbine sites, control sites, and surveyéoété é .. 10

Figubes”?ance from control sites and wind turbi
for 6 focaéééapeeéécspeeeeséeeéeeéeeceée. .. 138
FigubiesBBance from control sites and wind turbi
for adult and iéredateérde cR&led eERFléexréée. 20
FiguTlre 4dabundance of raptor species infdrhe Lal

,,,,,,,,,,,,,,,

the periods before a&re®ézxfeteere étéléréliéree écomlrs3t ruc
Fi gurBeo x$%1.0t of Northern Harrier abundance on
prrand -wiorsd turbi e écdreftéré écdtéciédreeééé. éé. . 46
Fi gurBeo x$%2.0t of Bald Eagle abundance on Amher s
and -wiorsd tur bi e écdretéreecétéicere éééeééeéeéeé. .. 47

Fi gurBeo x$3 .0 tt acifl eRledhawk abundance on Amher st |

,,,,,,,,,,,,,,,

pr-and -wiorsd turbi ree ééeretéerelecctéié®dreéeeeeeéeée. .. 48

Fi gurBeo x$4 .0t -loefg gReodu gthawk abundance on Amher st

Spri ngndmeEorsd tur bi ree éédreetéeréeecctéiécdreéée. é. .. 49
Fi gurBeox®9.0t of American Kestrel abundance on
prand -wiorsd turbi e écdreftéré écdtéiécedreééééeéeée. .. 50

Fi gurBeo x$8.0t of Snowy Owl abundance on-Amher st

rrrrrrrrrrrrrrrrrrrrrrrr

and -wiorsd turbi e édedretérélécétéiécedreeéeeéeéééé. .. 51



Fi gurBeo xalfotTur key Vul ture abundance on Amher st
pr-and -posbine ééepstéactibonecéecéeeéee. .. 52

Fi gurBeo x%8.0t of Northern Shri ke abundance on A

prand -wiorsd turbi e écdreftéréeecétéicecreeéééeéeé. .. 53
Fi gurBeo x%9.0t-eaf e8h®wt abundance on Amherst | sl
prand -wiorsd turbi e éE@reetérélecdtéiccre ééééeéé. .. 54
Figur Mapa0of Amherst |1 sl and with each Americarl
sur pe-end -wiorsd turbi ree écdréextérelecteiececre ééé. . 55
Figur®Wapgdadlof Amherst I sland with each Norther:!
sur pwe-end -wiorsd turbi ree écdréextéréelecteicecre ééé. . 56

FigurB®Mapd2o0f Amherst I|I-$tkggdedwHbiwkeabbBeRovaghon

,,,,,,,,,,,,,,,,,,,

sur pe-end -wiorsd turbi ree écdrextérelecteiececre éée. . 57
Figurb®Mapd3of Amherst -talbhed Wawh ebsbr Ratdi on |
sur ype-end -wiorsd turbi ree écdréetérelecteiececre ééé. . 58
Figurb®Mapd4of Amherst I sland with each Snowy O\
prand -wiorsd turbi e écdreftéré éctciéedreééééeéeée. .. 59

Figur®Mapd50f Amherst I sland with each pBa&l d Ea:

rrrrrrrrrrrrrrrrr

and -wiorsd tur bi e éé@dretéré écétéicereeéeéeééééé. . 60

Figur®Mapd6of Amherst I sland with each Turkey

rrrrrrrrrrrrrrrrrrrrrr

prrand -wiorsd turbi e éé@retéerelecctéié®dreéeeéeéeé. .. 61

EA



Figur®Mapd70f Amherst I sland with eacphr&sdrey

po-&t nd turbireeéecrstéréectéiceréeecéeeéeéée. 62
Figur Mapa8of Amherst |1 sl and with eacphr-avhedr | i n
po-&t nd turbireeéecdrstéréectéicereéececéeéeéeéée. 63

Figur Mapa90of Amher st I-hsdramedd wOwlh oebascenr vGateiadn n

sur ywa-esnd -wiorsd tur bi e édEreftéréelécétéieccreééé. . 64
Figur Map20of Amherst | sl and with each Norther.|
prand -wbetd turbireécErRtéréecctéicereéééeééeé. . 65

Figur®Map221lof Amher st Ilesadraendd Qwvlt ho besaecrhv aSthioont ma
sur ywe-end -wiorsd turbi ree écdréetéréelecteicecre ééé. . 66

Figur®Map2o0f Amherst I sland with each Peregri.

sur pe-gesd -wiorsd tur bi e ecereftérée ectecicerc ééé. .. 67
Figur®Map3of Amherst I sland with each Cooper 6
prand -wiorsd turbi € écdreftéré écdtciédreéeééééeée. .. 68

Figurb®Map4of Amher st -bbahdewethHawkhoRsedrvat i
sur ywe-end -wiorsd turbi ree éédréxtéréelecctéeiécecre ééée. . 69
Figur®Map50f Amherst I sland with each Gol den |

pr-and -wiorsd turbi e éecereftereecteiéeereéeeéee. .. 70

EAA



Li st of Tabl es

Tabl e 1. Seaempclhe fsoiczads sfpoerci es before and after
Table S1. ANOVA results testing the overall di
Table S2. Tukey test for pai Bdniisster écéoéntpiac4iOs on s
Tabl ANOYA results testing the i mport®&8&ace of 1t
Eagadgee cl|l g écéed€ écééeéeéeéecéeéeceeéecé. 44
Tabl e SHf Rakelyt s ests f oBadai rEvaigd esgemp ariifd cermr
Cl cs&@éecéécéecéeceéeééeéeéeéeceéeceéeéeeéeéeéeé. .. 45

Tabl &L#MM. r esul tismpcerstta moge tdhfe t r eat ment i n our

,,,,,,,,,,,,,,,,,,,,,,,,,

rapspeti abueeaveeééceceeceeeéééeeceeceeee 46

EAAA



Li st of iAdhmbrevi at

ik V8T Ki | owat t

ABACI &itBeflgAf ¢e@mt-imphct study

ik M1 Ki | oemrest

imoT Met er s

MAIdAKkaokéeé or matiiteer i on

FMANOVAAnal y¥arsi &amaley si s

figl mMmGener ali zed | inear mixed model s

ANGPBG ollPadi t iSpat e

EAQD



Chapter 1: |l ntroducti on

Renewabl e energy sources are important for mi
sources can harm | ocal biodiversity. Global r
than 60% between 2020 and 2026 asamhoy @u@mvesin
(I'nternational Energy Agency 2021). These rap
hydwioppdnd powear sources) may negatively 1 mpact
For example, the growihB966 hwdNopbtweAmeni thea
involved the building of hydroelectric dams t
and reproductive success agWamd gxra8EdHfypyrfitissh o( R

the negative effects of hydroelectridggd&ams on

fish |Iadders and other safe fish passage syst
reduce mortality (Larinier 2001, Scruthen et a
negative i mpacts of any new power source i s ¢
environment al i mpacts that may resul t.

Wind turbines are an increasingly importan
still do not fully understand how they affect

and simple of these negative efrfegatsi teol ynmeaafsfue
by collisions, with approximately 16- bats kil
di stance migratory -hsap erceildasBiadaych ea)s$,st amomccobui nvt\ai gr
for most mortalitieB@léYi mdedédbmipt a@mdeFhahess
i mporetfdmretct s of wind Faor beée xiaasnpdc enna nam d&&lws ogoiea@hr . a ¢
BadgeMred e(s) mei esng nearwewien df otaunreb ihrog dheirt e o |

l evel s when comparedgit{@ginteavs e tOtiae m Qolslgoa) lciosnms ,
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icularly impacted. Raptors are carnivorou

rtant for Akkamatewhélbaro2edbhal. 2008). Ma

wing them to travel | ong distances, or hu
i ng relies on updrafts, therefore soaring
nti al (Brl srkde 2 0 dMda | Wehd 0 & &4 phitgo @dt luarnkdi n e s

ire strong winds, the former to save ener
d in the same areas (Martzn et al. 2018),
-dwelulment ed and rksesefhacheds @aeadgmulpoeor vi

gn, habituation to wind turbines, and tem

or fatalities due to doalnldiesdDzeBslad Bhr2ano s

nNnerOys boInN2 etSmal l w@ad®d&O0Oand WIEi mkled maenr 1259 ,.

The spatial di spl acement of raptors due to
earchers and policy makers than collisions
acity of 50 kW or great er paorbet rrbeignuei rceodn sttor u
d mortality surveys, with raptors as a di s
ument the displacement of birds from their

e

d

rss gof wialcdhahfag f or birds (Ontario Ministry
examining both displacement and coflf | i sion:

turbines on raptors. For example, wind t



through displacement, while simultaneously re
few studies examine raptor activity beth befo
after controls being i mporitnamats f(oDa halOeautr aale. tz
Lucas e)Y. aln 2d&d®4ti on, most studies of raptor
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Wintering and migrating raptors on Amher st
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Canad®@8en.ld.etMarlt.i nP 8Zé0Bla5nP hledl 7a6n, and Rpubielrltisaoom 1 ¢
1965, Weir 2008). Amherst I sland and near by W
concentrations of wintering raptors in North
species, sucBudbo Src@Ehwli QwhtsQuill.l i18BM 91965, Weir
2008yclical raptor population densities occur
vopepul ations and irruption years,(Bwhéneltamade
1979, Leonard 2015, Martin 2015). For exampl e
included 10 different owl species with an est

t hroughout the winter, oaldmapi dBeadtl leeaazatl .230®



cent irruption ye

peak days (Marti

opover | ocation f

The ition of

| and i deal sit

bin 2018

stri ed to open

popul a of rapt

manager

amp | nd turbi

udi e of habitat

rapt orbyh

mber on both

al | ging. The co

st f
edin

raptors, pa

Amh st |l sl and r

tur e.

Il n this study,

i stribution of Wi n

(i
h e

esign .e., a des

record t presence

( MakApipl raptors on

(WindlectricrlolsG.

c ked edadedu aatde t duatba noers

at buiwtdba tan eubs & f | cul t t

Wol f e

I tmp eodg att Llernkt ii md s

we

or

ar (winter/spring 2015), A

n 2 1i5SmMpoAmaetr swi htsémainag i &1

or raptors.

Amher st |l sl and on the nort

e for persistent and predi

th®e2 3 )s.| almnlde

patches of private | and wh

ors using Amher st |l sl and,

tome raptors i

nes install ed onemsdaarnbeyd Wo

use beforepanenaiaérrepebi

o identify. The

and Amhéestsusbbands ahsi

nstructi cemdodd wd nrde w ua fop aret

on raptor habitat wuse

rticularly duringefwfates a

aptors wonltd gedtasioumae 4 oiwn mtal

test the hypothesis that

teringafndr mimpret 0l BACADt &

i gn wit h bsottahn d aerntpiozread saunrdv

,  n u mi &4F erbuadnrda nl do cnait g roant ionfg

near the 1 sl and for 3

y e



were built. I f wi(ngd threbmi wes prepgelctreapt das r a
distributed further from wind turbine(Hsites a
e.g. to feed on cartrhem Wwelpmwedihet ead rtbh ante sr)apt
closer to wind turbine sites after the wind t
raptor df gt rtitbeunt iwenspredi cted no change in rapfyf
pr-and -tpwrshii nesd. aWe ntgesthese al t ertnaatanv es ihxy psoptehce
raptrempg esenting three families Cofr cluisr dysi:d shhaa ic

Bal d Habl aeét us )l e-tReat e pBhuailpeaotna ( )c,e nRloesg dpe d

HawBufeo ) ,ag®tpruisgi dae: Snowy Owl ; FaanldcoFal coni
sparvyeriTest hese focal salkuohnadbagenfcoeree aadndde da fatnearl yt
construction for 2 additional spetcriielsuttiharnalwe
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Chaptket Rods

Study Site

We conducted this (s@®UMN,y °Td), Ambar skKki hgétwaoad, Ont
Canada. The 2apband BBt6@tkdch in the northeaste
the island was historically cleared for pastu
with patches of mixed or deci duous feorheusnanand
popul ation on Amherstpésplaad( Esabipprioxs m@amad ¢ :
t he mainland by nfderfray.m Tcloen-sa redan8a@radvawitve 8t g me n s
SWB -213 turbines (hub height =P6@®ebh Mmecihhaldeg)
2028 emens 2MmkS)al |l ahe on of the wind turbines t

generation commencing in June 2018 (Windlectr

Raptors are often reported as at risk for
Rodrigu®el @0D4and Gdmomrergdmadlol2w@ 00 0and, Thel an
Wi nkel man 1985) ; however, our study did not a
mortality data, however, were collected by en
mandated by t he ghateurnarle nRe sodurCna aSgOoutt(amine 2 C
Ministry of Natur al Re s o uaccreoss s2 Oallll) .2 eRatpu rolrisn e
mortality tshurreeeyisn w029, three in 2020, and ni
Solutions 2020, 2021, 2022). Raptor mortality
of 0.2 raptors killed/turbine/year fomf2020 (

aneollision mitigation strategies (Natur al Re



Study

speci es

We collected intensive data on six species of

Bal d
recor
analy
HawBu
Gol de
cooped
numbe
we Cco
occas

i ncl u

Mi
mi gr a
i sl an
year s
fluct
i nflu
penet
speci

t hr ou

Eagaieel edeldd veky,g eRlo Hplwk , Snowy Owl , and Am
ded other raptor species dsrfog amesaof v
ses. We include t hBusbeo swieycg ieRde @dinGuse a te dHo r
{eo ), nd@mluisom € o)l,u nfbearra quisSian &€ oF plec@mr ( nus
nAGagheay §aetOdgameay on J)aaldi £e b p €A cocsi pH atwekr (
riiin our dataset, and present abundance d
r searSehjor@Qwl recorded re@@olrahlyni Shkrowehumli
|l l ected dat@atflbar JTag tkiegy &/al ¢ umaisnl(y a tr
ional winter straggler, only rarely feed

ded in our analysi s.

grant raptAmiedlypnttadd yaustopover site f
tion; few were observed in the act of ac
d, heading north in spring). The island
, respwaidl algi It iot y hef f ood. Even within a
uate depending on vole numbers, depth of
ence the accessibilhaty coan fnoaokde (sen ogw ,diifcf
rate) (Phelan 1976, Phelan and Robertson
es defend winter territories (e.g., Snow

ghout the season (e. g., Martin 2015)



Survey Met hods

We conducted surveys between mid January and
2017) and three years aftewef20b@egetamabdd 2023
operat2®@h& We did not conduct surveys in 2018 b
construction, and we dad0abtdure Ait®u E@GO\Lledny €y s
restrictions on field research. We i ntcduded t
attempt to capt urnea pntaoctru raabl uonbdt aunccpergamtrsisd M ct i on

sampl &€&ach survey year we conducted a mini mum

We conducted our surveys along a consi sten:
passable public roads; we alternated which si
first), but maintained the same. rWeutdersovieora evae
along the designated route and scanned both s
we sighted a bird, we stopped the vehicle and
Wet zIl ar, Ger amaonuyn)t eodrp tae (t2rBicpxodt o 6 0x, Swar ovski
designated certain | ocations along the route
range visibility. We made compl ete  °stapsugfitng
bi noculars and telescope. One person (PRM) <co
bi @&sach survey required an average of 7 hours

average distance of 79.9 km.

When we identified a raptor, we recorded t
estimated | ocation on previousldy tGaroegplaer ed map
Terr aMethhOdoAs After surveys, we used the same

|l ocatir oms printed maps to | atitude and |l ongi't



al so identi fi elde ggeed ntbawkh) ,( Rorudghesti mated t he
(American Kestrel) oWe eadghasathipriyastreexdv lat@hle pgesi b
Snowy Owls based on met hods haeneawrrear breedc ebryt Jroessee
f outndese met hedsnreliabl e (Bontdholksotwei dawddn®tof
Snowy Owl esdxXx mart eage anal yses. Wadex domodal Ir eca

species that cduwlditmensli sai mgsi dheidng surveys

To minimize counting the same individuals
characteristics and the direction of movement

Snowy Owls and Bald E3Bglteaaywks tdher il mg geome mder

identifying individuals more difficult.
Control Sites

We created control sites (i .e., | ocations wit
controls for the presence of wind turbines. W
Amher st I sl and, and the di shaeaclkobé&istbunmBomes
structures, and public roads. We then used th
designating our control sites; thus, control

confounding fact owesr sluicnhe sa s( G ddcandasm tea@@d2 dplo 201 7,

Wal ters et al 2014) .

To generate control sites, we used Googl e
most northward, southward, eastward, and west
created random points withimandhebdendofinmncoooad
version 4.2.2 (R Core Team 2022). We removed |
measur ed oenacthh ep giasnimasnid our set of rules. We r1 er

¢



within 616 m from Lake Ontdmioomt oDdhimef rsamupgulu
and 124 meddrama\esde$i ned a forested area as a
together to obscure the ground between them o
by forest on all sides. We also ensured contr
anort hes true wind t+wamitmersi tresnoan emgf moom cmoeat
than 405 meters ffoemsianet hemocedtchbbssntley r a
Finalngyr ¢ ot ke wind turbines did not affect bi
points |l ess than 810 m (double the minimum di

turbine. We created 26 control sites to match

O Wind Turbine
O Control Site

e Route

FiguMaplof Amherst | sland with turbine sites,
alternated bdtheweemsdst ot iwregt side of the isla

M N



Statistical Analysis
We conducted our plotting and statistical ana
code and the f udelpodsaittae ds eitn hCypveen bSeceinence Fr ame

(https://osf.io/lfb5s6al?view_onl.y=29c3beald9f 314

Di striobutRiapgmn ors on Amherst 1|1 sl and

OQur data se7tobisreacglviadednd, 2 presentingof 16 rapto

di stribution, we removed any species with few
turbine construction, | eaving us witthai6l efdoc al
Hawk, -Regagéd Hawk, American Kestrel, and Snow

We tested the hypothesis that wind turbine

wintering and migrating raptors with |linear m
nl package; -{6@ysPonh8&8i do et al. 2023). We use
or control site as-rolbe tesapehoe meadritabl enpfouvle

residual s) because we wearng emadds tft edarthisemr es t e i ay
creanedpredi ¢(SO0yemedrTuablbienwi Ph efsemrcellevel s: wi
site before construction, wind turbine site a

contr ol site after constructi on, wher e const
on the i slusn,d t(ReDsle8 )f.oulrh | evel s incorporated ¢

control sites) and tempor al (before and after

We ran separate models for each focal spec
i ncorporatingasarcaanddmefrava@ttoronwi t h model s wi tt

model s using restricted eWanicahuteeld skterl @ rhdbocond me


https://osf.io/f5s6a/?view_only=29c3bea19f314246b91eaaa258188900

factor because each observatdostwaseas$ssoai at a
ta contra@ahndsitfea raptor i s observed in a | oca
|l i kely to also be fountNefoomparedwmygdélromecbhao
Il inear mixed effectussiamgd Alkea Kte d (i aremat mode ICy
wi t h tpheer fboersnii ng model having the | owest AI C v
mod el and checkmrg Znoudreletfidl fo(l2®WI), by pl ott
standardi sed residuals between factor | evels
variances, examining histograms of model resi
modsesh®wed significant diffed®8incesTyme vamd ahwrel
Preséeprovedbs, eHethowa mevised model that all owe
variance structures across the |IDAYeTymdyd spec

Turbine) Papdeneassessed model fit (Zuur et al

We used theianaky $§ ABNOVYA) vhunction to deter.
raptors from focal sitewedialWbetbdnamompgapeddp
di fferences among the four |lemméBnarssinigh TLUK& .y

Lenth 2021).

I f wind turbines Iimpacted the spati al use
then we predicted theybDwouhd@lteurf biome- $iutre hep
construction. We al sosfprendicotnd-daotldh-spiotse&sp perei o

would not di ffer.

Di stribution Based on Age
For analyses of distribution based on age, we

20 i mmature records, excluding Snowy Owls due

M H



and Stoffel 2012). Our focal specieswheredwet
separated individuals into two age cl asses: [

(definitive basMcCol (d&d®) .f ol | owi ng

We tested the hypothesis that wind turbine
wintering BaddmBgghdsaog age with gener al l i ne
squar es mo cd lpsa cuksaigneg; tlhee@ r sPonh&i Ao et al. 202
same response variable and predictor variable
al so i nalsuded oaagle predictor variable with two
compared model s incorporanhdom bDhsteowawi bh ma

random factor (both models using restricted m

compared model s without an inter &dffemmndter m,
Tur bi ne'alrde saegrec,e wi t hout age included, and wit
performance as described above for overall di

We used the ANOVA f un cBtail adn Htaoc) fdeesteedr minn e hwehi e
from focal sitesbasmedgopWweademparetdepal swise d
the four | evels to identify which |l evels diff

packeangnee amer si-bn Le®tHA 2021) .

|l f wind turbines IimpactebytBal dpBeghdanuage
then we predicted (hdul beeowdulimtnab@agesdthdskes:
turbinecoinseéesupgodoson comparadt wohh wreh no dif

Ssitegepsetsumplishe construction.



Abundance

For our abundance analyses we includea a@awmy sp
sur weyg all, leaving us with eight ftoaxialled peci
Hawk, -Reggéd Hawk, American-ekkeedr ©w] , Saowdy NOwl
Shri ke. We ithwd uldevedlsessimsiomg) as a random fact c

control for potential seasonal differences in

To assess abundance trends of wintering an
generalizeeflfiere &r moideeéd with raptor count (i
recorded on each complete suneep)edscthe wasp

two | exalrdi npreonsitmuudbdtiinencoarsd rpest on.

We first ran model s wit bl afePmodtsistome ddn stthre b
package (3%, sBaotnesl.elt al. 2015). We ran the fu
plotting standardi zed residuals against fitte
deviations from expected di sftorri bcuotriroencst adnids tlrii
(Kol mogmirmwov test), di s peDrHSAIRdga ¢ kaengde o(uvt d ri seirasn
FIl orian Hartig 2022). Wevtameémnicestodd rtelse dhama

using plots and Levene tests fornhbabigemeus$iyn:

DHARMackage. We also ran the full model for e
independently and examined its fit by plottin
predictors, tested the homogenteart yusiinngv aprli catnsc

Levene tests for homogeneity of variance.

| f the first Poi sson model did not me et as

Poi sson model with a dispersion par-amkeltateda

M n



model , and a neigatliaeedhi modelal EkEZkrwe encount e]
modehwa removed season as a random effect fro
covariance matrices to be estimated precisely
2017). We identtingdmotdel bast tihda silrmplImosdte | mad

and present t hefirtetsiunigt smoodfe Itsh.ese best

Shoeeratr e d o@wlt sdmanncyl uzdeer os and occasionally h
chall enges f or weaoldsemn fbiitntoinwfgelr dmotdiseel sr e sponse
si mpl itfhpeeels ¢ ®mc e odr Sehds @t cO@w!l s JMs eath es usravneey
predi ct ori pvraervia hullsenacadeeeinisincl uded season as a r a

examined model f.it as explained above

We al so acnodmppilloetdt elcht mlpun dl kneec®nt afraro Regi on
compaMes aB sreesnrsdesd ith abundance across the Lake
Bird Count data (Na®dR®DFPalf oAudwbornd o8@di stuy vey
same winter season as our winter surveys) com
on Lake Ontario (New York, Ontario) and at t h

Amher st | sl ardu(s@amda n osd uaen,d sT) .

We plortesesdht Be ourusannagl ytsheas g |(pade2ksaigeen 3. 4. 0

Wickham, 2016) .

Mp



Chapter 3: Results

Di str iobfutRaopnt or s on Amherst | sl and
We found no evidence that our focal raptor sp
in response to wind turbines (Table S1, Fi g.

Northern Harrier

Habitat use by the Northern Harrier did not ¢
Har rtieenrdsed t owar dt mcacamrtrri mlg <iltoessert han turbine
2a, ANOMVAs 2 F273, We fo@nd7@p. di fference in the
Harriers to wind turbine sites before versus
Harriers also did not differ in their distanc

constr ukeay otne (tT,u p = 0. 97) .

Bal d Eagl e

Habitat use by the Bald Eagle did not <change
occurred closer to control Sitess~th&8n4008r bpne
<0.0001), particularly on the west end of the
di stance of Bald Eagles to wind turbine sites
1.0); Bal d Eagl es alnscoe dtiod cnoontt rdoilf fseirt esn btehfeoir

construction O)Tukey test, p = 1.

Redai l ed Hawk
Habitat Riesteaiblye dtihdeawlot change foll owierdg tur bir
t ai |l edt ethadwekds t owat dtse caxcamrtrriacnlg sites than turbi

(Fig. 2cga 15MNQVA05F Wp FOuléG6no0 differeneiel éa t



Hawks to wind turbine sites before wvtearisluesd af t
Hawks al so did not di ffer in their di stance t

(Tukey test, p = 0.55).

Rougbgged Hawk
Habitat wusel ebgygetdh eHaRwku gdhi d not change foll owin
contr ol No ANOWVAhrsRel siTesp (= -De§ged Hawdk Rosigoy

evidence of avoiding wind turbines (Fig. 2d).

Ameri can Kestrel

Habitat use by the American Kestrel did not ¢
contr ol no(r ANQVA,bsnFel .s7i9%t7¢ s p = 0.15), and Amer.i
evidence of avoiding wind turbines (Fig. 2e).

Snowy Owl
Habitat use by the Snowy Owl did not change f
nor tur(bAME@Vésisttlels 474, p = 0.22), and Snowy Ow

avoiding wind turbines (Fig. 2f).



a - Northern Harrier b - Bald Eagle
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Control site Control site Turbine site Turbine site Control site Control site Turbine site Turbine site
Pre-construction Post-construction Pre-construction Post-construction Pre-construction Post-construction Pre-construction Post-construction
¢ - Red-tailed Hawk d - Rough-legged Hawk
151 : 151
10 A = = = 10 % 4 . =
51 5
0 0
Control site Control site Turbine site Turbine site Control site Control site Turbine site Turbine site
Pre-construction Post-construction Pre-construction Post-construction Pre-construction Post-construction Pre-construction Post-construction
e - American Kestrel f- Snowy Owl
15 15
x
101 3 3 3 3 10 2 3 3
5
0 0
Control site Control site Turbine site Turbine site Control site Control site Turbine site Turbine site
Pre-construction Post-construction Pre-construction Post-construction Pre-construction Post-construction Pre-construction Post-construction

Figubes2ance (m~1/3) from control sites and w
construction for 6 focal r apgroadispteecd eme a Bl vaal
95% confidence | imits as errorf draresactPim&kptpwn
speci es Raptors were observed on AMAMmhdarlgt | sl
before (2015, 2016, 2017) and afté&stEe20s%s 20
indicate significance ( *bpet<weC.n0O 5 ;o0 c*a*tp o<n sO .aOnld,;
foll owed by Tukey HSD tests). Sample sizes ar
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Tabl®ampl e si ztesplaci esadbfef or e

MNorthern Harrier
Bald Eagle
Red-tailed Hawk
Rough-legged Hawk

American Kestrel
Snowy Owl
Short-eared Owl
Northern Shrike

Di stribution

Bal d

( ANOVA »=3F0. 28,

Pre-construction

Based

p3) =

109
73
350
528
58
270

on Age

0.60,

Fi

g.

and
Post-construction

306
206
432
602
47
100
76
17

Eagl es cofa sdsiefsf edriedntnoatgedi f f er

after wi

n

t hei

r

nd

di

1



b ot |-
SENN . el

Distance to site (m"1/3)

Control site Control site Turbine site Turbine site
Pre-construction Post-construction Pre-construction Post-construction

Fig@bestance (m~1/3) from control sites and w
construction fommadulbe (n = @97B)aBdld Eagl es.
represent mean values with 95% confidence | im
represent raw dasaopoihngtet aceR&Bdl BagGghhgét ewer e
Amher st I sl and durin@pwiintierbedrmd es dr2i0lg,( ROMB
(2019, 2022, 2023) .wind turbine construction

Abundance

We found that some raptor specikst waeAmhee spel
befwerafutser wind turbine 4aonsdthrieect isprec( Basblsen oS
abundances and one species showed | owédr. abund
One other species showed atbrbhee ctconstdeuoncei o
trends i n abunpRramd epordde thvee ecro npsrte ucti on peri ods

trends in abundancemfacross fbealLakpeOntearifo



Northern Harrier
Northern Harrier abundance was significantly

turbine construct3.om6, Poi=s4al.n0 @d 2nm, Fizg .=

Bal d eagl e
Bald Eagle abundance was significantly higher

construction (5P.004s,s ofd 7g N3 ez =

Redai l ed Hawk
Retlai |l ed Hawk abundance was significantly hig

turbine constructa.oml,  Pmoid4s3®.Nn04Q,l mim,g .z =

Rougbgged Hawk
Rou-gbgged Hawk abundance did not chamdgd adfetder

gl mm,-0.z12, p 4d)0. 90, Fig.

American Kestrel
Ameri can Kestrel abundance did not ch@nib®, af't

0.3, Fig.

©
I

Snowy Owl
Snowy Owl abundance was significantly | ower a

construction (Poissond4g)l.mm, z = 2.06, p = 0.0

Sheeratr ed Owl
Shoeeratr ed Owl abundance did not changela3%er tu

p = 0.46, hbwgver, (t(Sheerdti dalc@Wlowasnasei gni fi cant |



hi gher after wtwompiamecedaornrdethrtwetbhiionre constructi o

2.25, p = 0.02).

Northern Shrike
Northern Shri ke ahbsumngda naifed adrit dt ynrolt i mceh amagrest r uct
gl mm,-1.z96, p 4h)0.a0% hokiigdh. it approached signif

turbine comMejruction (Fig.
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Pre-construction Post-construction Pre-construction Post-construction
Figdmdbde abundance of raptor species in the La
hour) and on Amherst | sl amaf d ma mbred / sfutrereyt)urft
construction. B-pbaeki popedt meane modeB5% confid
grey points are the Lake Ontario Regional me a
Christmas Bird Counéepfteseni onaw ®an& points f
Raptors on Amherst | sl amd wéehdan@i@msygl yebdetlar en
2016, 2017) and after (2019, 2022, 2023) wind
Ont ari o Region are provided0®B3P3Pt h8amMpt eosnkesd
raptors on Amherst l-akasdhave di vearéent Tabhee:



Chap4abBrscussi on

To examine whether wind turbines affect the d
conducted standardized field surveys three ye
(2019, 2022, 2023) turbineriionstQulrl astiixonf oocna A ns
Northern Harri#ta] | Bal dHdkeéggyle®Rlo uHpbwdk , Ameri can K
Snowy Owl. We found no evidence that any foca

wind turbines duwmidyg the period of our st

Negative effects of wind turbines on the a
found in someCpmpededlstiGarudiare seNMAalGad,e 2 Olil a l
For exampl eMi BYags kmiKgnt&mesd( with GPS trackers u
tur bi nes |eexspse gdtfeteenn tthlreang pMlar Quegoteéeéntal al 2020) .
al so been found to change their flight direct
when turbine bDea dlass arteGadrpvii ri@dng &In. o2mEX st u

raptor observation€anhpedelk ePdecantecagrg itnisd pedtn easl . (

For example, odengtudpgpt 6ouaibdubedaiacbhe nwea sc ornesd w cu
witht &etded Hawks, Turkey Vultures, and Ameri c:
2011) . However, in a diff-eaehedstHadlig, nTmbkeeyp )
t ur beixnpeesr i enced an i niticalnsd eaanldine e@ eibromenddieadt & Iny
following years, although American Kestrel nu
after turbine construction (Dohm et al. 2019)

These previous studies may have found resu

di fferences in wind farm and habitat charact e



wind farms with | arge clusters of turbines <co
(Lar sen and tMuaats elme t2t0DrO )char acteri ze t he Amher.
addition, smaller wind farms, such as Amher st
no declindenisnt specicegnprafr@idmdvi ( Bed S md ez al

Further, the Amherst I sland windffaammhaingl | oca:
hi storically cl| eadsRh(egloan pamsd uRBeb eavnitds ucsr odpd Tadi) e
have shown that managed forests or areas with
to show reduced chanwesdi hubbrdepocpukatriucns op

species that are sendiatvieveal tr @ aRleyh Ibireregn ogjte satic. ( c:

Finally, differences between some previous st
focal raptor species sspedciedi c wet ive elivahdne mecter &
al . 2019) .

Our findings are consistent with some othe
of wind turbinesDaml reatpHeoirn sRalbdicdg @t gas&bf¢ 2015
exampl e, st-udi ksdtdElaigjheaste)(sf abbdchnobl avi dence ¢
avoi danddahvereaMdy!l et2@13Fuz2@har | ewWhEtngl es cont
breed in similar | ocations before and after w
may have decl i ned oneaadrulwisnmd vtud rnkeirraebs ldue tt o b
with win@dat e@hirenteasso (eSSt wadi.e s2 0olm6 ) Mothitracguusés Har r
pygay gniessts and col onies and other raptor popt
turbine chensltuaads ilder A§Midigeglo4 gt Bl naPDg5 ot he
argue that while raptor dhiurbd aarec ece omay riurcitti ioanl,

suclcas pbawks, Tur key -tVauillteudr eHsa waknsd, Rwadyr rh atbd t u a

H P



t heitrurplriene abundance si x dxohmoree FadrafrZsh la@f it eal

2017) .

Our study also addressed whether wind turb
Bald Eagles on Amhet asMekegsloamdl hésmded acduldagend
Eagles did not differ in their response to wi
turbines redudédshakstubdt qoalragts with previ
rel at etdaiWlhed eEagl e that found evidence that ac

i mmatbakls €t al . 2013) .

Whil e our study was notl edveesli grneesdp otnos etse,s tw ef
analyzed raptor abundance data that covered b
after turbine construction. Wgeheuad!|tyhairpop
regional popul ation trends around Lake Ontar
rel ati vel yvesrtsaudsluaep miism ep rseaur vleggg gyeechrda WkKR,0 uAgrher i ¢
Kestrel, Northern Shri kedancse noer sopceecuurerlse moaec rier
construction years (Notahked Hamwmke¢ed 5QwBR)| daka
species decreasiaAgribn n®@bcmhasncacitn omogtears (S
similar trends duwrr ftdceea lp osppud caitd so ngse noefh &d rlda k e
thus not associated with wind turbine constru
reflect specific responses to turbines on Amh
rebounding in the Lake Ontario region after t
and a reduction i rEafkdres edQrtaileorn)a®WyB Rhu nmannds Wi | d |
Servige B020 | arly, a decrease in snow cover

hunting conditions for s peeadreed(IEnkieasrNonrntemer mn



Climate Change Canawhi 2B2QoulSodnexpldail®86heir
Amher st I sl and andragifbosshibleelLadlbu®@daaceoof

dur i Rtgurpbriene year s ian aumnsuws usessldyh Wwaarregdei wir tulpt i or

species across eastéearen wN@mhtelm r breenr2i®@dldbal ., 2017
Previous studies varied in the strength of
variation in reported evidence for 1 mpearce of

used, s4aocnhd -pospriene data coll echeynt wpitdhalslpytf
little effect of wind turbines on raptor abun
a retutarbonprabundance FavéBkBas agHdaran SRdd@e@gida l

et allOce@da&bonal Wyt hsrotbiuet desi gsnpsechiafviec aelfsfoe c
wind turbines obDnohrma pettora bab uwnodhkedrr ¢ eraafpdt drr eaebdu mdya
suc ot nudr bti ne c¢c dDmstlr keatGiad vi @0&a@hah. s0ahper

met hods welhe®ewersodu cuiseesd have generally reported
(Mar ques eWala&ler 202ReHirgcge00$ )e.t bBd fafrze®dF 9 t ur bi n
construction study designs wrahesgasuédtsedrtr

20 1DPa h | et) ;alh.owelvle2 , few studies use these sal

effects onnkrlaipntgo Mstr (pdes 2e0t22al . 2021) .
We used multiple years of surveys, spatial
obseryawhooné&® gives us confidence in our resul

and spati al conttol agppuoacdias thianveg ddilfsf erren c
sites, and control fd&ronrotekampdenf enamdiweg noar i
before tur b,jwee magn shtarviec tmiesn nt er preted- our Bal

wheBal d Eaapddredrr t her from tur biHoeesteutréod ntehan co



constnteetpioo al contr olsse dldmd res tecnactielsg dwieia hed tnhoe

turbines, betxiisnsingadi by ep Badcaksl Guar Isd huidtya tt owk
pl ace over a span of nine years, with data co
three years after turbine const rpuoccpuloant,i can | ow
fluctuations; our surveys also included years

suew years both before and aft &rraptuorbsi nien ctootsa

Our rckesmdnsthmaat € oraging raptors continue t
bef ore the wi ndsutgugrebsotniénsgn wée r e robsuhiihfetpsi tiant plroesys
availability for wintering and migrating rapt
occurred, we would expect raptors to have cha
mi grating raptors gkl prceéeiychdrdasa totlat owt aiesiong cle
Johnson andMarhzlrulyd @0 1§hepgr.d Oaitr alesu2@ 53 dem
that, despite some collisions with turbines (
wintering and migrating raptors have not chan
turbi Dewegaolunpd evi dence of negative i mpacts of

health of raptor popul ations, Omediratoed by hab

HY
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Appendi x A: Supplementary Resu
Overall Distribution

Tabl AN®VA results testing the i mportance of t

raptor species. Distance to site was the resp
predictor and included four Iliewel x:ondaoarmotlr sli tse
turbine construction, wind turbine site befor
construction. Asterisks indicate significance

(Tabl e S2) drecdwedbrdtdre veeilfsf evi t hin Treat ment

: F-Value P-Value
Northern Harrier 2.27 0.079
Bald Eagle 18.41 <0.0001***
Red-tailed Hawk 2.41 0.066
Rough-legged Hawk 1.17 0.32
American Kestrel 1.80 0.15
Snowy Owl 1.47 0.22

Tabl keS2alts of Tukey tests for pairwise compa
significance: *p < 0.05; **p < 0.01; ***p<0.0

Northern Harrier

Contrast . Estimate : Standard @ Degrees of T-Ratio P-Value

Error . Freedom
Pre-construction

Control site ~ 0.030 0.288 163 0.11 1.00
Post-construction
control site
Pre-construction
control site ~ -0.303 0.319 193 -0.95 0.78

Pre-construction
wind-turbine site
Pre-construction
control site ~ -0.397 0.286 158 -1.39 0.51
Post-construction
wind-turbine site
Post-construction
control site ~ -0.333 0.226 207 -1.48 0.45
Pre-construction
wind-turbine site
Post-construction
control site ~ -0.427 0.175 601 -2.43 0.072
Post-construction
wind-turbine site
Pre-construction
wind-turbine site ~ -0.094 0.222 198 -0.42 0.97
Post-construction
wind-turbine site

nn



Bal d Eagl e

- Estimate = Standard = Degreesof

Error . Freedom

Pre-construction

control site ~ 0.054 0.392 276 0.14 1.00
Post-construction
control site
Pre-construction
control site ~ -1.418 0.392 276 -3.61 0.002 **

Pre-construction
wind-turbine site
Pre-construction
control site ~ -1.439 0.421 276 -3.42 0.004 **
Post-construction
wind-turbine site
Post-construction
control site ~ -1.472 0.385 276 -3.83 0.0009 ***
Pre-construction
wind-turbine site
Post-construction
control site ~ -1.493 0.233 276 -6.40 <.0001 ***
Post-construction
wind-turbine site
Pre-construction
wind-turbine site ~ -0.021 0.414 276 -0.05 1.00
Post-construction
wind-turbine site

Redai |l ed Hawk

Estimate | Standard : Degrees of
: : Error :  Freedom
Pre-construction
control site ~ -0.352 0.152 761 -2.32 0.094
Post-construction
control site
Pre-construction
control site ~ -0.104 0.167 689 -0.62 0.92

Pre-construction
wind-turbine site
Pre-construction
control site ~ -0.336 0.166 785 -2.02 0.18
Post-construction
wind-turbine site
Post-construction
control site ~ 0.249 0.162 720 1.54 0.42
Pre-construction
wind-turbine site
Post-construction
control site ~ 0.017 0.162 834 0.10 1.00
Post-construction
wind-turbine site
Pre-construction
wind-turbine site ~ -0.232 0.176 776 -1.32 0.55
Post-construction
wind-turbine site



Rou-gbgged Hawk

Contrast i : Standard : Degreesof T-Ratio P-Value
: ; Error Freedom :

Pre-construction

control site ~ -0.192 0.134 2256 -1.44 0.48
Post-construction

control site

Pre-construction

control site ~ -0.242 0.138 2256 -1.75 0.30

Pre-construction
wind-turbine site
Pre-construction
control site ~ -0.125 0.134 2256 -0.94 0.79
Post-construction
wind-turbine site
Post-construction
control site ~ -0.050 0.134 2256 -0.37 0.98
Pre-construction
wind-turbine site
Post-construction
control site ~ 0.067 0.129 2256 0.52 0.95
Post-construction
wind-turbine site
Pre-construction
wind-turbine site ~ 0.118 0.134 2256 0.87 0.82
Post-construction
wind-turbine site

American Kestrel

Contrast gEstimateé Standard = Degreesof = T-Ratio = P-Value

Error Freedom
Pre-construction

control site ~ -0.080 0.360 206 -0.22 1.00
Post-construction
control site
Pre-construction
control site ~ -0.493 0.340 206 -1.45 0.47

Pre-construction
wind-turbine site
Pre-construction
control site ~ -0.726 0.360 206 -2.02 0.19
Post-construction
wind-turbine site
Post-construction
control site ~ -0.413 0.360 206 -1.15 0.66
Pre-construction
wind-turbine site
Post-construction
control site ~ -0.646 0.378 206 -1.71 0.32
Post-construction
wind-turbine site
Pre-construction
wind-turbine site ~ -0.233 0.360 206 -0.65 0.92
Post-construction
wind-turbine site



Snowy Owl

Contrast éEstimateé Standard | Degrees of T-Ratio P-Value

Error {  Freedom

Pre-construction
control site ~ 0.402 0.338 367 1.19 0.64
Post-construction
control site
Pre-construction
control site ~ -0.225 0.217 367 -1.04 0.73
Pre-construction
wind-turbine site
Pre-construction
control site ~ -0.121 0.298 367 -0.41 0.98
Post-construction
wind-turbine site
Post-construction
control site ~ -0.627 0.316 367 -1.99 0.20
Pre-construction
wind-turbine site
Post-construction
control site ~ -0.523 0.350 367 -1.50 0.44
Post-construction
wind-turbine site
Pre-construction
wind-turbine site ~ 0.104 0.272 367 0.38 0.98
Post-construction
wind-turbine site



Distribution Based on Age

Tabl AN®YA results testing the i mportBma¢ce of t
Eagl &i stance to site was the resapoinaskel esariimadbll

treatSm@pemea(d Tur bi)newhirels einlceel uded four | evels
turbine construction, control site after turb
construction, wind turbine site after turbine
i mmature$.i Adt entesk s*ipg n<i fOi.cOabnc **p < 0. 01; ***
(Table S4) tested for differences between | ev:

Site Type and Turbine Presence 18.05 <0.0001***

Age 0.28 0.e0

Site Type and Turbine Presence ~ Age 0.17 0.92



Tabl ReS4l ts of Tukey t esotBsalfdorE apgali eravgi@sfe dciofnipear
cl sssseAsterisks indicate significance: *p < 0.

Pre-construction

control site ~ Adult 0.35 0.48 363 0.280 0.85
Post-construction

control site
Pre-construction

control site ~ Adult -1.12 0.32 363 -3.35 0.003%*

Pre-construction
wind-turbine site
Pre-construction
control site ~ Adult -0.66 0.43 363 -1.52 0.43
Post-construction
wind-turbine site
Past-construction
control site ~ Adult -1.51 0.45 363 -3.35 0.005**
Pre-construction
wind-turbine site
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