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FundingTheauthor(syeceivedo specific sourceswind facilitiescanthreatenwildlife directly (e.g. collisionmortality) andindirectly
fundingfor thiswork. (e.g.displacement]2+6]. Themagnitudeof indirect effectsof wind facilitieson wildlife are
Competingnterests Theauthorshavedeclared  variable For exampletheimpactson elk (Cervus elaphus [7]), pronghorn(Antilocapra ameri-
thatno competingnterestsexist. cana [8]), greaterprairie chicken(Tympanuchus cupido [9]), and desertortoise(Gopherus

agassizii [10]) appeaidimited or benign.However somespeciessuchasgreatersagegrouse
(Centrocercus urophasianus) respondnegativelyto turbine presencél1]. Negativempactsof
wind facilitieson wildlife mayintensifywith the currentrapid expansiorof thewind industry
[12,13].ForinstanceUnited StategUS)wind powerhastripled in the pastdecaddg14], and
is forecasto morethanquadrupleby 2050[1, 15].

To date,the majority of researcton the effectsof wind facilitieson wildlife hasfocusedn
mortality of birds andbats(seeSchusteetal.[6] for review).Turbine collisionmortality in
theUShasbeenreportedfor 300bird speciesyith smallpasserine@Passeriformes)ompris-
ing 57%0f USfatalities[2]. Recenestimate®f annualbird fatalitiesin North Americahave
rangedbetweernl40,00Gnd679,00Q5, 16,17],thoughthe numberof USturbineshas
increasedy morethan 35%sincethoseestimatesvereprovided[14]. Thereis particularcon-
cernregardingraptorsof low abundancg?, 18,19],whosdow reproductiveratesandhigh
adultsurvivalmayhamperrecoveryfrom mortality atwind facilities[6, 20]. However for
mostbird speciesyind turbinescontributeasmallamountto total anthropogenianortality
[21] andmaynot significantlyimpactvital rates(e.g..annualsurvivalprobability) and state
variableqe.g. abundancegdensity,occupancyptthe populationlevel.

Wind energydevelopmenmayhavegreaterimplicationsfor the conservatiorof bats.Mor-
tality by turbine collisionhasbeenrecordedfor 24 of North America's47batspeciesprimarily
migratorytree-roostingbats[22]. Comparedo manypasserindirds,wind turbinesmayhave
amore pronouncednegativdmpacton migratorytreebats At the majority of USwind facili-
tiesthat havebeenexaminedpatmortality hasbeenestimatedo behigherthanbird mortality
[2, 6]. Estimate®f annualbatfatalitiesin North Americahaverangedbetweer600,00@Gnd
949,000but similarto birds,the numberof USturbineshasincreasedubstantiallysincethese
estimatesveredeveloped14]. High batmortality is of particularconcernbecauséasicdemo-
graphicinformation is lackingfor manyspeciesmnakingpopulation-levelnference®f the
impactsof wind facilitiesunfeasiblg23, 24]. Further,since2006 manybatsspeciefiavebeen
severelympactedby white-nosesyndromeand additionalmortality from wind facilitiescould
impactrecoveryof specie®f speciatoncern[25]. However jt shouldbenotedthat migratory
treebatsthat experiencehe mostmortality at wind facilitiesarenot asaffectedoy white-nose
syndrome[26]. Finally,becauséatshavelongerlife cyclesandlowerreproductiveratesthan
manybird speciespopulationsmaybelesdikely to remainstablewhenfacedwith additive
anthropogenianortality [22].

Despiteresearcho date thereremainsashortageof information on the spatialarrange-
mentand patternsof carcasseat wind facilities[27]. Understandingwvhatinfluencedall dis-
tance the horizontaldistancebetweera carcassindthe nearesturbine pole,isimportantin
designingeffectivecarcassearctprotocols(e.g. specifyinga minimum searchplot radius)
[27,28]andin accuratelyestimatingtotal mortality [29, 30]. For examplelargecarcassesave
agreatempossibldall distancqd27] andhenceahigherlikelihood of beingmissedduring sur-
veyswith smallsearchradii (e.g. becausef nearbyvegetatiorrestrictions)[31]. Thus,
accountingfor differencesn detectionprobabilitiesof largeand smallcarcasseis necessarin
reliablyestimatingmortality rates[31, 32]. Paststudieshaverecognizedhat theremaybe
otherfactorsthatinfluencefall distancen asimilarfashionto carcassize but research
remainssparsg29, 30,33]. For examplethe effectof turbine heighthasbeenmodeled27]
but empiricalstudiesandinvestigation®f the effectof turbine rotor diameteron fall distance
arelacking.Theeffectof animaltype(i.e.,bird/bat) and carcassizehasbeenboth modeled
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[27] andempiricallyshown[22, 34] but thesestudieshaveusedsubjectivelydefinedsizecate-
gories(large/smallland couldbeimprovedupon by usingfiner sizeclassificationg-alldis-
tancemayalsovaryaccordingto migration behavior(e.g.long/shortdistanceandnocturnal/
diurnal), whichis knownto influencecollisionrisk [2, 29]. A betterunderstandingpf the fac-
torsaffectingfall distanceaswell asthe distribution of fall distancestselfwill leadto higher
quality mortality estimatesnda clearerimageof theimpactof wind facilitieson birdsand
bats[29, 30].

Currentestimate®f bird andbatmortality atwind facilitiesaresubstantiallyariabledue
to non-standardizegurveymethodq16, 32] andinconsistensamplingof wind facilities
acrosgheNorth Americancontinent[2]. Likewisejn someregionsinformation aboutcar-
casspeciegsompositionis basedn datafrom arelativelysmallnumberof wind facilities.For
exampleEricksonetal.[17] andthe AmericanWind Wildlife Institute (AWWI) [34] summa-
rizedspeciesompositionfor the easterrNorth Americanbiomebasedn datafrom eightand
20wind facilitiesrespectivelyEachof thesestudiesmprovedupon pastknowledgebut more
extensiveeviewshavebeencalledfor to clarify and confirm findings of speciegomposition
andcollisionrisk [17,34]. Manywind facilitiesreportthe resultsof carcassurveyso the US
FishandWildlife ServicUSFWS)n accordancevith federalpermitting, but muchof this
datahasnot beendisseminatedo the public[16]. In the NortheasternJS,44wind facilities
havereporteddatato the USFWS presentinghe opportunity for asubstantialmprovement
in our understandingof regionalspeciesompositionof bird andbatfatalitiesatwind
facilities.

Here,weinvestigatechdatasedf bird and batfatalitiesat wind facilitieslocatedin the
NortheasterrlJS.Our objectivesvereto: 1) generallydescribeaxonomicpatternsof bird and
batmortality, and 2) examinewhetheranimaltype (bird/bat), bodysize migration behavior,
or turbine sizeinfluencethefall distance®f carcassesssociatedith turbines.

Methods

Betweer2008and 2017 the USFWSeceivedecordsof individual bird andbatfatalitiesfrom
asubsebf wind facilitiesin the NortheasterdJS(Fig 1). Facilitiessubmittedthesereportsasa
condition of eitheraMigratory Bird TreatyAct speciapurposeutility permit or scientificcol-
lectingpermit, which allowedfor collection transport,or possessioof migratorybirds for
mortality monitoring or scientificresearctand educationapurposestespectivelyrifty per-
centof permitteesvoluntarily reportedbatfatalities We areunsurehow manyof thesefacili-
tiesmayhavealsocontributeddatato studiessuchasthoseby AWWI [22,34].Howeverwe
include44total wind facilities,comparedo 20in the easterrregionof North America
includedby AWWI [34]. Thus,the majority of wind facilitiesin our studycontributenewdata
in examiningspeciegsomposition.

We supplementedatality recordswith classificatiorinformation andmodelcovariatesBy
speciesyweaddedmigration status(i.e.,residentmigrant, partial migrant) and population
data[35], taxonomicclassificationnformation [36, 37], trophic guild information [38], timing
(nocturnal/diurnal)anddistancelong/short)of migration [39], andbodymasq37+39].By
wind facility, weaddedturbine hub height(distancerom the groundto therotor center)and
rotor diameter|14]. We createda seconddatasetisingonly fatalityrecordsthatincludedfall
distanceand supplementedt with datafrom online, publicly availablgost-construction
reportsfor two additionalNortheasternJSwind facilitieswith largesamplesizesCriterion in
Maryland[40,41]andRecordHill in Maine[42].

We usedthelme4packagg43] in R[44] to creategeneralizedinear mixed modelsfor fall
distancgm) of 1) birds, 2) bats,andcollectively 3) birds and bats(hereaftereferredto asthe
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Fig 1. Cumulative number of bird and bat fatalities reported to the US Fish and Wildlife Service between 2008
and 2017 by 44 wind facilities in the Northeastern US. Statesn graydid not reportanyfatalities Exactiocationsof
wind facilitiesthatreporteddataarewithheld dueto privacyconcernsBlackcirclesrepresentll wind facilitiesin the
Northeasten USandsizeindicatesthe numberof wind turbinesin eachfacility [14].

https://abi.org/10.1371durnal.por.0238034.¢0L

birds-only,bats-only andall-taxamodels).Our predictorvariablesn thesemodelsrelatedto
turbine dimensionsand animalcharacteristic§Tablel1). All modelsfeatureda Poissorproba-
bility distribution with aloglink andarandomeffectfor wind facility. Prior to modelcon-
struction,we centereccontinuouspredictorson their meansand scaledhemby two standard
deviationgto assistnodelconvergenc@l5] and enabldatercomparisorof modelcoefficients
[46]. We alsoroundedfall distanceso the nearestntegerto meetthe Poissordistribution's

Table 1. Predictor variables used in generalized linear mixed models of bird and bat fall distance.

Predictor Variable Description Source(s)
Masg P For birds, speciesmalebodymassFor batsmeanof speciesminimum and | 37,39,
maximumbodymass 48
Turbine hub height*®€ Distancefrom the groundto therotor center 14
Turbinerotor Sweemliamete of turbine blades 14
diametef*©
Turbine diamete: Interactionterm betweerturbine hub heightandrotor diameter 14
height-°
Animal type® Bird or bat NA
Migration distancé Long-or short-distane bird migrant 39
Migration timing® Nocturnalor diurnal bird migrant 39

All-taxamodelpredictorvariable
PBirds-onl modelpredictorvariable
“Bats-onlymodelpredictorvariable

https://abi.org/10.1371djurnal.por.0238034.t0D0
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assumptiorof non-negativantegervaluesWhereturbine dimensionsvariedwithin anindi-
vidualfacility, weassignedo eachrecordthe mostcommonhub heightandrotor diameter
for that facility. We removedfatality recordswith fall distancegreaterthan 100m, assuming
from previousmodeling[27] that theserecordswerelikely unrelatedto turbine collision.We
alsoremoveddatathat lackedspecies-specifitass/aluesdueto missingor unknown species
classificationLastly for the birds-onlymodelsweremovedrecordsassociate@ith non-
migratory speciesyhich lackedmigration distanceandtiming valuesthereforeviolating
requirementdor latermodelcomparison47].

Rankingmodelsaccordingto the Information-Theoreticapproach48], wefirst con-
structedglobalmodelscontainingall applicablepredictorvariablegTablel). Wethenassessed
for multicollinearity amongpredictorvariablesyemovingvariablesaccordingto highestvari-
anceinflation factor(VIF) [49] until all VIFswerelessthan 3 [50]. Next,we measuredhefit
of eachglobalmodel(birds-only,bats-only and all-taxaglobalmodels)by usingthe MuMIn
packagg51] in Rto calculateamarginaland conditionalpseuda-squarecbasedn the Tri-
gamma-estimatenethod.We then calculatech dispersionparameterfor eachglobalmodel
usingtheratio of residualdeviancdo theresidualdegreesf freedom.Whereoverdispersion
wasevident(i.e.,dispersionparameter> 1[52]), wedid not attemptan observatiorlevelran-
dom effect[52], asthis would havepreventedneaningfulinterpretationof the marginaland
conditionalpseuda-squaredvalueq45].

Wethenconstructeccandidatemodelsfrom all combinationsof the globalmodels'predic-
tor variablesandrankedthemusingAkaike'sInformation Criterion (AIC) or, if the global
modelwasoverdisperseduasi-AIC(QAIC [53]). We considereccandidatemodelswith
AAIC < 6 assupportedby thedata[45,54,55]. Next, weremovedmodelswith uninformative
parameterdrom the modelsetsaccordingto the procedureoutlined by Leroux[56]. In this
processwe consideredoglikelihoodsvirtually identicalwhentheydifferedby lesshantwo.
We performedmodel-averagingvhenmultiple modelsmetthe AAIC andinformative param-
etercriteria.In averagingop modelsetsweusedthe naturalaveragenethodoverthe zero
methoddueto our generainterestin all predictorvariablesand our expectatiorthatsome
effectanight beweak[57]. We consideredoefficientsasaffectingfall distanceif their 95%
confidencentervalsdid not overlapzero.

During exploratoryanalysiswe notedpossiblamulti-modality in the densitydistributions
of bird andbatfall distancesTo verify this observationye performednon-parametricdests
usingthe ACRmethod[58], asimplementedby the multimode packagg59] in R.We
includedall bird andbatrecordswith fall distancenformation andvaluesof 100m or less.
Our null hypothesisn theseestswasunimodality,with o = 0.05.We setthe lower limits for
theseestsat0 m (carcassewith adistanceof 0 m werefound directly nextto theturbine
base}o reflectthe non-negativenatureof distancevaluesAlthough datarangedto 100m, we
setour upperlimit for testingto 60 m afterobservinghat the ACR methodtendedto identify
modesatthelocationof singledatapointsin thefar right tail of the fall distancedistribution
whenallowedto searchout to 100m. We consideredhesefar-right modesasreflectingnoth-
ing morethanthe method'scomputationalimitations under sparselataconditions.Weran
all otherfunction parameterat defaultvalueqsed52] and S1Code).Followingthesetestswe
usedthe multimode package'snplementationof ChaudhuriandMarron's[60] SiZer(SIgnifi-
cantZERocrossing®f derivativesto mapthelocationof significant(o. = 0.05)increaseand
decreases density,andtherebygatheredhsensef the potentialnumberandlocationof
modesBasedn thesampressionsye estimatedhe locationof modesusingthe Hall and
York [61] methodwithin the multimode packageagainspecifyinghe lowerandupperlimits
asO0and60m, respectively.
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Table 2. Five most frequent families of bird mortality at wind turbines in the Northeastern US.

Family Common Name Number of Fatalities % of Total Fatalities % Population Change 1970-2017" % of Species in Decline®
Parulidae NewWorld Warblers 576 28.25% -37.60% 64%
Vireonidae Vireos 440 21.58% 53.60% 17%
Reguldae Kinglets 145 7.11% -7.10% 50%
Phasianidae GrouseandAllies 75 3.68% 24.30% 33%
Turdidae Thrushes 74 3.63% -10.10% 55%

®Rosenbergtal.[64]

https://da.org/10.1371¢urnal.pon®238034.t002

Results
Taxonomic and temporal patterns

Forty-fourwind facilitiesreported2,03%ird fatalitiesspanningl7 orders, 41 families,128spe-
cies,and22trophic guilds(for acompletelist of reportedbird speciesseeS1Appendix).
Excludingunidentifiedfatalities passerines/erethe mostcommonorder (78%) woodwar-
blers(Parulidae)werethe mostcommonfamily (28%;Table2),andred-eyedvireos(Vireo oli-
vaceus) werethe mostcommonspecie$18%;Table3). Forty-ninepercentof bird fatalities
werelower canopy foliage-gleaningnsectivoreskFour specie®f hawks two vultures two
owls,andonefalconwerereportedtotaling 96 fatalities(5%).One baldeaglg Halieetus leuco-
cephalus) wasreported. Two uplandgamebirds, wild turkey (Meleagris gallopavo) andruffed
grouse(Bonasa umbellus), werereportedtotaling 75 fatalities(4%).0f the 128species] 23
wereprotectedunderthe Migratory Bird TreatyAct [62] and 103wereprotectedunderthe
NeotropicalMigratory Bird ConservatiorAct [63]. Migrantsaccountedor 59%of fatalities,
partialmigrantsaccountedor 34%,andresidentsaccountedor 8%.

Forty-ninepercentof all bird fatalitieswerecomposedf just eightspeciesied-eyedvireo,
golden-crownedinglet (Regulus satrapa), magnoliawarbler(Setophaga magnolia), black-
throatedbluewarbler(Setophaga caerulescens), ruffed grouseyellow-rumpedwarbler(Seto-
phaga coronata), commonyellowthroat(Geothlypis trichas), andturkeyvulture (Cathartes
aura) (Table3). Overhalf of all speciesverereportedlesshanfive times.Only threespecies
werereportedat morethan 50%o0f facilities(red-eyedvireo,golden-crownedinglet, magno-
lia warbler)andonly 19speciesverereportedat 25%or more of facilities. Themostwide-
spreadspeciesvasred-eyedvireo, reportedat 89%of facilities.By proportion to eachspecies'
total USpopulation,black-throatedluewarblerswveremostheavilyimpactedwith 25fatalities
peronemillion individuals.Theywerefollowedby sharp-shinnedawks(Accipiter striatus;

Table 3. Eight most frequent species of bird mortality at wind turbines in the Northeastern US.

Red-eyed/ireo
Golden-cownedKinglet
MagnoliaWarbler
Black-throaed BlueWarbler
RuffedGrouse
Yellow-rumpel Warbler
CommonYellowttroat

Species Number of Fatalities % of Total Mortality Total Population® Population Change 1970-2017%

376 21.72% 130million +43%

122 7.05% 130million -25%

99 5.72% 39million +51%

59 3.41% 2.4million +163%

55 3.18% 18million +31%

51 2.95% 150million 0%

49 2.83% 81million -34%

40 2.31% 6.7million +186%

TurkeyVulture
®Rosenbergtal.[64]

https://da.org/10.1371durnal.pon®238034.t003

PLOS ONE | https://doi.org/10.1371/journal.pone.0238034  August 28, 2020 6/22


https://doi.org/10.1371/journal.pone.0238034.t002
https://doi.org/10.1371/journal.pone.0238034.t003
https://doi.org/10.1371/journal.pone.0238034

PLOS ONE An evaluation of bird and bat mortality at wind turbines in the Northeastern United States

Table 4. Species of bat mortality at wind turbines in the Northeastern US.

Species Fatalities
Big BrownBat 21
EasterrRedBat 87
Hoary Bat 188
Little Brown Bat 16
Silver-hairel Bat 99
Unidentified Bat 7
Grand Total 418

https://abi.org/10.1371djurnal.por.0238034.t00

23/1,000,00ndblack-billedcuckooq Coccyzus erthropthalmus; 21/1,000,000)n contrast,
only threered-eyedvireosperonemillion individualswerereportedasfatalities.
Twenty-twowind facilitiesreported418batfatalities severof which wereunidentified.
Fivespeciesvereidentified andthreespecie®f migratorytreebats hoary(Lasiurus cinereus),
silver-hairedLasionycteris noctivagans), andeasterrred (Lasiurus borealis), accountedor over
90%o0f batfatalities(Table4). Thesahreewerereportedat more than 60%of facilitiesthat
reportedbatmortality, while the remainingtwo bats big brown (Eptesicus fuscus) andlittle
brown (Myotis lucifugus), werereportedatlessthan 25%of facilitiesthat reportedbatmortality.
Monthly mortality for birds appearedhighestin Septembewith asecondanpeakin May,
while monthly mortality for batshadasinglepeakin August(Fig 2). Monthly mortality alsovaried
for someorders migration typesandspeciegrig 2). Threemultiple mortality eventsvith more
than 20fatalitiesin asinglenight werereported Reportandicatedthat the largesievent(80fatali-
ties)wasassociatedith heavyfog.No batswerereportedduring anymultiple mortality event.

Spatial patterns

Our secondarylatasetf bird andbatfatalitieswith observedall distancancluded1,99%ec-
ords(birds =984 bats= 1,015)We removedfrom our analysesine bird fatalityrecordswith
fall distancegreaterthan 100m, and 136bird fatalityrecordsand 9 batfatality recordslacking
specieslassificationfFor our constructionof the birds-onlymodelsweremovedl6records
associatewith non-migratoryspeciesAdditionally, wewereunableto find supplementary
information on migrationtiming in Birdsof the World [65] for four bird specieg¢eachrepre-
sentingonerecord):leastflycatcherEmpidonax minimus), purplefinch (Haemorhous purpur-
eus), redhead Aythya americana), andring-billed gull (Larus delawarensis).

Our globalmodelsshowedarangeof performancen termsof fit (Table5). Thebirds-only
globalmodel'spredictorvariablesaccountedor 31%of the variationin fall distanceandthe
bats-onlyglobalmodel'spredictorsexplainedonly 3%.In eachof our globalmodelstheran-
dom effectof facility ID accountedor asubstantiaproportion of the variationexplainedas
evidencedy the disparitybetweerconditionaland marginalpseudaR? valuesAmongthe
all-taxa(S1Table) birds-only (S2Table),andbats-onlycandidatemodels wefound support
for six,four, andthreemodels respectivelyTables5+8).

Modelaveragingevealedraryingsupportfor theinfluenceof turbine dimensionsand ani-
mal characteristicen fall distance(Table9). Turbine hub height,whichweremovedfrom the
bats-onlymodelfor collinearity,did not proveinfluential in eitherall-taxaor birds-onlymodel
averageddoweverwheninteractingwith rotor diameterin the all-taxadatasethub height
did appeatto influencefall distanceasrotor diameterandturbine hub heightincreasedso
did fall distanceWithout interaction,rotor diameteralsoincreasedall distanceof birds-only
andall-taxa.Themagnitudeand confidencentervalsof thesecoefficientdndicatedgreater
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Fig 2. Fatalities per month for birds and bats, Accipitriformes (hawks and eagles) and Galliformes (ruffed grouse
and wild turkey), golden-crowned kinglets and black-throated blue warblers, and silver-haired bats and eastern
red bats. For monthly fatality histogram=f the 10mostfrequentfamilies,seeS1+S1Figs.

https://abi.org/10.1371djurnal.por.0238034.902
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Table 5. For each global model, variables, random effect variance (RE Var) and standard deviation (RE SD) of the facility ID random effect, number of observa-
tions, number of wind facilities (n groups), dispersion parameter (¢), marginal pseudo R? (R’m), and conditional pseudo R* (R%c).

Model Variables®
all-taxa A,D,H, M, D:H
birds-only D, H, M, MD, MT, D:H
bats-only D, M, D:H

RE Var RE SD n obs n groups ¢ R’m R%
0.02 0.15 1845 14 8.32 0.13 0.44
0.03 0.16 819 14 9.12 0.31 0.59
0.05 0.22 1006 9 7.27 0.03 0.52

FAnimal type(A), turbine rotor diamete (D), turbine hub height(H), masg(M), turbine diameterheight(D:H), migration distancgMD), migration timing (MT)

https://da.org/10.1371durnal.pon®238034.t005

strengthin theserelationshipsn the birds-onlymodelversughe all-taxamodel. We also
found strongsupportwithin the birds-onlymodel-averagedoefficientfor theinfluenceof
migration distanceon fall distance Short-distancenigrants,thosethat traveledno morethan
15degreeén latitude[39], tendedto fall fartherfrom turbinesfollowing collisionthanlong-
distancemigrants.Additionally, within the all-taxamodel-averagedoefficientswefound that
animaltype(i.e.,bird/bat) predictedfall distancewith birds associatewith greaterdistances.

Speciesnassprovedto bethe onepredictorvariableinfluencingfall distanceacrossll
threesetsof model-averagedoefficientsWe found that fall distanceincreasedvith species
bodymasdor birds-only,bats-onlyandall-taxa.This resultwasmostevidentin birds-only
andleastevidentin all-taxa.However the bats-onlyandall-taxamasscoefficientseaturedrel-
ativelynarrow confidencebandscomparedo the birds-only coefficient.

Examiningthe modality of fall distancedistributions,wefound bird (n = 975;p < 0.001)
andbat(n = 1015p < 0.001)densitydistributionsweresignificantlymulti-modal. The SiZer
mapsfor both distributionssuggestetivo peakqi.e.,bimodality).For bird fall distancethese
modeswerelocatedat 2.37m and 30.64m, with anantimode(i.e.,trough) at8.80m (Fig 3).
Modesof batfall distanceshowedessseparatiorandwerelocatedat 17.00m and 26.55m,
with theinterveningantimodeat 23.25m (Fig 3).

Discussion

Taxonomic and temporal patterns

To our knowledgepur datasetepresentshelargessamplesizeof bird mortality in the
NortheasterrlJS.Generallythe speciegsompositionof our dataconfirm findingsfrom

Table 6. Variables, number of parameters (K), delta Quasi-AIC (AQAIC), log-likelihood (LL), and QAIC weights
for all-taxa top model set. Shadedowsrepresentmodelswith uninformativeparameters.

Variables® K AQAIC LL w;
AM 4 0.00 -1283836 0.28
A 3 0.74 -1284975 0.19
A, DM 5 1.45 -1283608 0.13
AH,M 5 1.99 -1283833 0.10
A,D 4 2.21 -1284756 0.09
AH 4 2.73 -1284973 0.07
A,D,H,M 6 3.41 -1283589 0.05
A,D,H 5 4.16 -1284736 0.03
A,D,H, M, D:H 7 4.81 -1283342 0.03
A,D,H,D:H 6 5.57 -1284488 0.02

#Animal type(A), turbine rotor diameter(D), turbine hub height(H), masgM), turbine diamete:height(D:H),
migration distancg(MD), migrationtiming (MT)

https://abi.org/10.1371djurnal.por.0238034.108
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Table 7. Variables, number of parameters (K), delta Quasi-AIC (AQAIC), log-likelihood (LL), and QAIC weights
(w;) for birds-only top model set. Shadedowsrepresentnodelswith uninformative parameers.

Variables® K AQAIC LL w;
M, MD 4 0.00 -6126.48 0.18
MD 3 0.49 -6137.83 0.14
D, M, MD 5 1.31 -6123.32 0.10
D, MD 4 1.79 -6134.63 0.07
M, MD, MT 5 1.95 -6126.25 0.07
H, M, MD 5 1.96 -6126.30 0.07
MD, MT 4 2.14 -6136.22 0.06
H, MD 4 2.46 -6137.68 0.05
D, M, MD, MT 6 3.26 -6123.09 0.04
D, H, M, MD 6 3.30 -6123.28 0.04
D, MD, MT 5 3.43 -6133.00 0.03
D, H, MD 5 3.77 -6134.55 0.03
H, M, MD, MT 6 3.91 -6126.06 0.03
H, MD, MT 5 4.10 -6136.05 0.02
D, H, M, MD, D:H 7 4.80 -6121.03 0.02
D, H, MD, D:H 6 5.13 -6131.66 0.01
D,H, M, MD, MT 7 5.25 -6123.05 0.01
D, H, MD, MT 6 5.42 -6132.94 0.01

#Animal type(A), turbine rotor diameter(D), turbine hub height(H), masgM), turbine diamete:height(D:H),
migration distancg(MD), migrationtiming (MT)

https://abi.org/10.1371djurnal.por.0238034.t0D

existingliterature.Previouslythelargesteviewof bird mortality atwind facilitieswasatech-
nicalreportby the AmericanWind Wildlife Institute (AWWI) [34]. ThoughAWW!I did not
specificallysummarizedatafor the NortheasterrlJS,their North (including southeasteriCan-
ada)andEast(including easternT exasYegionsincludethe extentof our dataand serveasa
usefulcomparison.

Similarto other studiesspeciedn our datawereprimarily passerinegndnearlyhalf of all
fatalitiescompriseda smallnumberof speciegn < 8)[17,34]. Speciesverealsocomparable
to otherstudiespredominantlyred-eyedvireo,golden-crownedinglet,and magnoliawar-
bler.Raptorsmadeup just5%of fatalities similar to otherreportsin the easterrlJS[34], but

Table 8. Variables, number of parameters (K), delta Quasi-AIC (AQAIC), log-likelihood (LL), and QAIC weights
(w;) for bats-only top model set. BecausaQAIC waslesshansixfor all modelsthetop modelsetis the sameasthe
full modelset.Shadedowsrepresenmodelswith uninformativeparameters.

Variables® K AQAIC LL w;
M 3 0.00 -6300.13 0.44
none 2 1.61 -6313.25 0.20
D, M 4 1.76 -6299.27 0.18
D 3 3.34 -6312.27 0.08
D, M, D:H 5 3.64 -6298.82 0.07
D, D:H 4 5.22 -6311.81 0.03

2Animal type(A), turbine rotor diameter(D), turbine hub height(H), masgM), turbine diamete:height(D:H),
migration distancgMD), migrationtiming (MT)

https://abi.org/10.1371djurnal.por.0238034.t08
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Table 9. Model-averaging results for all-taxa, birds-only, and bats-only top model sets. Includedarestandardzedcoefficientestimaes(Estimate)unconditonal stan-
darderrors(SE),and95%confidencentervals(Cl) for eachmodelset.Shadedowsrepresenvariablesvith confiderceintervalscrossingzero.

Model Variables® Estimate SE CI
Lower Upper
All-Taxa (Intercept) 3.12 0.06 3.00 3.25
A2 0.15 0.01 0.13 0.18
M 0.04 0.01 0.02 0.06
D 0.19 0.08 0.03 0.36
H -0.04 0.04 -0.11 0.03
D:H 0.23 0.09 0.04 0.41
Birds-Only (Intercept) 3.23 0.06 3.10 3.35
M 0.24 0.05 0.14 0.34
MD" 0.21 0.02 0.17 0.25
D 0.30 0.11 0.09 0.51
Bats-Only (Intercept) 3.05 0.09 2.86 3.23
M 0.07 0.01 0.04 0.09
D -0.12 0.08 -0.29 0.05
*Referenceategonybird

PReferenceategoryshort-distancemigrant
“Animal type(A), turbine rotor diamete (D), turbine hub height(H), masgM), turbine diameterheight(D:H), migration distanceMD)

https://da.org/10.1371¢urnal.pon®238034.t009

lowerthanraptor mortality alongthe westcoastof the US[34,66]. Our recordsincludedone
baldeagldatality,aspecieshathasnot beenreportedin the NortheasterrlJSin otherreviews

[19,34].
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Fig 3. Density distributions for the fall distance of birds and bats at wind turbines in the Northeastern US. For
densitydistributionsof the 10mostfrequentfamilies, seeS11+S2Bigs.

https://abi.org/10.1371durnal.por.0238034.908
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Relativeto populationsize black-throatecbluewarbler,sharp-shinnedawk,andblack-
billed cuckooexperiencedhe highestievelsof mortality. At 250r lesdfatalitiespermillion
individuals,eventhesearelikely too low to significantlyimpactpopulationtrajectoriesput
this effectmayintensifyasthe numberof wind facilitiesincreasedNewworld warblersthe
mostcommonfamily in our data,havedeclinedby 38%overthe past50yeargTable2), but of
the speciedrequentlyobservedn our dataset,mostpopulationsareeitherstableor increasing
(Table3). Thoughwe makethesegpopulationcomparisonaisingraw counts,in actuality,not
all carcassesererecoverediuring carcassearcherdetectionprobabilityis variable[31] but
istypicallyhigherthan 0.25and often higherthan 0.50for birds [40+4267], suggestinghat
populationlevelimpactsremainlow.

Patternsof batmortality in our dataaregenerallyconsistentvith thoseobservedn previ-
ousstudiesThreemigratorytreebats(hoarybat,silver-hairedbat,and easterrmred bat) were
somewhamore common(90%of all batfatalitiesin our data)thanreportedelsewher§??2,
68], but our datarepresentslightly differentgeographiextent. Additionally, our samplesize
issmall,asrelativelyfewfacilitiesreporteddatafor bats.Otherbatspeciefiavebeenreported
in the NortheasterrlJS,but makeup alow proportion of total fatalities[22]. We areunableto
interpretthe population-levelmpactsof our reportedmortality becausef the generalackof
publishedbatdemographidata[24], thoughpreviousresearchasidentifiedwind energy
mortality asamajor potentialdriver of populationdeclinesn somespecie$23]. To under-
standthe conservationmplicationsof batmortality atwind facilitiesfully, abroadeffort must
bemadeto expandandimproveknowledgeof batspecieshopulationsizesandtrends.

For both birdsandbats,our datashowedexpectegatternsof magnitudeand annualtim-
ing of mortality. The peaksn bird mortality in SeptembeandMay aregenerallyconsistent
with otherstudieq17,34],and presumablycorrespondo fall and springmigration activity
[69]. Similarly,the singlepeakin batmortality in Augusthasbeenpreviouslynoted[22] and
corresponds$o migrationtiming of treebats[70]. A globalreviewreportedthatwind turbines
causanultiple mortality eventdor bats(greaterthan 10batsat a givenlocalitywithin afew
dayq[71]), but our dataincludednone.This maybedueto limited samplesize geographidalif-
ferencesor biasedeporting.

Spatial patterns

Our analysisuggestinghat fall distanceincreasesvith bird bodymassepresentaisignificant
improvementon previousstudiesTo our knowledgepursis thefirst attemptto analyzehe
relationshipbetweerbatbodymassandfall distance Thoughwe acknowledg¢hat our gener-
alizedbodymassvaluesarecrudeestimategor the actualmassof individual carcassesur use
of acontinuousmeasurensteadof a subjectivecategoricatlassificatior(e.g. large/smaltar-
cassef27]) creategreatercertaintythat masspositivelyinfluencedall distanceandopensthe
possibilityfor easiecomparisonwith future studiesTo the extentthat our findingson mass
canbecomparedo paststudiestheyappeatto corroboratesimilar findingsfrom models[27].
Moreover,while AWWI's [34] distancddistributionsdid not appeato differ betweerarge
andsmallbirds, this mayhavebeenthe resultof overlybroadsizebins. A practicalimplication
of thesdindingsis that post-constructiormortality studiesconcernedwith large-bodiedirds
(e.g.raptors)shouldconsiderimplementingwider searchradii [27] or adjustingtheir weight-
ing of areasearchedluring analysido reflecttheincreasegotentialof discoveringargerspe-
ciesfartherfrom turbines.Properunderstandingpf therelationshipbetweerspeciesnassand
fall distancecannot only servegeneralunderstandingof wind turbine collisions but also
guidewind industry effortstowardscompliancewith governmentrotectionof particularspe-
cies(e.g.eaglespeciedn the US).
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The positiveassociatiorwefound betweerbird fall distanceandturbine rotor diameter
andtheadditionalfinding thatfall distancefor birds andthe all-taxagroupincreasedvith the
interactionof increasingotor diameterand hub heightvalidateprior modelsandexperiments
suggestinghatturbine heightandbladelengtharepositivelyrelatedto fall distancg27,33].
Giventhis generahssociationasthewind industrytransitionsto largerand more efficienttur-
bine modelstheremaybeneedfor wider searctradii in post-constructiormortality monitor-
ing, or, alternativelyrecalculatiorof typicalfall distancedistributionsusedto inform search
efforts.Paststudieshavereportedthat batmortality increasesvith hub height[72] but have
beeninconclusiveconcerningbird mortality, showingnegativg16, 73], neutral[72], and posi-
tive [5] relationshipsbetweemmortality andturbine height. Thoughcollisionmortality rates
andfall distancesrenot necessarilgirectlyrelated increases mortality ratesatlargertur-
binesmaybeharderto detectif carcassearefalling fartherfrom theturbinesasaresultof
increasedurbine size.

Exploringfacility-specifidactorsis alsoclearlycritical to understandingatesand patterns
of turbine collisions.In our models the randomeffectof facility ID accountedor substantially
morevariationin fall distancethan specie®r turbine traits. Becaus#opography[ 74, 75],
weathel[76,77]),andhabitat[78, 79] influencebird flight, particularlyduring migration, we
hypothesiz¢hat suchlocalfactorsmayaffecthow far birds andbatsfall from the turbineswith
whichtheycollide.Further,similarto collisionratesweexpecipatternsin fall distancemaybe
drivenbytheinteractionof species-speciffactors(e.g. sensoriaperception behavior etc.)
andwind facility characteristic§18]. For examplespatialpatternsmaybedifferentatwind
facilitieswith turbinesarrangedn aline (e.g. alongamountainridge)than atthosewith tur-
binesmore evenlyspacedn agroup(e.g.,in agriculturalfields).Thesefacility-specifidrivers
maybeafruitful areafor future researchA secondpossibleexplanationis facility-to-facility
variationin surveytechniqueandreporting culture,which,again,maybeworthy of additional
researchVariation betweerindividual turbineswithin awind facility mayalsoaffectspatial
patternsof fall distanceFor afewwind facilitiesthat containedturbinesof differentsizesye
usedonly the mostcommonturbine dimensionsn our analysisandthis mayhavecontrib-
utedto thevariationaccountedor by therandomeffectof facility ID. Despitethis variation,
managerganstill expecfindings suchasthe positiverelationshipbetweerturbine sizeand
fall distanceto begenerallytrue at specificfacilities.

In all our final models therewasanotableproportion of variationin fall distancdeft unex-
plained.In the caseof batsweattributethis observatioratleastpartly to the chaoticdynamics
of falling carcass€80]. Howeverwealsospeculat¢hat a sizeablgortion of this variationis
theresultof temporaryandevent-specifi¢actorssuchaswind velocityanddirection, direc-
tion of the bladesweei.e.upswingor downswing) bladevelocity,andbird or batflight
velocity.

Differences between birds and bats

Examiningbirds andbatsseparatelganimprove understandingof patternsin fall distances.
Asshown birdstendto landfartherfrom turbinesthanbats.This observatiorcouldtheoreti-
callybeattributableto birds havingamuch higherrangeof massesanotherinfluential variable
in our models However,in our all-taxaglobalmodel,wefound that animaltypeandbody
masshadalow correlation(R = -0.09) which indicatesthe role of taxon-specifidactors
beyondsize Likewise the multimodal distributionsof fall distancegor birds andbatsarguein
favorof differentmechanismsThoughboth distributionsin our studyweresignificantly
multi-modal, thelocationandintensity of their peakdifferednotably.Batsdisplayedwo
peakseithersideof 20m, thatwerecomparablén densityandlikely not biologically
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significant.In contrastbirds exhibitedaprimary peaknear30m andalessepeakaround2.5
m. Similarsecondanpeaksn bird carcasseaseartheturbine basehavebeensparselyeported
in otherstudiesput not rigorouslyanalyzedr discusseq7,34,81].

We suggesthis discrepancyn distancedistribution betweerbirds andbatsis dueto birds
colliding with turbinespolesjn additionto the turbinesbladeslt is well establishedhat birds
collidewith stationarystructureg82+84]andbird carcassesavebeenfound beneatimon-
operationalwind turbines[28, 85]. However batshaverarelybeenfound undertowersand
otherstructureg86,87] and havenot beenfound undernon-operationakturbines[68, 85].
Severainvestigationdiaveshownthat neitherbirds[18,88,89] nor bats[90,91] areableto
avoidswift-movingturbine bladesby reactingto their presencet closerange.Thus,in the
absencef non-bladecausednortality, asimilar distancedistribution would beexpectedor
both birdsandbatsat activewind turbines.Nonethelessyefound that 10%of all bird car-
cassewerelocatedust2 m awayfrom theturbine baseThoughmostfatalitieshavebeenpre-
sumedto occurupon collisionwith movingturbine bladeg29, 92], birds, especiallyocturnal
migrants likely alsostruggleto detectthe presencef turbine poleswhereadbatsareassum-
edlyableto avoidstaticturbine polesusingecholocation.

It is alsolikely that somespecieshasedsimplyon life history, primarily collidewith turbine
polesandrarelycollidewith bladeghemselvefs, 20,93]. Carcassesf low-flying uplandgame
birds,which areunlikely to everfly into therotor zone havebeenroutinely found during car-
cassearchef34,94+97]and Stokkeetal.[98] found substantiakvidencehat willow ptarmi-
gan(Lagopus lagopus) frequentlycollidewith turbine polesin Norway.Further,thedistance
distribution for willow ptarmiganmirrored ours,showingahigh peakdirectly nextto thetur-
bine pole(Fig 3) [98]. However thoughour datasetncluded75ruffed grouseandwild turkey,
uplandgamebirdgepresentednly aminority of the near-turbinecarcasses.

Smallmigratory songbirdscomprisecthe majority of carcassewithin 2m of turbine polls,
andmaycollidewith polesatrelativelyhigh numbers.This hasnot beenpreviouslydiscussed,
despitethis groupof birds beingcommaonlyreportedcolliding with otherstationarystructures,
suchasbuildings[84] and communicationtowers[82, 83]. Our datasuggestethe phenome-
non of turbine polecollisionswasvariableamongtaxonomicfamiliesof smallmigratory song-
birds.For exampleyireosshowapronouncedpeakin fall distancenearturbines,newworld
sparrowsand newworld warblersonly minor peaksandkingletsandthrushesoneatall
(S12+S1Figs).Becausearcassemrtherfrom turbinesarelesdikely to bedetected30], this
couldleadto inaccuratamortality estimate®f differentbird groups.Forinstanceyireos,
which showeda stronglyright-skewedlistanceadistribution, could beoverestimatedf this dis-
tribution wasnot incorporatedinto mortality estimateswWe cannotpresentlyexplainthese
discrepanciedyut think this matteris worthy of further investigation.

Theconcepiof turbine polecollisionsis not novel,asbird collisionswith othertall struc-
tures(e.g..communicationtowers buildings)areverycommon([2]. Howeverapartfrom brief
discussiorof collisionsby uplandgamebirdg6], polecollisionsacrossaviantaxahavereceived
veryminor attentionby eitherresearchersr governingagenciednsteadanimplicit assump-
tion in studiesexaminingwildlife mortality atwind facilitieshasbeenthat mortality of both
bird andbatspeciess primarily attributableto collisionwith movingturbine bladeg5, 16,17,
27].However our findings suggesthat staticturbinesandtowersalsoposearisk to birds sim-
ply becaus¢heyaretall structureshataredifficult for birdsto detectandavoid.As suchman-
agersseekingo mitigatebird mortality atwind facilitiesshouldconsiderthe applicationof
mitigation technologiesnd existingbestpracticedor the siting of otherverticalstructures
(e.g.telecommunicatiorand meteorologicatowers).Further,researctandregulations
regardingbird collisionswith turbines,especiallgsmallpasserinesnaybenefitfrom an
expanded/iewof turbinesasbeingverysimilarto othertall structures.
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Inferencefrom our resultsis limited asour datawereboth spatiallyandtemporallyvariable,
spanningnine yearsand multiple statesAdditionally, the distancedistribution we presenis
basedn variousmortality surveyproceduressurveyorexpertisecurtailmentregimegpur-
posefulreductionin turbine operationandelectricitygeneration)andturbine modelsand
sizesYearto yearmanyindividual wind facilitiesvariedbetweerreportingdatafrom inciden-
tal findingsand mortality surveysand somealsovariedthe intensity of mortality surveysand
their curtailmentregimesBecauséacilitiesvoluntarily reportedbatfatalities fewerreported
batmortality asthoroughlyor consistentlyasbird mortality. Additionally, becaus¢his dataset
represent®nly 49%of NortheasternJSturbines,theremaybetrendsthat werenot observed.
For examplealmostno turbinesalongthe coastof the GreatLakesand Massachusettzre
includedin this datasetandtrendsmaybedifferentfor shorebirdsor seabirdsn certaingeo-
graphicareasandareaswith differentweathempatterns.

Despitethesdimitations, our datarepresentshe largestand mostcompleteunderstanding
of bird mortality causedy wind facilitiesin the NortheasternJS.Many of the mortality
reportssubmittedto the USFishandWildlife Servicearenot availableslsewhererurther,
large-scalstudiesof turbine-relatedmortality arelackingin peer-reviewediterature,and
large-scalsummariedike wereport herehavebeencalledfor by wind-wildlife researchers
[99]. Thoughwind facilitiesin our datadid not useastandardsearchradius,all studiesin our
datasesearchedo atleast20m, soweareconfidentthat,ataminimum, the distancedistribu-
tion for both birds andbatswithin about20m, including the bimodalfinding for birds,isan
accurateepresentatiorof the true distribution.

Implications

Our analysiof speciesompositionsupportsthe conclusionthat collisionsat wind facilities
do not currently presentasignificantthreatto populationsof manybird speciesOur analysis
of fall distanceprovidesimportant empiricalevidencehat bird fall distancancreasesvith
bodymassandthatboth bird andbatfall distanceincreasewith turbine size Aswind turbines
increasan size searclplot radii and estimationsof missedsearchareaswill needto be
adjustedo accountfor ahighernumberof carcassefartherawayfrom turbines.Because
somebirds, especiallgmallpasserinesnay collideregularlywith turbine polesijt is possible
that somespecies-specifiestimate®f mortality maybeoverestimatedrinally,aswind energy
expandglobally we proposethat policy-makersmanagersandresearcherwill benefitfrom
not only recognizingthe collisionrisk of movingturbine bladesput alsoin viewingwind tur-
binesaspresentingathreatsimilarto othertall structures.

Supporting information

S1 Appendix. Bird species and total fatalities from 44 wind facilities in the Northeastern
US. Datafrom reportssubmittedto the USFishand Wildlife Servicevia eitheraspeciapur-
poseutility or scientificcollectingpermit betweer?008and2017.

(DOCX)

S1 Fig. Monthly timing of fatalities of new world warblers (Parulidae) at wind turbines.
Datafrom reportssubmittedto the USFishandWildlife Serviceby 44wind facilitiesin the
NortheasterrlJS.Samplesizegivenin parentheses.

(PNG)

S2 Fig. Monthly timing of fatalities of vireos (Vireonidae) at wind turbines. Datafrom
reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the Northeastern
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US.Samplesizegivenin parentheses.
(PNG)

S3 Fig. Monthly timing of fatalities of kinglets (Regulidae) at wind turbines. Datafrom
reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the Northeastern
US.Samplesizegivenin parentheses.

(PNG)

S4 Fig. Monthly timing of fatalities of grouse and allies (Phasianidae) at wind turbines.
Datafrom reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the
NortheasterrlJS.Samplesizegivenin parentheses.

(PNG)

S5 Fig. Monthly timing of fatalities of new world sparrows (Passerellidae) at wind turbines.
Datafrom reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the
NortheasterrlJS.Samplesizegivenin parentheses.

(PNG)

$6 Fig. Monthly timing of fatalities of thrushes (Turdidae) at wind turbines. Datafrom
reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the Northeastern
US.Samplesizegivenin parentheses.

(PNG)

S7 Fig. Monthly timing of fatalities of hawks and eagles (Accipitridae) at wind turbines.
Datafrom reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the
NortheasterrlJS.Samplesizegivenin parentheses.

(PNG)

S8 Fig. Monthly timing of fatalities of new world vultures (Cathartidae) at wind turbines.
Datafrom reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the
NortheasterrlJS.Samplesizegivenin parentheses.

(PNG)

S9 Fig. Monthly timing of fatalities of cuckoos (Cuculidae) at wind turbines. Datafrom
reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the Northeastern
US.Samplesizegivenin parentheses.

(PNG)

$10 Fig. Monthly timing of fatalities of flycatchers (Tyrannidae) at wind turbines. Data
from reportssubmittedto the USFishand Wildlife Serviceby 44wind facilitiesin the North-
easterrJS.Samplesizegivenin parentheses.

(PNG)

S11 Fig. Density plot of distance from turbine of fatalities of new world warblers (Paruli-
dae) at wind turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the
USFishandWildlife Serviceby 44wind facilitiesin the NortheasterrlJS.Samplesizegivenin
parentheses.

(TIFF)

$12 Fig. Density plot of distance from turbine of fatalities of vireos (Vireonidae) at wind
turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the USFishand
Wildlife Serviceby 44wind facilitiesin the NortheasternJS.Samplesizegivenin parentheses.
(TIFF)
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$13 Fig. Density plot of distance from turbine of fatalities of kinglets (Regulidae) at wind
turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the USFishand
Wildlife Serviceby 44wind facilitiesin the NortheasterdJS.Samplesizegivenin parentheses.
(TIFF)

$14 Fig. Density plot of distance from turbine of fatalities of thrushes (Turdidae) at wind
turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the USFishand
Wildlife Serviceby 44wind facilitiesin the NortheasternJS.Samplesizegivenin parentheses.
(TIFF)

S$15 Fig. Density plot of distance from turbine of fatalities of new world sparrows (Passer-
ellidae) at wind turbines. Datafrom publicly availableeportsandfrom reportssubmittedto
the USFishandWildlife Serviceby 44wind facilitiesin the NortheasterrJS.Samplesize
givenin parentheses.

(TIFF)

S$16 Fig. Density plot of distance from turbine of fatalities of hawks and eagles (Accipitri-
dae) at wind turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the
USFishandWildlife Serviceby 44wind facilitiesin the NortheasterrlJS.Samplesizegivenin
parentheses.

(TIFF)

$17 Fig. Density plot of distance from turbine of fatalities of new world vultures (Catharti-
dae) at wind turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the
USFishandWildlife Serviceby 44wind facilitiesin the NortheasterrlJS.Samplesizegivenin
parentheses.

(TIFF)

S$18 Fig. Density plot of distance from turbine of fatalities of cuckoos (Cuculidae) at wind
turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the USFishand
Wildlife Serviceby 44wind facilitiesin the NortheasternJS.Samplesizegivenin parentheses.
(TIFF)

$19 Fig. Density plot of distance from turbine of fatalities of grouse and allies (Phasiani-
dae) at wind turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the
USFishandWildlife Serviceby 44wind facilitiesin the NortheasternJS.Samplesizegivenin
parentheses.

(TIFF)

$20 Fig. Density plot of distance from turbine of fatalities of flycatchers (Tyrannidae) at
wind turbines. Datafrom publicly availableeportsandfrom reportssubmittedto the USFish
andWildlife Servicéby 44wind facilitiesin the NortheasternJS.Samplesizegivenin paren-
theses.

(TIFF)

S1 Dataset. Data used in modeling fall distance of bird and bat mortality.
(Csv)

$2 Dataset. Data used for taxonomic composition and temporal patterns.
(XLSX)

S1 Table. Variables, number of parameters, delta Quasi-AIC (AQAIC), QAIC weights (w;),
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