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ABSTRACT

Negative mpacts from burning fossil fuelscluding climate changeare
promoting an increase in development of renewable energy alternatives. In response,
wind energy development is expandatgan exponential ratecross the globe. However,
wind energy development has long been knowatireectly impact bats, which incur
fatalities at wind turbines when struck by moving turbine blades. In theTé&as is the
leading producer of wind energy widpproximately>13,300 commercially operating
wind turbines while also having the greatisersity ofbats.Despite this, research
Texas on this topits lacking with only a fewvind energy facilities producing publicly
available or peereviewed data. In this dissertation, | conducted one of the first
comprehensive studies to understand &adice wind energy impacts on batSouth
Texas My study site was the Los Vientos Wind Energy Facility with 255 wind turbines
encompassing 22,66&in Starr CountyTexas, part of the Lower Rio Grande Valley
region. For my first study | estimated batiaféty rates at Los Vientos using a novel
fatality estimatoand repodamoderate to higlfatality rate, in whicHBrazilian free
tailed bats Tadarida brasiliensiswere the most impacted speciBased on my results, |
recommend bat impact reductiomasegies for this location and others in the region
experiencing similar impactsos Vientos has a similar bat species composition and
climateasother regions in the southwestern U.S. and northern Mexiich also lack
dataon wind energy impacts to lsatMy results might provide insightsxd guidancéor

these regions as well.
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In my second study,monitoredbat acoustic activity @hreewind turbinesat Los
Vientos during late summer to early fdlinvestigatedelationshigg betweerbat activity
ard bat fatality,weatherand temporal covariatés further ourunderstandingf
conditionsunder which bats are at risMy results revealed specific climate.g., low
wind speedsand temporal condition®.g., hour of the nighguring which bats are most
active at wind turbinegind showed positiverelationship between activity and fatality,
therebyhighlightingconditions in which bats are magasceptibldo fatality.

In my final study | testedthe efficacy of a novel ulasonic acoustic deterrent
systemto reduce bat fatalities at md turbinesResults of mtudy indicate this
technology is a promising tool foeducing fatalities of Brazilian freiiled bats and
hoary batsl(asiurus cinereus Thiswas one of the mosuccessful field trials using
acoustic deterrents date However, my results indicate specssecificresponseso
deterrentsparticularly for yellow bat spprherefore, | conclude the technology warrants
further studies to increase effectiveness foraerspecies.

Studies investigating wind energy impacts to batgiarely, relevant and
necessary for conservation of isrpedspecies, informing policy, and guiding
responsiblevind energy developmeniloreover, developingegional andite-specific
impact reduction strategies are importimmtmaximizing the generation of renewable
energy Results of my studies can be used to dgvslech strategies in other data

deficient regions with similar climates and bat species asadhe southwestern U.S. and

XV



northern Mexico, andith furtherimprovementstheapplications of the acoustic

deterrent technology | tested gretentiallyglobal in reach
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. GENERAL INTRODUCTION

Globalenergy @mand is expected to increas@&®by 2040 [nternational Energy
Agency 2018. Climate change (Schlesinger and Mitchell 1987, Inkley et al.;2004
Global Wind Energy Council [GWEC] 20}),3and other impacts from burning of fossil
fuels, are promotingn increase in development of renewable energgnaliges In
response, wind energy development is expanding across the globe (Bernstein et al. 2006
GWEC 2013. Currently, Chinéhas the largest capacity of installeohd energy in the
world with more tlan 200 gigawatts (GW), followed by the United States (U.S.) with
nearly 100 GW (World Wind Energy Association [WWEA] 2019). Within the U.S.,
Texas is the leading producer of wind energy with an installad mower capacity of
nearly 25,000negawatts (MWhaccounting fompproximatehl2 4 % of t he countr
installed capacityAmerican Wind Energy Association [AWEA] 2019)his ouput is
produced by more than 1®@ wind turbines on th€exaslandscape, and rsearly three
timesthe number of turbines ilowa, the next largest wind energy producing state.
Moreover, an additional 8,538@W of wind generating capacity is either under
construction or iradvanced development in Texas (AWEA 2019

Wind energy is an important renewable energy resource negéssammbat
climate changéKeith et al. 20040wusu and Asumad8arkodie 2016 However, like
all energy sources, wind eneriggs negative effects amertainwildlife populations
(Kuvlesky et al. 200) Wind turbines haviong been knowmo causebatfatalities(Hall
and Richards 1972lue primarily to strikedy turbine bladeg¢Rollins et al. 2012)
though it remains unclear as to the potential impacts resultingdanotrauma

(Baerwald et al. 200&Rollins et al. 201p



Globally, direct impactsf wind turbines on batsave been higheér relatively
fast, high flying specieduring late summer to fa{Kunz et al. 2007Rydell et al.2010;
Arnett et al. 2016)Most bats are slow to reproduieaving only one to two pups per year,
and withhigh fatality rates for some specitgre is increased concern regarding
population levelmpacts Barclay and Harder 2008rick et al. 2017)The importance of
impactedba speciege.g, Lasiurus cinereus and Tadarida brasiliesas major insect
predatorgrovidingavital ecosystem serviand economic assistanicethe form of
natural pest contrdb the agricultural industriBoyles et al. 201)1has spurredeveral
studiesfocused on understanding the patterns amdmization strategies of wind
turbinecaused bat fatalitiesver the last two decadelkhe majority of these studies come
from Europeand North AmericaspecificallyCanada and the U.8o publicly available
datahas been forthcomingr o m Ch i n aleadihgrpedugeoaf windl énerggnd
little from India, the fourtHargest producer of wind energy (Barclay et al. 200/WEA
2019. In North America, Mexico has the highest diversity of bat spé€leballos
2014, as well as increasing wind energy deyeh@nt,butonly one site witta published
study (Villegas-Patraca et al. 20)2This leaves a large data gap in our knowtedf
impacts on batsand because most species transcend political bounttasesnfounds
holistic managemerscross a species range

Texashas tle highest diversity dbatswith 68% (n = 32) otll U.S.species
(Ammerman etl. 2012), and ipart of an important migratoffyway traversed by
millions of bats eaclyear(McCracken et al. 1994Pespite this, reearch on wind energy
impacts tdbatsin Texasis lacking withfew facilities producing publicly availabler

peerreviewedstudiegHayes 2013Smallwood 2013B This is an importanghortcoming



in our knowledge omow wind energy affects various species of bathe U.Sbecause
of thevariability in habitats andpecies composition acrade countryHumphrey
1975) Unfortunately,documented patterns of fatality from regions vatkailablestudies
areoftenusel to informwind energy development in other regions where these patterns
may rot apply(Huso and Dalthorp 20)4Understanding realna potentiawind energy
impacts tolexasbatpopulationgs relevantfor areasacross thesouthwestern U.8nd
northernMexico thathavesimilar habitats angpecies compositioi©onducting further
research in Texas to refine current recommendations and contribute to optimizing impact
reduwction stategiess a necessitfor bats in thigegion
Study Site

Duke Energy Reneables owns and operates thes Vientos Ill, 1V, and WVind
Energy Facilitiesextendingacross approximately 22,668 of leased land northeast of
Rio Grande City in Starr County, Texaanging fromapproximately 3.836.4km north
of the U.S:Mexico border These wind energy pjects are part of a large fighase
project, with phases | and Il occurring in Willacy and Cameron Counties, Tess.
Vientos lll, 1V, and V(herein referredo as Los Vientos or the studite) border one
another and are tis treated asne site for this study.os Vientos lieswithin the Texas
Tamaulipan Thornscrub Level IV ecoregi@fig. 1.1) portion of the South Texas Plains
Level 11l ecoregion of Texas (Griffith et al. 2007). The thorn woodland and thorn
shrubland vegaetion is distinctive in this ecoregion, and these Rio Grande Plains are
commonly called the fibrush countryo (Griff
by droughitolerant, mostly smalleaved, and often thoiladen small trees and shrubs,

especidl legumes. The most important woody species is honey mesBuitsopis



glandulosa. Where conditions are suitable, there is a dense understory of smaller trees
and shrubs such as bragilgndalia hookel), colima or lime pricklyashZanthoxylum
fagara), Texas persimmorDjospyros texang lotebush Ziziphusobtusifolig), granjeno
(Celtis ehrenbergiana kidneywood Eysenhardtia texanacoyotillo (Karwinskia
humboldtiang, Texas paloverdd@rkinsonia texang anacahuitaqordia boissier), and
variousspecies of cacti. Xerophytic bruspecies, suchs blackbrush\{achellia
rigidula), guajillo (Senegalia berlandie)j and cenizol(eucophyllum frutescehsare
typical on the rocky, gravelly ridges and uplandgl-and shoHgrasses are common,
includingcane bluestenBthriochloa barbinodiy silverbluestem Bothriochloa
laguroides, multi-flowered false rhodesgrassrichloris pluriflora), sideoats grama
(Bouteloua curtipenduba pink pappusgras®appophorum bicolgr bristlegrasses
(Setariaspp.),lovegrassesHragrostisspp.), and tobosd(euraphis mutica(Griffith et
al. 2007). All common anscientificnamedollow nomenclaturérom the Ladybird
Johnson Wildflower Center, Austin, Texas (https://www.wildflower.org).

Thebat community irStarr @unty, Texas is comprised of mostly insectivorous
species that includa single member ea¢lom family Molossidaeand Mormoopidae
and 11 species from the Vespertilionidae family. In addition, there is orsivexus
species in the family PhyllostomielaSeveral of these species have not been document in
Starr County, but are thought to octiased orknown presence in neighboring counties
(Ammerman et al. 2012; Schmidly and Bradley 20I&blel.1 providesa list of these
species, their foraging behaxs, if they have been documented as a fatality at wind

turbines, and their potential for occurrence



My dissertations organized in three inteelated chapters centered the
interactions of wildlife and wind turbines at the describeedly siteabove First, |
guantifiedthe mortalityimpacs of wind turbines on the suite lodit species occurring at
the studysite (Chapterl). For Chapter Ill, lusedacoustic detectorsnd weather
variables taqquantifyfactorsassociated withat activity at wind turbineand howactivity
relates to bat fatalities at the study sikaally, for Chapter 1V,| deployedultrasonic
acoustichatdeterratsto evaluate their effectiveness for reducing bat fagslisit wind
turbines Studies investigating wind energy impacts on batsiaely, relevant and
necessary for conservationlmtspecies, informing policy, and guidingsponsiblevind

energy deviepment an important renewabknergy resource.



Table 110 Potential bat community assemblage in Starr County, Texas including foraging
behaviors, documented fatality status at wind turbines, and potential for occurrence.

Common Scientific Namé | Family* Foraging Fatality? | Potential for
Name* Behavior* Occurrencet34
Brazilian Tadarida Molossidae Insectivorous | Yes High
freetailed brasiliensis
Bat
California Myotis Verspertilionidae| Insectivorous | Yes Low
Myotis californicus
Cave Myotis | Myotis velifer Verspertilionidae| Insectivorous | Yes High
Eastern Red | Lasiurus borealis| Verspertilionidae| Insectivorous | Yes High
Bat
Evening Bat | Nycticeius Verspertilionidae| Insectivorous | Yes High
humeralis
Ghostfaced | Mormoops Mormoopidae Insectivorous | Yes Low
Bat megalophylla
Hoary Bat Lasiurus Verspertilionidae| Insectivorous | Yes High
cinereus
Mexican Leptonycteris Phyllostomidae | Nectarivorous | No Low
Longnosed | nivalis
Baf
Northern Lasiurus Verspertilionidae| Insectivorous | Yes High
Yellow Bat | [Dasypterup
intermedius
Pallid Bat Antrozous Verspertilionidae| Insectivorous | No Low
pallidus
Silver-haired | Lasionycteris Verspertilionidae| Insectivorous | Yes Low
Bat noctivagans
Southern Lasiurus Verspertilionidae| Insectivorous | Yes High
Yellow Baf | [Dasypterusega
Tri-colored | Perimyotis Verspertilionidae| Insectivorous | Yes Medium
Bat subflavus
Yuma Myotis Verspertilionidae| Insectivorous | Yes Low
Myotis yumanensis

1 Schmidly and Bradley 2016;Barclay et al. 2017 Ammerman eal. 2012;* Post

construction monitoring at neighboring wind energy facilities since Z0gdgrally and

statelisted endangered;Statelisted threatened.
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II. ESTIMATING BAT FATALIT IES AT A WIND ENERGY FACILITY IN SOUTH
TEXAS: IMPLICATIONS TRANSCENDING THE U.S.-MEXICO BORDER*

Impacts from burning fossil fuels, includicgmate change (Schlesinger and
Mitchell 1987; Inkley et al. 20Q45lobal Wind EnergyCouncil [GWEC] 2013 are
promoting increased development of renewable energyattees In response, wind
energy development is expanding across the globe (Bernstein et glQU&E 2013.
However, wind energy development has long been known to vanddurbinerelated
bat fatalities (Hall and Richards 1972). Curremiiind turbine collisions are considered
one of the | argest sources of mass mortal.
2016). Although we lack detailed information on plation sizes for most bat species,
we know they are lortived mammals that are slow to reproduce. Thus, populations
may be unable to recover from largeale sustained fatality events, such as those
attributed to wind energy developméRtick et al. 2017)
Given these concerns, several studies have attempted to enumerate cumulative bat
fatality rates in North Americat varying temporal and spatial scalksinz et al. 2007,
Arnett et al. 2008; Arnett and Baerwald 2013; Hayes 2008 study estimated
cumulative bat fatalities ranged from more than 650,000 to approximately 1.3 million in
the U.S. and Canada between 2000 and 2011, with an additional 196,190 to 395,886
estimated bat fatalities in 201{2rnett and Baerwald 2013)However, others have
cautioned estimation of cumulative bat fatality rates based on currently available studies

is unlikely to be accurate. This is not only due to differences in methodologies and

1 Weaver, S. P., A. K. Jones, C. D. Hein, and |. Caatmlano. In Review Journal of
Mammalogy
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estimators, but also due bias in where studies have been conducted, with the added
problem of certain areas of high wind energy development proving data deficient (Arnett
et al. 2008; Huso and Dalthorp 2014a).

Of specific concern is a lack of data from states in the SouthuBst
specifically Texas, which leads the U.S. in installed wind energy capacity (Smallwood
2013; Huso and Dalthorp 2014a). This is important because Texas also has the highest
bat diversity in the nation (Ammerman et al. 2012), and yet has little pualiailable or
reliable estimates on wind energy impacts (Smallwood 2013). Moreover, studies in North
America have been primarily restricted to the U.S. and Canada, with data available from
only one facility in Mexico (VillegadPatraca et al. 2012). Theyzaty of peesreviewed
and/or publicly available studies from Texas and Mexico is unfortunate, because we
cannot accurately assess cumulative impacts to species in North America or determine
patterns of fatality in these regions without such data (HeirSahamacher 2016). This
is particularly important when selecting appropriate impact reduction strategies (Hein and
Schirmacher 2016), because species composition (Hall 1981) and fatality patterns are
likely to vary strongly among regions.

The primary métod for determining bat fatality rates at wind energy facilities is
through postonstruction fatality monitoringHuso 2011)Here we provide the first
published bat fatality estimates from monitoring efforts in south Texas, and provide
additional comments on potéxtwind energy impacts to bats in northern Mexico, a
region with similar species compositiohnimermanret al. 2012; Ceballos 2014) and
expanding wind energy development. Our objectives for this study were to 1) conduct

one year of postonstruction fatality monitoring at the Los Vientos Wind Energy Facility
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in Starr County, Texas, 2) estimate the totaluahibat fatality rate, as well as per MW
and per turbine rates, adjusted for bias; 3) describe patterns of fatalities in relationship to
species, sex and age ratios, and seasonal timing; and 4) provide recommendations for
species conservation and discusgeptial implications of impacts and fatality patterns in
an international context.

MATERIALS AND METHODS
St udy We mdnitored bat fatalities at the Los Vientos lll, IV, and V wind energy
facilities near Rio Grande City, Starr County, Texas. The tlachties are adjacent to
one another and have the same turbine model, and thus were treated as a single facility
for this study (hereafter Los Vientos). Los Vientos encompasses approximately 22,666
hectares and consists of 255 Vestas1, 2megawatt W) turbines (Fig2.1). All
turbines have a nacelle height of 95 m and rotor diameter of 110 m, with -awetot
area of 9,503 R The site is located in the Tex@iamaulipan Thornscrub Level IV
ecoregion (Griffith et al. 2007), and according to thel2Rational Land Cover Data the
habitat is comprised primarily of scrub/shrub (39%), cultivated crops (25%), pasture/hay
(24%), developed, open space (5%), grassland/herbaceous (5%), and developed, low
intensity (2%) (Homer et al. 2015). The southernmosindary and wind turbine of Los
Vientos are approximately 3.8 km and 10.1 km from theili8xico border,

respectively (Fig2.1).

Carcass monitoring. We r andomly selected 100 of the 2
searches. At a subset of 8 randomly &el@ turbines, we established circular search
plots, centered on the turbine and measuring up to 100 m in radius (~200 m diameter

from the turbine tower). Some plots contained obstacles such as trees, leading to search
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plots with a smaller search area. Bbglot size ranged from 11,454 to a maximum of
31,405 m. We established linear transects across the diameter of each plot spaced 5 m
apart. Trained biologists searched for bat carcasses by walking all transects searching 2.5
m on both sides for 100% plooverage. For the remaining 92 turbines we searched only
the turbine pad and access road to 100 meters from the turbine. Search area for pad and
access road turbines ranged from 685 to a maximum of 2,83/ ensearched atday

intervals during SpringSummer, and Fall (24 March 2017 through 25 November 2017

and 25 February 2018 through 23 March 2018) and twice monthly during Winter (26
November 2017 through 24 February 2018). We cleared search plots of vegetation by

mowing with a tractor biweekly to ménly depending on amount of regrowth.

We assigned a unique identification number to each carcass found during scheduled
searches, and recorded date and time found, species, sex and age class (when possible to
ascertain), azimuth and distance from theihgpestimated time of death (previous
night, 2 3 days, 4 7, 7 14, >2 weeks, or
infestation, visibility class (easy or moderate to difficult), and completeness of the carcass
(skeleton, partial, or completeyVe determined relative age (juveniles or adults) by using

a common technique in which we visually inspected wings for epiphysgathyseal

fusion (BrunetRossinni and Wilkinson 2009). To improve time of death estimation, we
documented decomposition ovene for fatalities determined to have occurred the

previous night. When calculating age and sex ratios, we only considered fatalities
determined to have occurred the previous night. We restricted this assessment due to
rapid decomposition of carcasses,jethled to uncertainty in our sex and age

determinations. In addition, we followed Pennsylvania Game Commission (PGC)
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protocols (PGC 2007) for determining visibility classes. Only one turbine had difficult
visibility confined to a limited area, likely begse plots were regularly maintained.
Therefore, we treated moderate and difficult as one visibility class (moderate to difficult).

In addition, there were no conditions at the site considered to be very difficult visibility.

To assess seasonal timingfatalities, we removed thosarcassesonsidered to
have occurred more than 2 weeks prior to discovery or that were unknown (n=16), and
adjusted for all others by assuming maximum estimated time since deatB-8days
assumed to have occurred 3 dpyisr). Furthermore, although we documented carcasses
discovered outside the search interval, atsearch turbines, or by personnel not
involved in the search effort, these were recorded as incidentals and excluded them from
further analyses. This resehrwas conducted in accordance with the Texas State
University Institutional Animal Care and Use Committee (IACUC) permit number
20171185494, and Texas Parks and Wildlife Department (TPWD) permit number SPR
0213023. In addition, we followed guidelines thie American Society of Mammalogists

(Sikes et al. 2016).

Correcting f aToadrrectfor searcher eficizricyebsas, we discretely
marked and randomly placed previously recovered bat carcasses (trial carcasses)
discovered during the studytatrbines along the search route (n=183). We assigned to
each trial carcass a O for undetected, or a 1 for detected on the first search. We left trial
carcasses in place (n=69), whenever possible, to test for searcher efficiency on
subsequent searches iethwent undetected on the first search. We conducted searcher

efficiency trials throughout the entire study period and at all sampled turbines. Searchers
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were unaware of location, number, and timing of trials. Carcasses used in searcher

efficiency bias trls were previously frozen and thawed before distribution.

To correct for bias associated with the length of time a carcass remained in the
search area until it was scavenged or rendered undetectable by decomposition (hereafter
carcass persistence), we left in place searcher efficiency trial carcasses (n=197). We
included carcasses scavenged prior to the first search in the carcass persistence data set,
but not the searcher efficiency data set (n=14). We checked for carcass presence daily,
when possible, and recorded number of days a carcass persisted and ondy risram

if they persisted at the completion of the study.

Data analysis. We used GenEsGereralized MortalityEsimator) software version

1.2.1, a newly developed package of modeling and software tools for estimating bird and
bat fatality rates for reewableenergy projects (Dalthorp et al. 2018a). The software is
designed to accurately estimate fatality rates when there is imperfect detection. Several
other estimators for such efforts have been published and used at various degrees
(Shoenfeld 2004; Hso 2011; KorneNievergelt et al. 2015). However, we selected

GenEst due to its flexibility in estimating bias, such as an ability to incorporate a decrease
in searcher efficiency when the same carcass is available for detection in multiple
searches, as Was model selection using Akaike information criterion with a bias
correction term for small sample sizes (RICSi moni s et al . 2018). W
confidence interval@l) and 1,000 bootstrapping iterations for all analyses in GenEst.

The software gtimates total annual bat mortality at the site adjusted for searcher
efficiency and carcass persistence, and we further calculated mortality per MW and

turbine estimates by dividing this estimate by MWs and number of turbines at the site.
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GenEst bases fality estimates upon the following: (i) fraction of turbines sampled, (ii)
fraction of carcasses in searched area, (iii) proportion of carcasses persisting, (iv)
proportion of carcasses found, and (v) proportion of annual fatality arriving during
monitoring period. GenEst models searcher efficiency and carcass persistence with

maximum likelihood estimation (Dalthorp et al. 2018b).

GenEst estimates searcher efficiency by modeling two parameters. The first
parameter is the probability a carcass is obsearvéte searched area on the first search
following arrival, expressed gs The second parameter is the factor by which searcher
efficiency changes for a carcass not detected on the first search that persisted for
subsequent searches, expressdd &enkst has the ability to estimakeor allows for
the user to definkiif trial carcasses were not left for subsequent searches, or no carcasses
were detected and it therefore cannot be estimated. Although only 9 trial carcasses
persisted long enough for selers to discover them in successive searches, GenEst was
able to estimatk for our studyWe used GenEst to determine the best covariates for
searcher efficiency, including season (winter [Novembé&F26ruary 24], spring
[February 2bMay 31], summer [Jne I August 15], and fall [August I®ovember 25])

and visibility (easy and moderate to difficult).

GenEst fits four possible distributions to carcass persistence data, including
exponential, lognormal, loglogistic, and Weibull. We selected visilaliy season as
possible covariates influencing locatidhgnd scaleq) parameters used to fit the
survival curves. In addition to providing median carcass persistence estimates for each
level of covariate selected, GenEst reports a seriestafisticsfor 1, 3, 7, 14, and 28

day intervals. These estimates indicate the probability that a carcass will persist until the
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next search if arriving in the specified time interval. For both searcher efficiency and
carcass persistence, we considered the modelthetlowest AlG, as well as models

wi t h .gdAds mpetitive models. For further details regarding equations and
statistical methods used by GenEst, please refer to the statistical models manual

(Dalthorp et al. 20118.

Research has shown that density of carcasses diminishes with increasing distance
from a turbine (Hull and Muir 2010; Huso and Dalthorp 2014b); therefore, simply
correcting for survey area without accounting for carcass distribution on the landscape
will li kely overestimate fatality. Thus, we modeled the density of carcasses as a function
of distance from the turbine, known as the densigyghted proportion (dwp). We only
used fresh carcasses in easy visibility to eliminate bias associated with searcieacgff
and visibility class. We assumed that carcass persistence and searcher efficiency would
be the same for all carcasses within this visibility class. To calculate the dwp, we
Abi nnedod carcasses into 1 m riengsimumadi ati n
plot size (100 m radius). We then calculated the total area of all search plots in the easy
visibility class by M in each ring and calculated the number of carcas$@skmach ring.

We modeled density as a conditional cubic polynomial funaifafistance. We
calculated the density weighted area (dwa) of a plot, such that if no proportion of a plot
was unsearched then dwa would be 1. We conducted all analyses in R version 3.5.2 (R

Development Core Team 2018).

RESULTS
We found a total of 205 bat®mprised of 5 species and 1 species group during

standardized carcass searches (Taldle We were unable to identify to species 6 of the
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205 bats due to decomposition and lack of identifiable structures. We found an additional
27 incidental bat carcass comprised of 5 species, all of which were species detected
during standardized searches. Most carcasses were Brazilidaikeeeats (n=156),

while yellow bats were the second most discovered (n=32). We grouped yellow bat
species for two reasons bdsen an ongoing study assessing genetic population structure
of yellow bats discovered at Los Vientos and a neighboring facility. The first is the
confirmed presence of western yellow bats[Dasypteruf xanthinug from species
barcoding of samples takeéring this studywhich have not been previously

documented in south Texas. This species is morphologically identical to-bstéate
threatened species, southern yellow haiDasypterugegg, that is known to occur in

the county and can only loistinguished via genetic analysis (Ammerman et al. 2012).
Second, given the number of morphologicaiipitar species in the study siéad

difficulty of species identification in the field based on partially decomposed and
scavenged remains, all sped@sntifications should be checked using DNA barcoding
techniques prior to analysis for speesgecific patterns or impacts (Korstian et al. 2016;
Jones and Weaver 2019; Amanda M. Hale, Texas Christian University, Fort Worth,
Texas, personal communicatidvarch, 2019)We therefore decided to treat these
species as a complex and will further refer to them as yellow bats. The remaining bat
carcasses were evening batycticeius humeralisn=5), hoary bats (n=4), and an eastern
red bat Lasiurus borealisn=1). We also discovered a single big fiiedled bat
(Nyctinomops macrotiswhich was the first documented occurrence of this species in the

Lower Rio Grande Valley region of Texas (Jones and Weaver 2019).
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While we discovered bat carcasses during all seasons, 78% were found during
summer and fall (1 Juh&6 November; n=148). The only species we discovered during
standardized searches in winter was the Braziliantéiéed bat. In fact, Brazilian free
tailedbat fatalities were documented during every month of the study. We found a single
yellow bat in April 2017, and the remaining from 28 J@9 September 2017. In
addition, discovered hoary bat fatalities occurred from 30 Augusbvember 2017,
evening bat from 4 May 23 August 2017, and the single eastern red bat was discovered
on 23 August 2017 and estimated to have occurred on or near 16 August 2017. The only
big freetailed bat carcass was highly desiccated with only the skeleton remaining (Jones
and Weaver 2019). Therefore, we were unable to determine time of death.

Of the 205 bat carcasses discovered, we classified 69 (35%) as having occurred
the previous night which we included in sex and age ratio calculations (Korstian et al.
2013). We determinetthe sex reliably for 64 of the 69 carcassg®xamining both
external and/or internal morpholggyf which 26 were female and 38 were male. We
estimated the age for 65 of the 69 carcasses, 61 of which were classified as adults and 4
as juveniles.

Searcler Efficiency. We pl aced 62 carcasses in moder a
in easy visibility to estimate searcher efficiency, of which 120 (66%) were discovered on

the first search. Of the 69 carcasses left in place to test for searcher effaienc

subsequent searches, only 9 persisted until a second search, of which one was detected. A
single carcass persisted long enough for a third search effort, but was not detected. Based

o n qAHhe@ were three competing models (T&h®. We selectethe model with

the lowest AIG which included season*visibility as a predictompofindk as a constant
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with no predictor variables. We selected this model because boxplots best matched the
reference model (Supplementary Data SD1). In addition, whenlwysvas included as

a predictor variable fdk some boxplots had aDpattern, indicating too many

parameters for the number of observations (Dalthorp et alb20B&sed on the selected
model, mediamp ranged from 0.12 (95%]: 0.03 0.39) during summer in the moderate

to difficult visibility class to 0.93 (95%1: 0.63 0.99) during summer in the easy

visibility class. Estimate# was 0.32 (95%I: 0.03 0.86) and constant for all covariates.

(Table2.3).

Carcass Persistence.Weplaced 65 carcasses in moderate to difficulty visibility and

132 carcasses in easy visibility to estimate carcass persistence. There were two

competing models, and we selected the model with the lowestwaight of 851.00

(Table2.4) because there was dear advantage of the secelnce st mo d e | (1.23
based on KaplaMeier plots (Supplementary Data SD2). The selected model had a

Weibull distribution and season + visibility as location covariates, and season as a scale
covariate. Based on the selaettaodel, median carcass persistence ranged from 0.96

days during summer in the easy visibility class to 10.82 days during winter in the

moderate to difficult visibility class (Tab25).

Bat Fatality Estimates. We est i mat ed a n@d:&66& b3,826jbat8, 167 (
fatalities per year at the site (Fig2R This is equivalent to a median of 16 (9&% 12/

27) bat fatalities per MW, or 32 (95@: 23i 54) bat fatalities per turbine. We further

estimated bat fatalities by species and by season. Brazémtailed bats had the highest
estimated fatality rates, followed by yellow bats (Tah& Supplementary Data SD3). In

addition, the highest estimated bat fatality rates occurred during summer, while the
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lowest estimated bat fatality rates occurredrapwinter (Table2.7; Supplementary Data
SD4).A complete list of discovered carcasses, including incidentals, and associated data

can be found in the Appendix.

DISCUSSION

We used a novel estimator to calculate bat fatality rates at Los Vientos. &enEst
a new approach that allows for accurate mortality estimates and unbiased comparisons of
impacts among facilities (Simonis et al. 2018).We estimated betweeri 531886 bat
fatalities occurred at Los Vientos during our study. Arnett and Baerwald (26ti8)ated
bat fatalities in regions of the U.S. and Canada based on available studies frém 2000
2011. According to their delineations, Los Vientos is in the Gulf Coast region of Texas
(residing <200 km inland) which had no available studies from whiektimate
fatalities. We therefore compare fatalities at Los Vientos to the next closest region, the
Great Plains (Arnett and Baerwald 2013). Bat fatality at Los Vientos was approximately
2 to 5x higher per MW than mean fatalities in the Great Plains [8534 CI: 3.98 8.10]
bats per MW). In fact, Los Vientos had higher average fatalities than 4 of the 5 regions
with calculated estimates. The exception being the Southeastern Mixed Forest, which
was approximately 2.5x higher (41.17 [9%46 28.61 53.73] bas per MW) than Los
Vientos. Although, data was only available from a single facility for this region (Arnett
and Baerwald 2013). In addition, Strickland et al. (2011) summarized data from 66
studies in North America, and found approximately 82% of stud@sted less than 10
bat fatalities per MW. We therefore consider bat fatality rates at Los Vientos to be

moderate to high. However, we again caution that comparing fatality estimates is
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confounded by many sources of bias, such as differing methodostoglesstimators
among studies (Arnett and Baerwald 2013; Huso and Dalthorp 2014a).

Most species discovered during our study were previously reported as fatalities at
wind energy facilities in North America, including those in the yellow bat complex
(Arnett and Baerwald 2013). Reports of big fteded bat carcasses occur in unpublished
presentations and reports, but to our knowledge the first published record of a recovered
carcass of this species occurred during our study (Jones and Weaver 2019anBrazil
free-tailed bats had the highest estimated fatality, more than 4x that of yellow bats. While
treeroosting species are considered to comprise the highest proportion of fatalities at
wind energy facilities in North America (Arnett and Baerwald 2018wastudies have
reported high fatality rates for cadevelling Brazilian freetailed bats. This has been
documented in both North America (Miller 2
South America (Barros et al. 2015). Our study supports these fndntgprovides
further evidence of high impacts to this species where its range overlaps with wind
energy development.

The lack of publicly available studies in Texas and Mexico, where Brazilian free
tailed bats occur in high abundance (Wilkins 19893, Ihely skewed treeoosting
speciesb6 representation in previous cumul a
al. 2008). Arnett et al. (2016) suggest bats most susceptible to fatalities at wind turbines
are not restricted to treeosting specieqyut are more likely those with high wing
loading (i.e., long and narrow wings), a characteristic typical of demiaking bats
adapted to opeair flight and echolocation. Based on our results and others previously

mentioned, we recommend future cumwatassessments of bat impacts in North
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America consider using alternative descriptions of the common characteristics for

impacted species, such as morphology or by guild (Denzinger and Schnitzler 2013).
Furthermore, when siting wind energy facilities @aition against basing

potential impacts to Brazilian freailed bats on distance to known colonies alone.

Unli ke in Miller (2008) and Piorkowski and

proximity to any known large Brazilian fraailed bat colonyThe dosest known colony

is in the Camden Street Bridge in San Antapproximately 300 km to the nortivhich

is estimated &0,000bats (Texas Parks and Wildlife Department 202&hough we

have been informed of a potential colony in Falcon Dam approgiyné3 km to the

west of the closest wind turbine (Nevin D. DuriESE Partners, Austin, Texgsersonal

communication, March, 20)9but this colony nor species have been confirmed.

However, due to their high abundance in Texas, affinity for roostihgnmanmade

structures (Wilkins 1989; Ammerman et al. 2012; Schmidly and Bradley 2016), and

ability to fly long distances each night (Best and Geluso 2003), it is possible for large

colonies of this species to encounter and interact with wind turbines whir range.

Thereforesiting decisions should consider the potential for impacts to this species within

their known distribution as well as proximity to documented colonies. Where high

fatality rates for Brazilian fretailed bats occur, we encouragmavenergy facilities to

implement an impact reduction strategy. This species is of high economic importance to

the agricultural industry as a prominent predator of crop pests (Cleveland et al. 2006;

Federico et al. 2008, Boyles et al. 2011), and highitiatates could affect regional

farmers.
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We found a slight mateiased sex ratio for Brazilian freailed bats and yellow
bats. However, it has been suggested female bats are more likely to be classified as
unknowns (Korstian et al. 2013). When we a¢dasthe number of unknowns for these
two species irrespective of time since death, 74 for Braziliarditssl bats and 19 for
yellow bats, it is evident molecular techniques are necessary to determine the true sex

ratio of fatalities and recommend tlaipproach for future studies.

Our results also indicate a potential age bias, with only 4 out of 65 (6%) carcasses
classified as juveniles, of which 1 was a Brazilian-taked bat and the remaining 3
yellow bats. This bias is also supported in thediiere, with more studies reporting
higher fatalities for adults than juveniles (Arnett et al. 2008), and relatively few reporting
otherwise (Baerwald and Barclay 2011; Jameson and Willis 2012). However, reasons for
age bias in fatalities are not well umsk®od (Hein and Schirmacher 2016). Age
determination for juveniles using our method is limited in time to a few months, because
joints typically ossify 2 to 3 months after birth (Kunz and Anthony 1982) potentially
biasing carcass age determinations (H&id Schirmacher 2016). Whether or not this is a

true pattern of fatality warrants further investigations.

There was a peak in seasonal timing of fatalities during summer and fall, with
most fatalities discovered in a one week period during the first ofe®&ptember
(n=17). Most studies in North America also report a seasonal peak in fatalities during
summer and fall (Arnett et al. 2008; Baerwald and Barclay 2011). However, peak
fatalities during our study occurred over more than 5 months (1 June tHréugh
November), which is somewhat longer than typically reported (Arnett et al. 2008;

Baerwald and Barclay 2011). Studies from Canada and lowa report peak fatalities
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occurring in August and September, and in New York from-Juoigt to midAugust. In
Tennesse, majority of fatalities occurred from 1 August to rdptember (Arnett et al.
2008). In addition, we discovered fatalities throughout the entire year, indicating both
resident and migratory bats were impacted. The species composition and patterns
obsenred in this study have implications for bat impact reduction strategies. Curtailment,
although effective in reducing bat fatalities in the Midwest and Eastern U.S. (Arnett et al.
2013), may not be effective for species in this region. Moreover, the loeged f
peak fatality suggests curtailment may not be economically practicable. Thus, alternative
strategies, such as acoustic deterrent technology, should be investigated and implemented
if proven to be successful. In a concurrent study at Los Vien®$und Brazilian free
tailed bat and hoary bat fatalities were significantly reduced during testing of a newly
developed acoustic deterrent. Such deterrents present a promising impact reduction
strategy for these species in this region (Weaver et al)2019

Much of the information regarding bat fatalities at wind turbines occurs in
unpublished reports not accessible by the public (Rydell et al. 2010). Despite Texas
having the highest installedind energycapacity in the nation, it also has the fewest
pubicly available reports and/or peseviewed studies of any region (Cryan 2011; Hayes
2013). Without access to data regarding bat fatality patterns it is difficult to make
informed decisions regardirgiting and operations that maximize wind energy
producton and minimize impacts to bats (Hein and Schirmacher 2016). This highlights
the importance of our study, which provides information in a region otherwise devoid of

data.
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South Texas shares similarities in species composition, climate, and habitat with
northern Mexico (Ammerman et al. 2012; Ceballos 2014). Therefore, patterns of fatality
at Los Vientos may be representative of those at wind energy facilities in northern
Mexico States of Tamaulipas (which borders Starr County to the south), Nuevo Leon,
ard Coahuila. Currently, Mexico has 1.14 GW of installedd energycapacity in these
states, but projections of 4.5 GW of wind energy are expected by 2024 for this region
(Mexican Association of Wind Energy [Spanish translaidssociacion Mexicana de
Energia Edlica; AMDEE] 2019). Moreover, the farther south from the Texas border a
wind facility is located, comparisons to our results will be further complicated as other
bat species, not present in the USA, will interact with these facilities. Similaexas,
there is a paucity of data regarding the impacts of bats in Mexico, with only one study
available (VillegasPatraca et al. 2012). Given the rapid expansion of wind energy in the
crossborder region and the results of our study, a greater undairggesf the impacts of
wind energy on these undexported species is warranted. Moreover, research to assess
the costeffectiveness of impact reduction strategies should continue with an emphasis on

Brazilian freetailed bats and yellow bats.
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Table 2.1.8 Species composition and sex determinakiaged on external and/or internal
morphologyof bat carcasses discovered during standardized searches for post
construction fatality monitoring at the Los Vientos Wind Energy Facility in Starr County,
Texas from 24 March 2017 through 23 March 2018. Duedntification uncertainties
yellow bats Lasiurus[Dasypterup were pooled together (see text for details).

Sex
Species n Male Female Unknown
Tadarida brasiliensis 156 31 18 3
Lasiurus[Dasypterup 32 6 4 1
Unidentified 6 - - 1
Nycticeiushumeralis 5 - 2 -
Lasiurus cinereus 4 1 2 -
Lasiurus borealis 1 - - -
Nyctinomops macrotis 1 - - -
Total 205 38 26 5

aWe only report sex determination for 69 bat carcasses estimated to have occurred the
previous night to avoid potential biassociated with desiccation. These data were used
for the sex ratio calculations.
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Table22” Top searcher

e f fconstiucion bat fatality chenitosng f o r

conducted at Los Vientos Wind Energy Facility in Starr County, Texas from 24 March

2017 through 23 March 2018.

p formula k formula AIC. pAI:C
p ~ season*visibility k ~ constant 216.95 0

p ~ season*visibility k ~ visibility 218.53 1.58

p ~ visibility k ~ constant 218.81 1.86
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Table2.3" Sear cher
for each covariate level for the selected model (n=number of trial carcasses placed in

ef fi

Ci

ency

est i ntdofeandka n d

95 %

each combination of covariates to estimate searcher efficiency). Searcher efficiency trials
were conducted during pesbnstruction bat fatality monitoring at Los ViestWind

Energy facility in Starr County, Texas from 24 March 2017 through 23 March 2018.

Season Visibility n Medianp 95% Mediank 95%CI

Fall Easy 43 0.79 0.64 0.32 0.030.86
Spring Easy 47 0.83 0.70 0.32 0.030.86
Summer Easy 14 0.93 0.63 0.32 0.030.86
Winter Easy 17 0.58 0.35 0.32 0.030.86
Fall Moderate to difficult 17 0.58 0.35 0.32 0.030.86
Spring Moderate to difficult 20 0.37 0.20 0.32 0.030.86
Summer Moderate to difficult 15 0.12 0.03 0.32 0.030.86
Winter Moderate to difficult 10 0.50 0.23 0.32 0.030.86
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Table24” Top car cass per sconstiuaionbat fatality chenitosngf or p
conducted at Los Vientd&/ind Energy Facility in Starr County, Texas from 24 March
2017 through 23 March 2018.

Location formula Scaleformula AIC. pAI:C
| ~ season + visibility S~ season 216.95 0
| ~ season + visibility S~ season + 218.53 1.58
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Table 2.6.0 Annual speciespecific bat fatality estimates and 95% confidence intervals

(CI) at Los VientosVind Energy facility in Starr County, Texas. Estimates obtained

using GenEst software and empirical data (n = discovered bat carcasses) collected during
postconstruction bat fatality monitoring from 24 March 2017 through 23 March 2018.

Species n Estimate 95%Cl
Tadarida brasiliensis 156 6,090 4,390 10,590
Lasiurus[Dasypteru$ 32 1,453 839 3,005
Nyctecius humeralis 5 197 441 415
Lasiurus cinereus 4 143 41 379
Unknown 6 127 20i 308
Lasiurus borealis 1 63 1i 257
Nyctinomops macrotis 1 23 1i 86
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Table 2.7.0 Seasonal bat fatality estimates and 95% confidence inte@lat(Los
Vientos Wind Energy facility in Starr County, Texas. Estimates obtained using GenEst
software and empirical data (n = discovered bat carcasses) collaotegl pbst
construction bat fatality monitoring from 24 March 2017 through 23 March 2018.

Season n Estimate 95%Cl
Summer 82 4,299 2,334 9,901
Fall 75 2,653 1,749 3,912
Spring 42 964 633 1,394
Winter 6 179 37421
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Fig. 2.1.0 Site map of the Los Vientdd/ind Energy Facility in Starr County, Texas.
Insert map of Texas counties denotes the location of Starr County within Texas. Point
locations on the map represent spatial distribution of all searched turbines during post
construction bat fatality monitmrg from 24 March 2017 through 23 March 2018.
Triangles represent turbines with full plots up to a maximum of 100 m radius (31,405
m?), and circles represent turbines in which only roads and pads were searched to a
maximum of 100 m radius (2,054%m

36



0.5 1

0.4

0.3

Probability

0.2

\
\%P—@

5000 10000 15000 20000
Mortality

0.0 7

Fig. 2.2.0 Estimated total yearly bat mortality and 95% confidence inte@ial(8,167
bats per year; 95%I: 5,956 13,826)for all species at Los Vientos Wind Energy Facility
in Starr County, Texas. Estimates obtained using Gesdfistare and data collected
during postconstruction bat fatality monitoring from 24 March 2017 through 23 March

2018.
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Supplementary Data SD18 Search event plots of estimated and observed searcher
efficiency for bias trials conducted during paeshnstruction fatality monitoring at the Los
Vientos Wind Energy Facility in Starr Coty, Texas from 24 March 2017 throug8

March 2018Initial figures(a) represent the selected model, followed by the two
competing mo dlée8(ls) and 1.86b), regpkdtively. Dark lines represent

the selected model, gray lines represent the most complex model, or reference model.
Box plots represent estimatp@ndk for the selected searcher efficiency model (black
lines) versus the reference model (grey lines).
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Supplementary Data SD2 KaplanMeier plots of observed data (stabep solid lines)
and emjprical confidence lintis (stairstepdashed lines) adbserved carcass persistence
by time and combination of predictor variables (season and visibility) for Weibull
(orange), loglogistic (light blue), exponential (mauve), and lognormal (dark blue)
distriubutions. Data collected for bias tsi@uring postconstruction fatality monitoring
at the Los Vientos Wind Energy facility in Starr Gty Texas from 24 March 2017
through23 March 2018Initial plots represent the selected mo@g) followed by the
competing model witlip A | €.58(b).

Carcass Persistence
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Supplementary Data SD3 Box plots and 95% confidence intervals of estimated bat
mortality by species from pasbnstruction fatality monitoring at the Los Vientos Wind
Energy facility in Starr County, Texas fra2d March 2017 through3®March 2018
(LA_Complex=yellow bats), LABOEasiurus borealisLACI=Lasiurus cinereus
NYHU=Nycteceius humeralitNYMA=Nyctinomops macrotiSTABR=Tadarida
brasiliensis UNKN=Unknown spp.
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Supplementary Data SD43 Box plots and 95%onfidence intervals of estimated bat
mortality by season from paesbnstruction fatality monitoring at the Los Vientos Wind
Energy facility in Starr Cauoty, Texas from 24 March 2017 througB March 2018.
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l1l. BAT ACOUSTIC ACTIVIT Y AT WIND TURBINES IN SOUTH TEXAS?

Wind turbine collisions are considered one of the largest soufroeassbat
mortalityeventa cr oss t he wor | dafyOyp@hessahavwe beera| . 20 1 ¢
proposéd concerning ultimate causeshdt fatalitiesrom wind energy development,
with evidence obat attraction to wind turbines presumably increatiieg susceptibility
to fatalties (Cryan and Barclay 2008ryan et al. 2014 Historically, studying bat
behaviorand activityat wind turbinesas beewlifficult due to their nocturnal habits,
small siz, and flight ability Kunz et al. 2007Cryan andBarclay 2009). Howevehat
acoustic detector technolpbasallowed reseafters to studpatbehavior andctivity
during both siting and operational phases of a pr¢festan et al. 2014

All insectivorous bat use echolocation by emittilggh frequency vocalizatios
and interpreting the reflected echdemsn nearby objects. This rare sensory capability is
used primarily for foragig, but also for navigatiompmmunicationroost site selection,
and water resource detecti@tones and Teelin2006). There are species and situational
variatiorsto call typesthatecholocating bats emit (Schnitzketral. 2003;Jonesand
Holderied 2007), but they are generally classified as broadband, narrowband, and long
constant frequency with Dopptshift canpensation (Schnitzlet al.2003).This method
of vocalization allows for qualitative and quantitative assessments of activity using
technologies such as acoustic detectors (Clement et al. 2014), whsgfusin assessing
the conditions under which tsainteract withwind turbinesDetails of bat acoustic

activity at wind turbines provides information not obtained ingosistruction fatality

2 Weaver, S. P., D. Cordani, N. D. Durish, and |. Caéimellano. Publication: Journal of
Mammalogyin preparation
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monitoring effortspecause detectors provide a tist@mpof presence which can then be
used to relate actityi to weather, temporal, and operational correlg®eynolds 2006
Moreover, acoustic monitoringan allow investigations of echolocation belba at wind
turbines, such as occurrence of feeding burzescial callswhich can inform on

whether or nobats forager interact with each othet wind turbines (Reynolds 2006;
Reimer et al. 2018 Such information could have implications t@signingmpact

reduction stragies, assuming the type of activity at wind turbines correlates to fatalities
(Hayeset al. 2019).

Currently, informatioron bat behaviors at wind turbinesslacking for several
understudied specied bats in South Texas, including yellow batagiurus
[Dasypterusspp.) and Brazilian fretiled bats Tadarida brasiliensiswhich have
incurred high fatality rates at wind energy facilit{&4iller 2008; Piorkowski and
O 06 C @lh2010, Weaver et al. 2019b). Acoustic studies at wind turbines will aid in
understanding conditions under which bats are more active and perceivailglyea risk
of fatalities and inform decisions on reducing rigkein 2017)

My researctobjectives weré¢o 1) document batcoustic activitypatterns atvind
turbines atheLos VientosWind EnergyFacility in Starr County, Texas, 2ssess
potentialweatherand temporaparameters associated witlat activityat wind turbines in
south Texasand 3) determine there is a relationship betwebat activty andbat

fatality at the site.
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MATERIALS AND METHODS

The stug site for this research wélse Los Vientoslll, 1V, and IV Wind Energy

Facilities in Starr County, Texaghe three facilitiegherein referred to as Los Vientos or
the study siteare adjacent to one another and have the same turbine. Miodgll
treatedall as a single facility for this study. Los Vientos encompasses approximately
22,666haand consists of 255 VestasMO0, 2megawatt (MW) turbinesAll turbines

have a nacelle height of 95 m and rotor diameter of 110 m, with aswegpt area of
9,503 . | deployed a singlecoustic detectofSong Meter $M] 3 BAT, Wildlife
Acoustics) n the nacelle athree wind turbines programmed to operate from 30 minutes
before sunset t80 minutes after sunrise from 14 AugusfifOctober 2017Distance
between windurbinesfitted with acoustic detectoranged from 9 to 15 kniEach
detectorthad twoSMM-U1 ultrasonic microphonemndrecorcedin full-spectrum WAV
format.Microphones were positionaditside the nacelleimilar to thosen Gorresen et

al. (2015).1 set mnimum recording frequency (FRQMIN) to 16 kilohertz (kHz),
maximum frequency (FRQMAX) to 96 kHz, and the sampling rate to 192Whizh

gives a recording frequencginge that overlaps with dat species known to occupy the
region around the study sitdemorySD cardsvere removed and replacéxdt
downloadingevery two to three weeler the duration of the studyAlso, thedate of
eachrecorded bat pasgas adjustedb reflect effective dateasthe detectowas
programmed to operate only within thelmi and twilight For example, if a bat pass was
recorcedon the morning of 15 August 2017, it was listed as occulratgyeen 30

minutes before sunset to 30 minutes after sunrise on the nigitAigust 2017.
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Habitat surrounding the selected turbinesverimarily shrub/scrub {46 and 3
08) and pasture/hay at@0 (Fig.3.1). Turbines selectedverefull-plot turbinesas part of
aconcurrenpostconstruction monitoring effort conducted to estimate bat fatality rates at
the study sit¢see Chapter IlThese turbinewere selectetb compare bat activity with
discovered bat carcasse®wever, too fewreshcarcassethat could beonfirmed as
occurring the previous nighto compare with nightly activitwere foundatthese
turbines during the studppssibly due to length of sampling search interval (7 days),
scavenger removal, or searcher efficiency (Weaver et al. 20l®dxefore ] compared
bat activity athesethreefull-plot turbines with number of fresh bat carcasses discovered
duringa paralél study centeredn assessing the effectiveness of an ultrasaoauistic
deterrenin reducing fatalities. Testingasconductediuring the same time frame in
2017at the study sit@Neaver et al. @193. For this parallel studya set ofL6 turbines
were affixed with acoustic deterrertkat were either on (treatment) or off (controls) each
night Although theseurbines were natriginally a part of tle presenstudy, they were
searched dailguring concurrent acoustic deterrent testing amaepresentative of
fatality patterns during my study peri@chen bat activity at turbines was recorded
adjusted the date a bat carcass was discoder@ng deterrent testing the effective
night of fatality occurrence. For example, ifrash baicarcass was found on the morning
of 5 September 2017, it was assumed to have occurred on the night of 4 September 2017
Turbinesselected for testingcoustic deterrentsereoriginally considered for being
included in tle presenstudy However, due to thine manufacturer warranty concerhs

wasunable to pair these technolog{€sy. 3.1).
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| analyzel acoustic data usingaleidoscope Pro Buto ID Analysis Software
(Wildlife Acoustics, Inc.), and used tBats ofNorth America5.1.0classifiersfor Texas
with a balanced (neutral) sensitivity settangd selected the following species for
automatic identificatiofauto ID} eastern red bat.&siurus borealiy hoary batl(.
cinereuy, southern yellow bal( egg, northern yellow batl( intermedis), cave myotis
(Myotis velife, evening batNycticeius humeraljs tricolored batPerimyotis
subflavu$, and Brazilian fregailed bat | basedauto IDspecies selection @species
range maps (Ammerman et al. 2012; Schmidly and Bradley 2016), ardssasound
during postconstruction fatality monatring at the site, as well as@ther South Texas
facilities inCameron Hidalgo, Starr, and Willacy ounties | selected 8120 kHz for
minimum and maximum frequency range detectid®0® msminimum and maximum
length of detected pulses, 500 ms maximum {igy#iable gap, and a minimum of 2
pulses for signalletection parameterslevin Durish (ESE Partners), a bat acoustic expert
assised me ifrmanuallyreviewing all batfiles, includingthoe | abel ed as fAnoi ¢
eliminate false positives amegatives and edirm species IDOnly search phase calls
were used to determine species identification. Wheufficientsearch phasgulses were
availablefor identification or quality of a file wa too low to deterime species
identification, bat filesvere placed into a low or high frequency group (famd hight),
with the lowesttharacteristic frequency 86 kHz as the dividing point (Tab81).

Acoustic recordings cannot identify numlzdéatsor bat abundandeecause
multiple bat passes could be from the same iddiai. Therefore, | quantified bat activity
as bat passes peetectornightand used this to standardize activity measumed relatd

overall batactivity patterns byurbing month andhour of night, bottor all batsand by
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species or species group. | calculatetbectornight as the total bat passes divided by
the numbepf recording microphones (n=6) per night, and not individual detector units
(n=3) because thmicrophone is considered the individual sampling unit.

| obtained hourly measurements of temperature, relative hiymand speed,
and barometric pressure from weather instruments on a meteorological tower (MET)
located at the facilityMIET 36: 98°32'46.68"W, 26°31'21.81"[N Recording instruments
were mounted 9®5 m from the ground, which corresponds with turbine nacelle heights
(95 m). | converted relativieumidity to absolute huigity (g/m3) using the recorded
temperature and relativeimidity data Yaisala,
http://lwww yvaisala.com/Vaisalaocuments/Application%20notddumidity
Conversion_Fonulas_B210973ENF.pdf). | usedabsolute humidity instead of relative
humidity because absolubemidity is independent oéimperature and a better measure
of ar moisture than relative huwfity (Colloff 2009; Hillman et al2009).1 obtained
nightly fraction of moon illumination from
Applications Department websitkt{ps://aa.usno.navy.mil/data/docs/MoonFraction)php

To determine if there was a relationship between balitiaand bat activity, |
performeda generalized linear modéblLM) with total nightlybat carcasses as the
responseariableand total bat passes per nigistthe predictor variable. The data were
overdispersed, and thus | modeled with a negative binomial distribution using function
Agl m. nbo wi t h versioo R3B1gdgVenahlds arel Ripley 2002)R
version 3.5.3 (R Development Core Team 201®pnddition,| assessed the relationship
of weatherand temporatovariates otbat activityusinga negative binomiabLM with

stepwises el ect i on usi ng t hseledies thenquel withloest t 1 on i n
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Akaike information criterion (AIC)l modeledtotal bat passes per haas the response
variable temperature (°Clandhourly absolute humidity (g//), wind speed (m/s),
pressure (mbarjp -haur pressuregndfraction of moon illuminateds predictor
variables, as well as Julian datedhourof night since recording begdti 11) as a
guadratic polynomial | modeled the lasivb variables as quadratic polynomials after
viewing scatterplots and determining there was almear relationshipl scaled

covariates by subtracting the mean and dividing by the standard dey&@DarPrior to
modeling,l assessed collimeity of variabless si ng functi on #Avifo
version 3.83 (Fox and Weisberg 2018nhd dropped a covariate if tgeneralized

variance inflation factofGVIF"(1/2*DF)) was >3.0 (Zuur et al. 201Q)restricted

analysis fron08:00 PMto 06:00 AM despite detectors recording outside this time frame
due to few detected recordings of bat pags@sl%) during these hou(s=53) This is
likely because bathad not yet emerged and become active earlier in the evanthpad
ceased activitpy themid-morning It is important to note that hourly bat activity was
modeled bsed only on the hour and not iynute. For example, if a bat pass was
detecte at06:58 AM | classifed itasoccurring during th@6:00 AM hour, or 10 hours

after recording began.

RESULTS
Detectors recorded at all three turbigestinuously between 14 August 2017 and 19
October 2017 for 67 nightsach, or 402otal detectornights. | documented 61,186 total
bat passes across all microphor@sain average of 152 + 16.9 bat pasketectormnight.
Activity ranged from 0.8 bat passes/night to 669 bat passes/hwgas. unable to classify

to speies many files due to low file qualityr lack of distinguishing call characteristics.
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Therefore, the low species group comprised the majority (44%) of all bat passes
(n=26,733), for an average 67 bat passedétectornight (Table3.2). Brazilian free
tailed bats comprised the majority @2Y of bat passes (n§1521) of thosel was able to
identify to speciesfor an average of 41 bat passleséctornight Additionally, &ter |
hadprocessedhe databy Kaleidoscop@nd manually reviewed all fileg discovered that
western yellow batd ( xanthinu3 and western red bats. (blosevellii) were genetically
confirmedto occurat the siteduring a concurrent stud)Amanda M. Hale, Texas
Christian University, Fort Worth, Texas, personal communication, March)2019
Distinguishingamong the variasyellow and red bat species astigally is difficult

given the overlap in echolocation characteristidserefore] groupedall yellow bat
species into one yellow bat grqugnd red bat species into a red bat grotgdlow bats
comprised the next mosbmmonlydetectedyroup at 23% (n=1492), for an average of
35 bat passedétectomnight The remaining species or groups combined accounted for
only 6% of detections (n=3,740).

All low frequencyspecies and species groups exhibited a nightly unimodal
activity pattern.Low f and yellowbat activity wasighestat 0000, or12:00 AM
(midnight).Brazilian freetailed bat activity peakeat 0200(02:00 AM). Hoary bat
activity was highesat 2300(11:00 PM andstayed fairly consisted fro2300 to 0400

(11:00PM to 04:00AM ranging from 1.01 to 1.20 bat passketéctornight (Fig. 3.2).

Evening bats displayed a bimodal nightly activity pattern that was highest at 2000
(08:00 PM) and peaked again at 0200 (02:00 AM). Red batmtecittent increased
activity throughout the nighrindpeaked at 0600 (06:00 AM). Cave myotis had a mostly

unimodal activity pattern with a pronounced pea@@®0 (12:00 AM), and bats in the
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highf group had periodic peaks with the highest activity occurring between 4 and 5 hours
after recording (11:00 PM to 12:00 ANFig. 3.3). Although cautioned should be

maintained when interpreting the acoustic activity patterns for the high frequency species
and group described above due to low sample size (n=181).

Septembeshowed thdrighest bat activityat 181 bat passek@tectornight,
followed by October with 159 bat passktectornight, and August with 97 bat
passesietectornight Turbines 3-08 and 496 had similar bat activity rateseraging 58
bat passedétectornight ands6 bat passedgétectornight, respectivelyTurbine 460 was
somewhat lower averagir88 bat passégetectornight The night of the highest recorded
activity wasthe night beginning o4 September 2017 with 669 bat passetctornight
followed by 1 Septetver 2017 with 531 bat passastectornight, while 7 September
2017 was the lowest at 0.8 lmtssesletectornight (Fig. 3.4). The two nights with the
highest actiity also corresponded taghts with the highest documeuxltfatalities with
31 bat carcassealiscovered on 1 September 230 bat carcasses discovered
September 20lGener al i zed | i near model results (b
0.001) of bat fatalities versus bat activity indicate a significant positive relationship
between théwo variablesfig. 3.5).

The top model with the lowest AIC (6836.7) from stepwise selection assessing the
relationship between bat activity and weather and temporal covariates included absolute
humidity, temperature, wind speed, Julian date, and hour of night (38hléloweverthere
were three competing model s -houtchangeln prpssété, C) t hat
moon illumination, or pressure. | selected the top model because it was the most parsimonious

and because the covariates in the competing models weremétaig predictors of bat activity.
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Results of theselectednodel indicate a significant ndmear relationship
between bat activity and hour of nighig. 3.6A) and Julian dateé~g. 3.6B), a
significantnegative relationshipith wind speedFig. 3.6C) and temperaturd=(g. 3.6D),
anda significant positive relationship with absolbtemidity (Fig. 3.6E; Table3.4).
Across the studyhe range in nightly hourly temperature was 16.6°C to 35.6°, pressure
from 980.2 to 999.6 mbars, wind speed from 0.52@ m/s, and absolute humidity from

6.7 to 23.4 g/rh

DISCUSSION

To my knowledge, this is the first study to assess bat acoustic activity at wind turbines in
southTexas.Fern et al. (2018) studied summer bat acoustic activity patterns for cave
myotis,eastern red bats, evening bats, and Braziliant&iéed bats at a nearlygnch in

Jim Hogg and Stacountiesfrom June through September 20T#e activity patterns |
recorded at rotor height were similar to patterns observed byeFatn(2018).

They foundevening bats displaying a bimodal pattern, eastern red bats a sporadic pattern
with multiple peaks, and cave myotis and Brazilian-teked bats a unimodal pattern

and the mghtly timing of peak activity for Brazilian fre¢ailed batseasterrred batsand
evening batsnirrored that in my studydowever, cave myotis had a later peak in activity
around 0300 (03:00 AM) (Fern et al. 2018). Unlike Fern et al. (204&], not

distinguish between eastern red and western red bats and insteaddoeddzht group.

Ther decision to not consider western red bat&ely because they were unaware of

thar confirmedpresenceén south TexadNevertheless, there are striking similarities
between our two studies. However, Brazilian ftaéed bats weréhe least detected

species during their study (Fern et al. 2018). This could be due to differences in recording
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heights of microphonedly microphones were positioned at approximately 95 m above
ground, while thosen their study variedut werenever moe than 7.62 nabove ground
due to cable length constrairfisern et al. 2018)Brazilian freetailed bas are considered
to behigh altitudeflyers often exhibiting more activity above ground than at ground level
(McCracken et al. 2008My results and thee of Fern et al. (2018) demonstrate the
importance of assessing nightly bat activity patterns by indivisjpaties when
considering operational mitigation approaches at wind energy facipaescularly if
there is a specific target species of concern

Based ommy results, the most active speciaad most susceptible to fataligt,
the study site is the Brazilian frégiled bat This isfurthersupported by fatality
monitoring dataat the study siten which this species comprised 76%di$covered
carcassef/Neaver et al. 2019bJiventhesemortality results, it is probablBrazilian
free-tailed batcomprise the majority dfat passeslassified in the low group andwere
underrepresented this assessmentsing only the recordingdassified to species level

| consider bat activity at Los Vientos to teativelyhigh for the study period
when compared to other wind energy facilitiBaerwald and Barclay (2009) reported
activity from various sites, with lasighest average df4.8 lat passesdetectornight Jain
et al. (2011) reported an average36f6 bat passafttectornight (Jain et al. 2011)
Activity rates of these studies wet8.3 to 4.2 times lower than nsyudy, respectively
One study conducted in north Texas monitored bat activity both at wind turbine nacelle
height and ground level at two wind turbines in relationship to foraging behaviors from
2011 to 2016 (Foo et al. 2017). While they did not distinguish bat passésgizor

night, nor did they identify number of passes recorded at gréewed versus nacelle
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height(likely due to differences in objectiveshey did report a total of 3,606 bat passes
from 284 nights of surveys across 5 years (Foo et al. 2017). THi%cs$eQver calls than |
recorded in 67 nights in 2017 only.

The high level of bat activity at Los Vientssnotunexpected based qne-
construction acoustic detector datatfoe study site. Duringre-construction monitoring
two Remote Bat Acoustic Teoology (ReBAT) systems were mounteh two MET
towers at Los Vientos, each withmacrophone at 30 m and 6 Detectorgecorded
nightly from 1 Septemdr 2014 to 1 September 20¥verageannualactivity was 315
bat passedétectornight, morethan2x that of my study (NormandeaAssociates, Inc.
2016). The difference between pead postconstruction acoustic activity could be due
to differences in methodology, timing, equipmenterannual variation, weather,
placement on the landscape and of microyso etcDespite these differences, both
studiescorfirm bat activity wasvery high at Los Vientosluring both sampling periods
Due to a high volume of datdlormandeawAssociates, Inq2016)wasonly able to
assignspecies idetifications toa subsmple of bat passe8.6%,n=15,291) in which
Brazilian freetailed batscomprisedhe majority of identified specieslowever,
composition otheremaining species and specggsups diffeedsomewhat fronmy
study primarily because th@ycluded more sgcies in auto ID analysis due to a lack of
knowledge pertainintp species composition for the regi@ormandeawssociates,
Inc.2016)

Low wind speed, moderate temperatures, and high absolute humédéy
importantweather covariates associated witbreasedat activity Others have reported

similar results for wind speed arimidity (Amorim et al. 2012, Lang et al. 2006).
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Temperature is also a known predictor of bat acthatthough typically there is a
positive relationshigAnthony et al. 1981; Amorim et al. 2012; Muller et al. 2012;
Bender and Haman 2015)The negative relationship of bat activity with temperature is
potentially due to the limited recording period, during which temperatures remained high
enough for bat@ivity for the duration of my study. Had recording taken place during
other seasons, such as winter, this relationship would most likely be difféfeii.
these weather covariates are associatedamithcan be used to predictreasing bat
activity, it is important ® note that they do not impbauseand effectSome bats display
an attraction to wind turbines (Cryan et al. 2014), and this behavior increases interactions
as well as risk which cannot be accounted for by weather covariates alone.

Presure and pressure changes were not important predictors of bat activity. The
resultsare heterogeneousgardingthe relationship between pressure and bat activity
with results fromsomeresearcheporting a positive relationship with increasing pressure
(Berkova and Zukal 2010; Bender and Hartman 2015), and others reporting a negative
relationship (Paige 1995; Turb2008. Moreover, faction of moon illuminated was also
not an importantariable associated withightly bat activity.Researchesultsindicate
some species display decreased activity with increased moon illumi(izdiog et al.
2006) while othersexhibitthe oppositebehavior(Cryan et al. 2014 The lack of
importance of these covariates in my madelybe due to grouping bat activity for all
speciesput might prove tdbeimportant on a speciespecific level. Furthermord, is
possible that bats respond to pressure changes on a different scale, and night time activity

could be influenced by changesdehan 24 hours in advance.

65



Results oimy study carhelp informoperatioml minimization, or curtailment,
strategiesn south Texas for wind energy operatanterested in thesaethod (Baerwald
et al. 2009; Arnett et al. 201Martin et al. 201). During operational nmimizationthe
turbineblades are feathered and the-in speedi.e., the wind speed at which the turbine
begins generating electricitig raisedyesulting in little to no rotation of the blades at
relatively low wind speed@artin et al. 20T). At Los Vientoghe manufactuire &t-in
speeds 3.5 m/sRaising cutin speedto 5.0 m/s or higher (previously termed
curtailment) has demonstrated effectiveness for reducing bat fataétasise thispeed
corresponds with peditality (Baerwald et al. 2009; Arnett et al. 2D However there
is a paucity of data indicating whether this strategy is effective for Braziliaitciled
bats. Moreoverthis method results in lowered energy production and reduced profits for
facilities. Therefore, efforts have increased to further refine this strategy and gocount
otherinfluential weathewariables on bat activity, such as temperature, in order to reduce
the necessary curtailment time to effectively reduce fata(itestin et & 2017) This
method is sometimes referred to as smart curtailnvntesults indicatsuchefforts
will be most effectivef focused duringnights oflow wind sped, high absolute
humidity, andmoderate temperatureBhe level of fatality reduction desired, as well as
species of interest, will dictate threshold recommendations for each of these climatic
variablesTemporal covariates associated with nightly bat activity included dfonight
and Julian date, both ofhich arewell-documentedn the literatureas important factors
influencing bat activity(Kunz 1973; Brooks 2009).

Based on beta values, the influence of each variable in order of importance is hour

of night, Julian date, wind speed, absolute humiditg, finally temperatureHowever,
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nightly timing of impact reduction strategistiould consider target species. For example,
if Brazilian freetailed bats are the species of concern #féorts to reduce fatalities
should beconcentrated fror@100 to 050@09:00 PM to 05:00 AM)whichcorrespond
with 99% of activity, and from 2200 to 0400 (10:00PM to 04:00AM) with 9%
activity. This will vary for other speciesuch as evening bathat were most active
earlier in the eveningVhen considering Juliarate my monitoring period was restricted
to 67 nights during late summer to early.f8lased on results of Chapter Il and Chapter
IV, the current study might not be sufficient for determining seasonal timing of reduction
strategiesFurthermore, becaus®hly conducted a single seasoracbustiomonitoring
there is likely tdoe interannual variation idaily bat adivity patterns as is demonstrated
in Chapter IV

The relationship between bat acoustic activity and bat fatalities indecatesart
curtailmentstrategyusing aoustic detectors, such @ Turbine Integrated Mortality
Reduction (TIMR) systemmightbe effective at reducing bat fatalitiesthis region
(Hayes et al. 2019). However, this system still results in power loss gnidema
considered an unacceptable metbgdvind energy operator$he current strategy of
TMRi s to curtail turbines i f wind speed
a 10minute period (Hayes et al. 2019). Given the high level of bat activitps
Vientos, under the currently reported methods this system could result in curtailing
turbines for a majority of the night. Higher thresholds for decision making could reduce

curtailment times to an acceptable level if this strategy is depl&yatiermore, it has

not been tested on the suite of species at Los Vientos and will require validation testing.

If this strategy is not a viable optidrrecommend exploring other potential impact

67



reduction strategies, suchuasrasonic acoustic deterresich have been proven
effective for Brazilian fred¢ailed bas and hoary bats at the study $iéeaver et al.
2019a).
It is possible other weather variahlesich as precipitation and cloud coae
associated witbat activityandcould further refie smart curtailment strategies.
However, | was unable to account for these parasieésause they were not measured
by MET tower instruments. Data from the closest weather station that collected hourly
precipitation (Rio Grande City, TX UEO00OP:41762Pwas more than 14 kilometers
south of the nearest wind turbine and showed no rainfall ontdatisobservedainfall
at the study site. Localized weather events confined to the study site commonly occurred,
which were confirmed on the ground and via raafacell phone based weather apps.
Therefore, | am not confident in data collected by weather stations outside the study site
reflect actual on site conditiom®d chose not to use them in our analyses.
Futureanalyses ofhese data include quantifying potential foraging activity by
assessing feeding buzzes and pairing acoustic data with thermal imaging camera data
recorded concurrently at the same turbines. Pairing these observations will allow for
further behavioral angses and refinement of impact reduction strategy
recommendations. Data analysis for this effort will begin in faQff9.
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Table 3.1 ' Range of echolocation call characstigs spanning the mean and standard
deviation for species known to occur at Los Vientos Wind Energy Facility in Starr
County, Texas.

Species fc hi f lof fmaxE Duration Group
Cave Myotis 38142 651110 32138 41749 517 High f
Tri-colored Bat 417144 48167 40143 42146 5.88.4 Highf
Eastern Red Bat 37144 54181 37143 3949 4.6/9.1 Highf
Evening Bat 36140 48178 34i38 37143 3.89.4 Highf
Northern Yellow Bat 2730 3853 26129 2732 8313 Lowf

Southern Yellow B&t* 27134 3452 2934 30i38 3993 Lowf
Brazilian freetailed Bat 23138 2539 22126 2531 9514 Lowf
Hoary Bat 18122 21121 1822 1823 715 Low f

fc: characteristic frequency, or frequency at the lowest slogehighest frequency (kHz); Ib lowest frequency

(kHz); fmaxE the frequency with the most power; Duration: duration in milliseconds of the call from beginning to end;
Group: based ofz above (Highf) or below (Lowf) 35 kHz.1-Szewczak et al. 2008Szewczak et al. 201%-Rydell et

al. 2002*-06 Farrel9d. et al . 19
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Table 3.2 ' Number and composition of acoustically detected bat passes by species and
species group identified at Los Vientos Wind Enefgygility between 14 August and 19
October 2017Low f includes Brazilian fre¢ailed bats, yellow bats, and hoary bats. High
fincludes red bats, evening bats, and cave myotis.

Species Total Bat Passes Bat Passeddetector-night Composition (%)

Low f 26,733 66.50 43.69
Brazilian freetailed bat 16,521 41.10 27.00
Yellow Bats 14,192 35.30 23.19
Hoary Bats 3,559 8.85 5.82
Red Bats 78 0.19 0.13
Evening Bats 63 0.16 0.10
High f 21 0.05 0.03
Cave Myotis 19 0.05 0.03
Total 61,186 152.2 100
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Table 33. ° Model results from stepwise selection using Akaike information criterion
(AI'C) and @Al C for generalized | inear mode
and temporal covariates at Los Vientos Wind Energy Facility in Starr County, Texas from

14 August through 19 October 2017. The most parsimonious model is the top model

foll owed by stepwise elimination or addit:]i

Model Df Deviance AIC Al C
AbsHum+Temp+Wind Spd+ JD"5+Hour"2 - 857.5 6836.7 0.0
+Press.Change 1 856.9 6838.1 14
+Moonlll 1 857.1 6838.3 1.6
+Pressure 1 857.4 6838.6 1.9
-Temp 1 867.6 6844.8 8.1
-AbsHum 1 885.7 6862.9 26.2
-WindSpd 1 902.4 6879.7 43.0
-JD"2 5 955.9 6925.1 88.4
-Hour”2 2 1237.7 7212.9 376.2

Moonlll=fraction of moon illumination; AbsHum=absolute humidity (§/nTemp=temperature (°C); Wind Spd=wind
speed (m/s); JD*2=squared Julian date; hour*2=squared hour since recording.
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Table 3.4 ' Results of the top generalized linear model for leatuatic activity and
weathemparameters at Los Vientos Wind Energy Facility in Starr County, Texas from 14
August through 19 October, 2017. Parameter estimates, standard err@ \(&8lEgs, and

P values. All variables were statistically significant.

Variable Estimate SE Z value P value
Intercept 3.75 0.05 70.99 <0.001
Temp -0.28 0.08 -3.34 <0.001
AbsHum 042 0.07 5.85 <0.001
Wind Spd -0.48 0.06 -7.05 <0.001
JulianDatel 10.03 1.79 5.60 <0.001
JulianDate2 -10.32 1.48 -6.98 <0.001
JulianDate3 6.02 1.82 3.32 <0.001
JulianDate4 -10.77 1.58 -6.81 <0.001
JulianDateb 6.05 1.48 4.08 <0.001
Hourl -19.47 1.94 -10.01 <0.001
Hour2 -32.70 1.48 -22.04 <0.001

Temp=temperature (°C); AbsHum=absolute humidity fy/mress.Change=240 u r

Spd=wind speed (m/s)
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types. Inset map shows the location of study site within Texas.
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Fig. 3.4. Daily bat acoustic activity and detected bat carcasses discovered during

deterrent testing (Chapter V) at the Los Vientos Wind Energy Facility in Starr County,

Texas from 14 August to 19 October 2017.

76



120

w 90
@
W
;]
(4=
2 60
(1]
O
©
m 30
0
0 200 400 600
Bat Passes

Fig. 3.5." Effect plot of relationshifpetween bat passes per night and bat fatality (black
line) with 95% confidence intervals (gray) at Los Vientos Wind Energy Facility in Starr
County, Texas from 14 August through 19 October 2017.
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Fig. 3.6." Effect plot of relationship between bat passes per hour and significant
predictor variables of hour since recording began (A), Julian date (B), wind speed (C),
temperature (D), and absolute humidity (E), with 95% confidence intervals (gray) at Los
VientosWind Energy Facility in Starr County, Texas from 14 August to 19 October
2017.
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