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ABSTRACT

Though owre prolific, the barn owlTytoalba) is now considered vulnerable in
Pennsylvania and vulnerakie-critically imperiled in all surrounding stateBarnowls

are charismatianimals. They areide-ranginggeneralists, stheyareseldomthe target
of speciesspecific conservation efforts. Barn owls thriveopen habitats, simeir North
Americanextentexpandedxtensivelyin the early 190Qvith the increasedeforestation
brought by intensified farmingFarming practices in the northern range @f thnites
States subspecies.(alba pratincola are changing, and barn owl populations appear to
beresponthg. Across Pennsylvaniampen pastures are being replaced by smaller, row
crop fields thahave the decreasmarn owl huntindhabitat With the exeption of a
severahesting box companies, few people are actively working towards conservation of
barn owls. Statisticaly accuratedescriptions of their specific habitat requiremearts
rareas a resulof their wide range and general disinteresitudying thespecies

Radiotransmitted data from 16 barn owl fledglingéeased from Pittsburgh,
Pennsylvaniawas used to determimeeferred halat and climatic conditionsOwl
dispersapaths spanned the eastern United Stabespersapatternsconsisted of bursts
of rapid dispersahs well as heavy use bbme rangeof 320 knf. The most heavily
used point within eacestablishedhome rangeised by a successful owhas compared to
locations of mortalities using envelope, generalized linearckasdification and
regression tree spatial modelBhe most heavily used habitat was #ing, flat, and
open with temperatures seldom dipping below freezifige maps created by these
models were compared using Pennsylvania as the focal regmenavelope model
likely underestimated existing habitte to its simplicity Less than 5,000khof
Pennsylvania was deembdbitat, an area that coddpportfewer thari00 owls. The
other models estimated that-60% of land covebothin Pennsylvania ahacross the
eastern United Statesuld be functionlahabitat. These estimates éikely more
realistic for a generalist species like the barn owl.

Given the breadth of the estimateabitat, populations shoulte more robust It is more
likely thatalack of nesting sites @ decline in prey numbecsawused the present
situation. Agricultural trends aldavor increased pesticide ushichwould diminish

prey populationgs well as improved building condition$his could remove potential
nesting spts in the eaves of barns and sild$ieacceptable temperature range does not
extend intonorthern Pennsylvania, and nearing that range, survival necessitates
increasingly shelteredest sites, likéuildings. A straightforward conservation approach
would be placingartificial nesting boxesiareas of low pesticide usech avineyards
andorganic farms.
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INTRODUCTION

The common barn owll{to albg is uniqgueamong nocturnal raptors in that it is
able to thrive in areas of anthropogenic influe(@elvin 1985). Barn owlsare native to
coastal marshlandghich provide similar habitat tagriculturalareagColvin 1985,
Jemson and Chabreck 196The expanses of short, nr@mmody vegetatiosupplythe
owls with suitable hunting grounds, and theeef of poorly sealed barns, shealsd
silos resemble faved naturalnesting sitesTaylor 1994).

Barn owls preferentiallypest intree cavities butave been known to use other
predatorybir d s &s(Anderson 1996Taylor 1994)or groundnests Quigley1954,
Tewes 1984) Barn owls have been observed to share ngsiagh only beveen
females of polygamougproductive trios (Marti 1990)Humandestruction of natural
nest sites combined with construction of surrogate alteswild nesting preferees.
Mardi and Denng€1979), Newton (1979), Radley and Badn (2005) agree that viable
ness tes | i mit t buethesnflux of ageicultfure anthe assoEated
buildingsoften provideowls with densely available nest sitd3arn owls wereare in
Pennsylvania prior twidespreadtonversiorof forestto agriculturan the earlytwentieth
century (DCNR2010).

Twentieth century Pennsylvania lacoverrapidy transitioredfrom virgins
forests to vast expanses of open farmland (DCNR 20B@yn owl populations
flourished, but I the mid1900sthe national tendencwasto convertopen grassy
farmland to row crofields (Laub et al. 1979). This qaired less acreage, and
specialized livestock farms, predecessors to modern factory farmsdt.autd979).

Changes in land usdong with winter mortality, peé€ide use and prey cycles, are used



in attemptto explain the current Verable status of barn owls Pennsylvaniaolvin
1985,DCNR 2010 Mineau et al. 1999 This trend is mirrorechiall surrounding states
but has nouniversallyraised concern.

Thecurrentrange of the American barn ogpans most of the United States and
continueghrough all of South Americ@laylor 1994) Subspeciegxistelsewherebut
even those within thAmericasare notclearlydelineategossibly because of
documenteapportunities for interactioflaylor 1994) It is notfully understoochow
American subspecies interact or hlmeal extinctionsouldalterthesuccess othe
species as a who(Stewartl952, Taylor 1994)

A primary cause of the lack of subspecies delineation is the irregularity of barn
owl dispersal patternBarn avls have been observed disperse long distancesyt at
varying temporal intervals. e factors influencing when amdherethe owls travel
remains relatively unknownSome studies suggest owls settle at nesting sites found by
chancgColvin 1985)whereatherssuggest that barn owls have predictahlgration
patterrs (Stewart 1952). kerved breeding dispersal of dad individuals rangkfrom
under ten kilometers to over 1600 (Bolen 19vi@sti 1999,Soucy 1985, Stewhai 952).
Dispersal observatiortgpically utilize banding and recapturehich operates on the
assumption thatggedowls locatednear a previously @tipiedsite never left
Moreover, many noted@ediscoverie@wereof deceased owls, often lgll as a result of
vehiclecollisions,shootings or other human actionsThe dispersal patterns of barn owls
canmoreaccuratelybe inferred from numerowsghtings oflive individuals.

Many would assume thatowing so littleabous uc h an accessi bl e sp

preferred habitatvould promptinnumerable studie$ut evenaslocalizedpopulations



declined the ubiquitous nature seems to haveidedanymomernousattention. The

currenly prevalenttheoryis thatincreasingagriculturalintensitydecreasgbarn owl

habitat, whichs logcal butremainsstatisticallyunproven This studyuses satellite

tracking using radio transmittets trackbarn owl dispersal pattern3his study sought

to quantiy barn owl habitat preferences and climatic raagevell as identify ptential

habitat. With a better awareness of dispersal and habitat preferences, conservation efforts

can become more effectiv

METHODS

Data collection

In 2005 the Pittsburgh Zo% PPG Aquarium antoraineState Parkointly
funded the rearing of 16 barn owl€aptive breeding pairs raised the chicks to fledglings
with minimal human interactionPrior to release, the fledgls were fittd with satellite
transmitters The transmi tter rode in thel@xdenter of t
nylon fastened r ound t he o,simi&rgo the evayta pagachuts is fdseened
By the release dates, all owls had preenedr#msmitters so that only the antennae could
still be seen.Theowls were moved t@ 9.Im x 3.7m x 3.7m outdoor enclosure for a
minimum of ten days prior to releasBuring this time, live mice were provided to
simulated hunting experience within theekrsure. Release occurredmid-September
which mimicked the timing of natural fledging

The Amgoscertified transmitters oul d transmit t he owl sd | oc
400 hourslimiting the transmission scheduliitial dispersal and breedirsgason were

of greatest interest, so transmitters wan@granmed to transmit locatiorsvery two



days in the fall, every ten days in the winter, and every sevenrdtyes springat a
frequency of 401.650MHz = 30kHZolar orbiting satellitesf the National Oceaniand
Atmospheric AdministratioNOAA-15, NOAA-16, NOAA-17, and NOAA18)
recorded transmissiorsd simultaneously sent owl locations and altitudesi#rgos
receivingstationin Wallops Island, Virginia, USA.

The Argos processig centeiin Largo, MarylandlUSA filtered and corrected
erroneous datbefore forwardingt to the Pittsburgh Zoo & PPG Aquariwra their
ArgosDirectprogram Raw data wasiadeavailable, however onlgrofessionally
rectifieddata was considered.his service was provided as a part of transmitter purchase
and taken advantage in order to ensure accurbleg.platformsalsodoubleal as radio
transmitters, allowing for manueaérification of owl locations.Verification was
conductedandomly at Pittsburghrea locationso check accuracy of the Argos data.

There were no discrepancies found, so this datat included in theanalyses.

Dispersal routewere estimateth ArcGIS given owl locationst s i ng Hawt hos
tools, buffering all locations by a mmum of20km to determine the area of interest
Non-continental boundaries were then made rectangular in order to simplify data
download(figure 1) The30m2001 National Land Cover Dataset (NLO®s
downloadedrom the U.S. Geological Survey (USGS) Seamless SeAdditional
wetland and agricultural dateere downloadefl r om t he U. S. Fish and Wi
National Wetlands I nventory and the U.S. Dep
Agricultural Statisttal Service respectivelyThe 90m Satellite Radar Topography
Mission (SRTM) digital elevation model (DEM) provided aacse resolution DEM

which was necessary given the broad spatial scope of the analysesperature,



isothermality, and precipitatiafata from WorldClim were downloaded to examine barn
owl seasonal habitat us&lark Browning, of thePittsburgh Zoo & PPG Aquarium
assembledhe owl locatiorpoints as an Excel file which wasported into Arc. All data
wereprojected into the 1983 Norfhmerican Datum (NAD83) Albersqual area

projection.

PhysicalHabitat Analysis

Thelow temporal resolution of the owl location data complicated the
determination opermanenhabitat versus transitional, migratdrgbitat. A minimum
stay of ten days &s requiredo guarantee that a habitat was suitable andmignatory.
Habitat was then classified as area where two of tieesgaystays had been recorded
One instance of a bird roosting in onedbtion for 22 days was removede to mortality
at that site. Twenty locationgjualified as sample habitatsard cover type, elevation,
slope, aspecgnd distance from agricultur@etlandsmoving watey grasslands, and
urbanizatiorwere determined for each of these habitat pdiwgpendix A. Specific
agricultural and wetland classifications, such as riverine or paulustrine wetlsrds,
extracted to points tated in either broad land cover type

Similar methods were used dastinguishpoor barn owl habitat. Thirteen owls
died during thecourse of this studynd the locations of their deativere assumed to be
in unsuitable habitatAll analyses included these poirtscept he envelope method o
species distribution modeling

Eachnumericalvariable was examined for statistically siggant differences

betweersuitable and unsuitabtetesusing independent twtailed ttestswith the
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intention of weighting significantly diffemt factors more heavily in a latgetermination
of suitable habitatAspectand land covewerenot factos in these preliminary statistical
analyss butwereintended tdoe considered thephysical habitat analysisAspect,
while it can be described in numerical angular units, is more comprehendible statistically
as a string variableSecondary compass liags(north, northeast, east, southeast,
south,southwest, west, and northwesgrecompareds si ng Pearsonds G| t es
done onceo comparareasheavily used bguccessful and unsuccessful birds and once
to comparéheavily used i@eas and sitesf mortalities. Aspect was also reduced to
primary compass headings to increase observations per categary ot her Pear sono:
test A P e ar s owas sseddojassede sonnumeric land cover classifications as
well. The length of staywas @mpared tdhe ultimate fate of the individual birds using a
Pearsonds 6] test in order to better esti mat
A generalized linear model (GLM) was used fese@ssing factor interaction
between both numeric and raomeric fictors GLM uses multiple models for the
specific response variablashecking for significant differences between the meadel
(Qian 2009).Prior to fitting GLMs,significantly correlated variables were reduced to
one representative variabl@neGLM wascreated usinghe number of days spent at
each location as the response varialiiénitially included all variables andasfit to the
| owest Akai keds I nformation Criterion (AIC)
influential variable. This was done until all vdries in the GLMs werstatistically
significant (p < 0.05and of thefit with the lowest AIC was accepted.
Theowl locationdata appearedustered in many area®ne pointused over an

extended periodould be surrounded by other areasntérspersedbrief use. This

11



suggests that barn owls set up home ranges.ArcGIS point density functionveighted
by the numberfodays between transmissiotistermined thaveragesuccessful home
range radius to b#0.1km (figure 2). Given the largeaster cell size (as large as 1km)
and temporal data gaps, meaningfulstatistical analysesould be performedout they

would aid in theunderstanaf how proximal habitats affect barn owl success.

Climatic Influence Analysis

Most noteworthyweather dta must be consideratl a fine temporal scale;
howeversome of the study owls dispersed hundreds of kilometers in a matter of days.
The inaccuracy of ass®ag isolated storm evesiimited daily climatic factors
considered In order to avoicextraneos interpolations from insufficient data,
Wo r | d Qprofessionallynapped climatic averages from 1950 to 20@3 substituted
for individual climate station records$viean annual temperature, mean diurnal
temperature range, isothermality, annual tempegagxtremes, annual temperature range,
meanannual precipitation, precipitation extremes, and seasosaliyed as general
weather indicatorsAppendix B. Numerical valuesvere extracteérom each weather
indicator raster usingepresentative points from the home ranges assessed in the physical
habitat analysis

A GLM was run withall climatic variables as independent variables and the
length of stay as the dependent variablpregicthow long arowl resided at that
location The season of stay wadded as a string varialidecause many of the climatic
variables were seasondhteracting variables were reduced to one representative

variableto reduce covariationSeasonal classification was determined by the median

12



date ofstay and its relationship to the 2005 winter solstice. Due to the small number of

gualifying sites, tdeathwdsnotabrssidered! ti mate succes
Seasonal habitat preferencgere looked atising twotailed independenttests

in order to dferentiate physical and climatic factor&actors considered during the

physical habitat analysis wereompared agaibut on the basis afhich seasothe bird

showed longer periods of successful.use

Existing Habitat Analysis

Threeseparate model pes were used to estimabeisting habitat: envelope
mode| GLM, and classification and regression tree (CART) model

Theenvelope modeak one ofthe most basic forsof species distribution
modeling. The range of tolerance of numerical factors, such as elevaittbmaan
annual temperature, were considered habiiidin the maximum andiinimumof the
observedralues For nonanumerical factors, such as land cover type and aspdgt,
values obsernwkin areas of longerm use(greater than 20 days)ere considered
Envelope modelvas usedo estimae barn owl distribution including all heavily used
areas.

GLM acts as a flexible least squares regressgamgmaximumlikelinood
estimation. Each fator maintains its variability. When combined using a simple linear
function, the variabily values of each factor are weighted and combined to give an
overall probability layer.Suitable habitat was determined based on the spatial

relationship to habitaand mortality sites.
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CART mode$ werecreatedwith the R 2.9.1 statistical software packa@ART
explains suitability by using the most influential variables to determine characteristics of
suitable and nosuitable habit This also restricts theodel to the fewest factors
necessary to explain habitat and #i@bitat differences.

This studyfocused on habitat inPennsylvania All aforementioned analyses are

guantified to greater detail within Pennslyvania.

RESULTS
PhysicalHabitat Analysis

Twenty heavily used habitat aresere apparentNinewereuse by surviving
birds, whileeleven were used liyrds thatdied The independenttest yielded no
significant differencesvhen comparing preferred habitat by successful versus
unsuccessful osl(Rable ). Th e P e ar satsoyi@ldedn® pignificarg results
(Table 1).

No single environmental variable could describe the differences in survivorship,
but in order to verify that all heavily used areas were synonymous with preferred, habitat
factor interactions were considered.

Finding physical differences between sustained habitat and the locations of
mortalitieswasintended to differentiate suitable and unsuitable habitat traits that may
have contributed to the mortaéis; howeveno environmental qualities varied
consistentlybetweeriocations of extended use and locatiohsortalities (able2).

The locations of mortalities did not differ franeavily usedabitat; and thigmpliesthat

thedecline inbarn owl populations may nbe solely attributable to changes in habitat
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Interactions between thphysicalvariables were not significant, doetyall were
usedasprimaryinputs to theghysicalhabitatanalysig(Table 3) The envelope modelf
the ranges of observed habitatind 35.5percentf the study area to be suitable barn
owl habitat(Figure3). GLM of the length of stayesulted in a finainodel fit using only
elevation , but themodelcomprised otlevation and distance to streaimsd the bedit
(Table 4). The&sLM estimatedsiable habitat at 80.4 percent, more than tvasenuchas
the envelope modéFigure 4). CART prioritized distance to flowing water,
urbanization, wetlands and agricult@®the most important factors for distiguising
viable and nosviable habitat (Fgure 5). When mapped, the CART modaiedicted6l.7
percentbf the study areto be suitable physical habitat@kre 6).

Within Pennsylvaniathe envelope mod@lredicted onlyl1.3percent suitable
habitat whichis 13, 289 kn (Figure 7). GLM estimated 34.Rercentor 40,290k of
Pennsylvania posssed the physical characteristiesessary for barn owl success

(Figure 8). CART identified 62.9percenior 73,757k (Figure 9).

Climatic Influence Analysis
As an exploratory testhe utimate success of the individual birdas compared
with the seasonusingaPeans 60 s 6| t est , aggdificamtresllte the her e we
resulting pvalue of 0.078 showetlends towards significanc& his preliminarily
suggested that climatic vabi@s associated with changing season could play a larger role
in barn owl survivorship.
As with physical habitat, there were no significant differertzetsveen the

climatesof areas used by successind unsuccessful owl. éble 5). The only climatic
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variable that differed significantly between sites of extended use and mortality sites was
mean annual temperature, but the general trend was towardsigrofieantvariation
than found between suessful and unsuccessful birdsafle 6).

Using an envelpe model, approximately 46p@rceniof the eastern United
States was found to be within thematic range of barn owls (§ure 10). GLM
indentified suitable habitabcorporating 76.percentof the study are@Figure 11)
whereas the CART modehly included 46.1 percent igure 12). GLM included annual
temperature range, maximum temperature, maanal range, and seasonalityadle?).
CART included winter precipitation, minimum temperature, seasonahtyannual
temperature range idure 13).

All climate models estimatedpossibleclimatic range thaincluded parts of
Pennsylvania. Thenvelope method estimated 10.0 per¢ft768kni) of Pennsylvania
was withint he bar n owl 0igurec’). LM adtimatedds.3perapre  ( F
(53,172kn?, Figure 8)whereasCART estimated 74.7 percef®7,582kn, Figure 9)of
Pennsylvania is within a usable range.

Seasonal environmental preferenee=re also consideredsubstitutingorior
groupingby survivorship with grouping by the seasonrdfabtation, elevation, slope,
distance to grasslands, distance to wetlands, and land cover type alkigmigdantly
with season (@ble8). Long periods of occupancy favored lowEigure 14 p < 0.001)
andflatter (Figure B, p = 0.011)erritories inthe winter This is consistent with
preferences transitioning from deciduous forest to pasture or hay agricultura{gields
0.002)as farm land typically covers flat lands in lower watershédee distancéo

natural grasslands and to wetlands altateg to season. Fall habitatgeretypically

16



closer to natural grasslands than winter habffats 0.04) although during both seasons,
natural grasslands remashwi t hi n t he owl s OFfigmel®.r age home r a
Conversely, overwintering barn owls teto stay closer to wetlands thdney did in the

fall (Figure 17 p = 0.0).

Existing Habitat Analysis

The combination of physical factors and climatic range simplestwith the
envelope model. Th&rictconstraints of that methdiited physicaly and cimatically
acceptable habitat teithin the bounds of every variabiested. The resuitly area
includedonly 19.3percent of the study areaigbre 1§. Conversely, GLM an€ART
identified usable habitatver 50 percentthough the areas inclad aredifferent (Figures
19 and20). GLM included annual temperature range, distance to grassland, moving
water, and wetlands, elevation, mean annual temperature and precipitation, maximum
temperature, minimum precipitatiosgasonalityslope, winteprecpitation, and land
cover type (&ble9). It estimatedhat52.0percentf the area of interesbuld serve as
habitat; howeverthe habitat patches wetcensistentlysmall speckling the landscape and
giving an overthappearance of connectivityi@ure ©). CART identified habitatwhich
was moreconnected, being based wore climatic variables, winter precipitation,
minimum precipitation, and mean diurnal rangut only one physical factadistance to
moving water (figure€0 and 2). The combnation of these factors iden#fil that 56.8
percentbf the studyareawas functional habitat.

Within Pennsylvania, the resulting percentages were much more variable. The

envelog model limited habitat to 4.2 percent of Pennsylvania (4,899kgure 7).
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GLM of Pennsylvaniaeft 75,132kni or 64.9% (Fgure 8). CART wasmore climate
dependenandonly identified51.9percent 60,880knd, Figure 9).
The number of times an area within Pennsylvania was deemed habitat was also

mapped for conservation potexn (Figure 2).

DISCUSSION

Prior to radio telemetry, bird banding was the ideal form of studying wild birds
over extended periods of time (Stewart 1992adio tracking has long been known to
come with some intrinsic error, particularly when the subjects were raised in captivity
(Mech 1983, Millspaugh and Marzluff 2001). Even decades prior to this study, atypical
animal behavior was observed when fitted with radio collars or other transmitting devices
(Mech 1983). Simildy, the tendency of captiviered individuals to tolerate huan
presence more readily than wild populations was well documented (Millspaugh and
Marzluff 2001). The owlets raised for this study had minimum contact with people, but
some degree of acclamation could not be avoided. In addition, owlets from captive
breading pairs were difficult to come by, so the study owls were obtained from zoos and
other breeding programs as far away as Arizona. They were all of the North American
subspecies, but there is no telling how dramatically their birthplace influenced their

dispersal patterns.

PhysicalHabitat Analysis
Barn owl s & more gpenlaadrcover syges i®s dommon knowledge

among ornithologistsTher heavy reliance on agriculture, wettis, and natural
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grasslandsas been well establishédolvin 1984, Hegdal and Blaskiewicz 1984)he
owlsin thisstudywere regularly fand in deciduous forestSalvati et al (2002)cites
deciduoudorest to besecondarhabitat to open lads, especially in rural aread ypical
habitat was taken into account with envelope model but not with GLM or CART. The
extracted distance rasters, like distance to mowaigr, accounted for land cover in
GLM and CART. Because envelope model inclustadables onlywithin the observed
ranges, itikely underestimated existing habitat. Its inconsistency with the other two
models further corroborates thieeory GLM and CARTreduce variables to only
include he most me@ingful ones The persistence of distance rasters in these models
affirms that barn owls establish home ranges in order to accumulate all survival
necessities.

Theestimaedhome rangesizewas larger than others suggest. Some
approximationdave been madas low @ 8knf (Taylor 1994). This estimate was mad e
in Scotland so any number of situational differences could account for the discrepancies
in home range sizel-or examplehe Scottish subspecies may be better adapted to
restricted areas or nest site availabitibuld be limiting American populations (Salvati et
al. 2002). Regardless, similar habitat types were noted among the Scottish owls (Taylor
1994). Themortality rate in this study, 81. 3 percent, was comparable to typical wild
fledgling mortality rées. The southern U.S. averagemortality rateof approximately
47 percent, but the northern U.Sads to be closer to 70 percemhong fledglings in
their first year(Henny 1969).Starvation is the primary cause of barn owl death (Taylor
1994). Pey species populations and hunting abilities are linked to physical habitat

characteristics, although a clearer link iszéhicular collisionsthe second most
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prevalent cause of deafhaylor 1994). Distance to roads was natagiable in this
study. It was not considered #ise study focus was @wl survivor necessities rather
than mortalitiy causes

The physical variables that were includeelre notconsistenticross all models.
Envelope and GLMmitted the Appalachian Mountains from potential habitat (Figures 3
and 4), but CART failedot makethe distinctionbetween lowlandhabitat and upland nen
habitat(Figure 6). CART indentifiedthe distance to flowing watén its first two
regression branches (Figure 5). i$hvasunanticipated as no previous studieséhav
observed this trendOne of the 13 mortalities occurred in the Allegheny River near Fox
Chapel, Pennsylvanighich may have skewed the resultgloreover, the primary
CART decision was based on a distance of 10.4km from flowing wates.is
unexpected similar to the home range estimated in this study (10.1km). The two numbers
were calculated independentlytbuappears that access to water may be a critical
component to the home range and as thus, an important determinant in hgengizea.
Evaluating he fit of CARTIs not possible using the data put into it (Chipman et al.
1998). The limited number of habitat and mortality locations did not make withholding
points for an accuracy assessment an optimelope models consistiyn
underestimate habitat and AIC values are easy to calculate from GLMs, but no practical
approach to limited input CARTSs exist (Chipman et al. 1998).

The physical habitat GLM only contained two variables: distance to streams and
elevation. The simplicity of this model could have negated its accountability, but both
factors may have been representative of other physical habitat qualities. Elevation, fo

example, has been used for a proxy for mean annual temperature (Millspaugh and
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Marzluff 2001). The physical habitat AIC value was the lowest obtained, but 323.85was
an order of magnitude higher than the existing habitat AIC, 30.Ai2.dramatic

difference implies a strorigendof climatedependent habitat use

Climatic Influence Analysis

Starvationhas been shown to be tleading cause of death in barn o\{sylor
1994) Snow is the most often quoted impedimenttolba owl s6 abil i ties to
(Chabreck 1961Marti and Wagner 1985, Taylor 1994prolonged belovireezing
temperatures also leave barn owls susceptible to freezing (Speirs Ad4@pdels
provided a stark climatic range that extended-tmstest throuy Pennsylvania (Figures
7, 8, and 9).The envelope model was very restrictive along the northern range (Figure
10). Limiting the acceptable range strictly to the observed range provides the most
conservative estimate; however, it does not take into attimat the northern mortalities
were not immediately north of the successfully used habitat.

The climaticGLM AIC value of 310.21was on scale with the physical habitat
AIC value,suggesting a nearly equal ability of physical habitat or climate to explain
variation in owl successhoughclimate GLM,too, was an order of magnitude higher
than the existing habit#IC. Existing literature suggested that snow mpeded barn
owl hunting abilities and increased mortalities in prolonged cover (Handrich et al. 1993,
Marti and Wagner 1985)Minimum temperature was strongly correlated withan
annual temperature and maximum temperaturé,vgas removed f'm analysis.Though
removing it from the model was a statistically sound chdgiceay have removed some

ecological importance as well. The uganinimum temperature in CART further
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affirms the error in removing minimum temper
partitions off areas of high winter precipitation as habitat (Figure 13). This was not
contradictory t o bahsnowasareasdecaivingghavmtprat i bi | i t vy
precipitation weresouthern and thus avoided the harsh temperatures in the northern part
of the rangdAppendix B). As the climatic range extending into freezing minimum
temperatures, measures of temperature buffering became more important in CART
(Figure 13).Owl survivalin areaswith freezing temperatures was only possible in areas
of low annual and mean diurnal temperature ranges (Figure 13).

TheWorldClim climatic data used wageated from averaging 50 years of data
together. The winter of this study, 2008006 was an unusually snowy winter, and
hurricanes and other extreme weather persisted throughout the year, possibly affecting
barn owl behavior. Converselyiogd climate change shows trends towards increasing
temperatures that would extend the northern range of the barmowhcreasing range
would imply increasing populations. As this is not the case, climate could not be used to
explain thenorthernpopulation deche. It did, however, provided an estimate of the
previously unknowmorthern range and therefore of the range of viable habitat worth

considering in potential conservation efforts.

Existing Habitat Analysis
Envelope estimated less than 5 percerRasfnsylvaniaas habitat (Figure 7).
Most wasconstrained ira few small patches in the southwsstrounding the release
site The biréd had not been able to fly long distances while being raised, so the initial

tendency to stay near the releasewds predictable (Millspaugh and Marzluff 2001).
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This error was inevitableThe owls were purposefully released in areas consistent with
known barn owl preferences in attpt tomimic natural dispersal aralirb mortality
rates however, thisnay haveaesulted in the artificial inflation of the importancebaith

physical and climatic habitat metrics typical of southwestern Pennsylvania.

Conservation Recommendations

Neither physical habitat nor climatic range could explain the differing successes
between owls in this study, though they interact€dnservation efforts should be
focused in the more temperatgians of the United Statewjthin the range at which
barn owls have previously been observédis study could not conclusively tie the
decline in barn owl populations to a lack in viable habitat, but it was able to distinguish
the most suitablbabitatin Pennsylvaniavhich is where conservation efforts have the
greatest probability of successiditional surveys of potential conservation areas to
determinelie presence of nesting sites and prveyld be more helpful in validating
habitatviability.

Conservation effortsould be more efficient if there wasbetter spatial
understanding of prey distributions and nest site locations. Coastal marshlands are
lacking inPennsylvaniabut agricultural fields with low pesticide use should have
suficient prey to sustain breeding pairSuch areas would likely include vineyards and
organic farms that would also reap the benefit of a natural pest cotich. sitesmay
lack is a proper nesting site. This can be remedikadively easilywith the useof
artificial nesting baes. Several companies already produce barn owl nesting boxes

which be fit onto existing building®r stand alone Boxes associated withubdings
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provide better protection from extreme weatherdoetmore cost and labor intensive.
Freestanding boxes are a less restriatetiey carbe erectecainywhere and do not
requirethe modification obuildings. Intelligently located nesting boxes couldhintain
populations asustainablelensities, furthering the benefits of natural pest control. In
areas of high prey availability, baowls become less territorial anghy shae nesting
sitesthough this is not ideal do to overcrowding and diséids¢h 1964 Marti 1990).
Placing boxes in vineyards and ongafarms could aid in both owl conservation and pest
control. Landowners would be more retrepto barn owl boxes if they barn owl is
present as a valuable agrarian tool. This coupling of conservation and anthropogenic

benefit would be the most efficient and effective conservation approach.
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Table 1.Comparison ohabitat used by surviving versus rsurviving owls.No significant

TABLES AND FIGURES

differenceswere detected

Mean
Variable Successful Unsuccessful p-value
Independent | Elevation (m) 161 230 0.315
t-test Slope (degrees) 0.53 0.91 0.284
Distance to Agriculture (km) 0.54 0.41 0.669
Distance to Natural Grassland (ki 3.77 411 0.844
Distanceto Moving Water (km) 9.23 7.45 0.621
Distance to Urbanization (km) 2.93 3.06 0.939
Distance to Wetlands (km) 6.45 11.14 0.329
Length of Stay (days) 55.56 32.45 0.170
Mode
A Aspect East Northwest 0.694
t SI NB 2y N-S Aspect South South 0.714
EW Aspect East West 0.280
Deciduous Forest, Deciduous
Land Cover Pasture/Hay Forest 0.365
Season Winter Fall 0.078
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Table2. Comparison of habitat and mortality sitelo physical variablearied significantly

betweersites.
Mean
Variable Habitat Mortality Site p-value
Elevation (m) 199 230 0.515
E‘t‘izfe”de”t Slope (degrees) 0.74 1.27 0.260
Distance to Agriculture (km) 0.47 1.11 0.152
Distance to Natural Grasslan
(km) 3.96 5.35 0.385
Distance to Moving Water
(km) 8.25 3.20 0.013
Distance to Urbanization (km 3.00 2.00 0.281
Distance to Wetlands (km) 9.03 14.01 0.251
Mode
North, Northwest,
t St N& 2 y| Aspect East Southeast 0.274
N-S Aspect South North 0.226
EW Aspect East, West West 0.829
Deciduous
Land Cover Forest Deciduous Forest 0.447

Table 3.Physical variable interactiondNo significant interactions occurred, so all variables
remained in the analyses.

Urbanization Wetlands

Distance to Distance to Distance to Distance to Distance to
Agriculture Grasslands Streams

Elevation Slope

Distance to
Agriculture
Distance to
Grasslands
Distance to
Streams
Distance to
Urbanization
Distance to
Wetlands
Elevation

Slope

1.000

0.336 1.000

-0.348 -0.007 1.000

-0.078 0.150 0.355 1.000

0.591 0.245 -0.090 -0.134 1.000
0.220 0.047 0.220 -0.281 0.616
0.470 0.238 -0.207 -0.152 0.832

1.000
0.481 1.000
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Table 4 Physical habitatGLM inputs.The best fit physical habitat GLkad anAIC of 323.85
and only one statistically significant variable.

Factor Estimate Standard Error t-value Pr (>|t])
Intercept 39.051 10.377 3.763 0.001
Distance to Streams 0.001 0.001 1.491 0.146
Elevation -0.099 0.040 -2.487 0.019
AIC Value 323.85

Table 5.Comparison of climatigariables andhabitatsuccessNo significant differences in

climatic variables were found between owls that survived and did not survive the study.

Mean
Variable Successfu Unsuccessfu| p-value
AnnualTemperature RangéC) 33.111 34.773 0.214
Isothermality 38.667 37.364| 0.546
Mean Annual Precipitatiomm) 125.467 121.009| 0.653
Mean Annual TemperaturéC) 15.389 13.082 0.215
Maximum Precipitatiorfmm) 13.533 13.264 0.821
Maximum TemperaturéC) 31.556 30.318 0.237
Mean Diurnal RanggC) 12.822 13.045 0.534
Minimum Precipitation(mm) 6.944 6.909 0.937
Minimum TemperaturéC) -4.455 -1.556 0.210
Seasonality 7.401 7.905 0.304
Winter Precipitationlmm) 30.844 28.582 0.595

Table 6Comparison otlimaticand mortalities Isothermality, seasonalitynean annual

precipitation, mean diurnal rangend winter precipitation would haween significanat p=0.1.

Mean

Variable Habitat Mortality | p-value

Annual Temperature Rang€) 34.025| 35.446 0.141
Isothermality 37.950| 34.692 0.057
Mean Annual Precipitatiofmm) | 123.015| 108.569 0.066
Mean Annual TemperaturgC) 10.712 15.994| <0.001
Maximum Precipitatiorfmm) 13.385 12.185 0.276
Maximum Temperaturg¢C) 30.875| 29.746 0.130
Mean Diurnal Ranggl) 12.945 12.385 0.081
Minimum Precipitation(mm) 6.925 6.346 0.169
Minimum TemperaturgC) -3.150 -5.700 0.128
Seasonality 7.678 8.335 0.078
Winter Precipitation(mm) 29.600( 23.562 0.059
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Table 7.Climatic range GLM inputsThebest fit climatic GLM had an AIC of 310.21, which
was only marginally better than the physical habitat GLM

Factor Estimate Standard Error t-value Pr (>|t])
Intercept 33.367 275.973 0.121 0.905
Annual Range in Temperaturg 133.646 30.901 4.325 <0.001
Maximum Temperature 7.877 5.759 1.368 0.182
Mean Diurnal Range -126.667 27.693 -4.574 <0.001
Seasonality -410.42 91.308 -4.495 <0.001
AIC Value 310.21

Table8. Comparison of physical habitat variables seasonallige high number of significantly
different variables implies thainde different climatic condition®arn owl preferences vary.

Mean
Variable Fall Winter p-value
Elevation (m) 306.55 67.67| <0.001
Slope (degrees) 1.12 0.27 0.011
Distance to Agriculturém) 0.51 0.41 0.718
Distance to Natural Grassland
(km) 2.32 5.95 0.040
Distance to Moving Water (km) 8.74 7.65 0.763
Distance to Urbanization (km) 1.40 4.95 0.053
Independent t | Distance to Wetlands (km) 14.47 2.37 0.008
test Length of Stay (days) 30.27 58.22 0.095
Mode
Northeast,
Aspect Northwest East 0.388
N-S Aspect South South 0.714
EW Aspect West West 0.516
t SI NA 2y ¢ Land Cover Deciduous Forest Pasture/Hay 0.002
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Table 9.Potential habitat GLMnputs The allinclusive GLM hal the overall lowest AIC value
at 30.719.

Factor Class Estimate  Standard Error t-value Pr (>[t])
Intercept -43.840 18.58) -2.359 0.035
Annual Temperature Range -1.259 0.632 1.990 0.068
Distance to Grasslands -0.00004 0.00003 -2.515 0.026
Distance toWater 0.00004 -0.00003 1.624 0.128
Distance to Wetlands 0.00006 0.00002 3.193 0.007
Elevation 0.011 0.005 2110 0.049
Mean Annual Precipitation 0.161 0.007 2.435 0.00
Mean Annual Temperature -1.641 1.149 -1.427 0.177
Maximum Temperature 3.100 1.375 2.255 0.042
Minimum Precipitation -1.109 0.290 -3.80 0.002
Seasonality 1.169 0.921 1.270 0.226
Slope -0.307 0.144  -2.133 0.053
Winter Precipitation -0.245 0.125 -1.963 0.071
Land Cover Coniferous Forest -1.120 0.722  -1.551 0.145
DevelopedOpen
Space -0.290 0.324  -0.896 0.387
Deciduous Forest -0.646 0.282 -2.294 0.039
Open Water -0.774 0.500 -1.547 0.146
Pasture Crops -1.899 6.641 -2.962 0.011
Woody Wetlands -2.110 0.780 -2.705 0.018
AIC Value 30.72
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Projection: Albers Equal Area
MNorth American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

Figure 1. Area ofinterestt Ther e was | ittle consistency in indi)\
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Figure2. Home RangesThe average home rang radius was apprately 10.1kmspanning
320knf.
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Envelope Model:
Physical Habitat

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

Figure 3.Envelope model physical habita®otentially, 35.5 percemf land cover within the

study owlsé ranges could serve as barn owl habit
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GLM: Physical
Habitat

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner

Duke University, 227/2010

IKilometers: | suitable Haitat

Figure 4.GLM physical habitat. GLM estimate 80.4 percentf the study areaould be within
the climatic range
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Figure 5.Physical habitat CART inputAll decisions werenade based on numbers within or

nearly within the average home range radius
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CART Model:
Physical Habitat

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

Figure 6.CART physicahabitat Overhalf, 61.7 percendf the eastern United States could serve
as barn owl habitat.
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Envelope
Model

Projection: Albers Equal Area

North American Datum 1983

Prepared by: Alicia Burtner
207/2010

Figure7. Pennsylvania envelope modélotentially,11.3percentof Pennsylvania could
physically serve aabitat (yellow), 10.@ercents within the climatic range (blue), and 4.2
percenis both physically and climatically suitable (green).

GLM

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke Universty, 227/2010

Figure 8.Pennsylvania GLMThe physical factors, climatifactors, and all factors GLMs
estimated4.3percent(40,290km), 45.3percent(53,172km2), and 64 8erceni(76,132km2) of
Pennsylvania within the usable range of barn o@laly 12.6percent(14,790km) of
Pennsylvania was not considered habitat uadgrof the three GLMsand 9.5ercent
(10,354km) was in all GLMs.
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CART
Model

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

Figure 9.Pennsylvania CARTCART estimateds2.9perceni(73,757km), 74.7percent
(87,582km), and 51.9ercent(60,880km) of Pennsylvanias viable when using physical
variables on}, climatic variable®nly, and both, respectively. These models all overlapped on
41.6percenf( 48, 824km2) of Pennsylvaniabs area.
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Envelope Model:
Climatic Range

Projection: Albers Equal Area
North American Datum 1983

Prepared by: Alicia Burtner
Duke University, 227/2010

Figure 10. Envelope model climatic rang&apped envelope ranges estimadédb perceniof
the study are#o bewithin the climatic range.
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GLM: Climatic
Range

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner

Duke University, 227/2010

Figure 11.GLM climaticrange GLM of climatic variableencompasses 76.7 percefthe
eastern United States.

| suitable Hahitat
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CART Model:
Climatic Range

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

Figure 12. CART climatic range CART model of climatic ranges divides the eastern U.S. in
two, though it stillestimated 74.7 percent of the area of interest
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Winter Precipitaton
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Figure B. Climatic range CART inputThe classification and regression tree of climatic

variables found winter precipitation to be the most telling climatic variable.
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Figure M. Seasonal habitalevation. Barnowls spent winters at lower elevations than fall.
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Figure B. Seasonal habitat slopdBarn owlsused generallflat terrain,particularlyduring
winter months.
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Figure B. Seasonal Distance to Grassland3arn owlsusenatural grasslandessduring winter

months.
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Figure I7. Seasonal distance to wetland3arn owls stagd significantly closer to wetlands

while overwintering.
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Envelope
Model

Projection: Albers Equal Area
North American Daturn 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

Figure B. Envelope model existing habita@nly 19.3percentof the study remained viable after
combining physical and climatic envelope models.
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GLM: Physical
Habitat

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner

Duke University, 227/2010

|Kilometers
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Figure ®. GLM existing habitat.lnnumerable small patches of viable habitat comprise 52.0
percenbf the Bndscape, according to the GL§lving the appearance of awctedness.
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Figure20. Existing habitat CART inpuT.he CART primary decision for all possible habitat,
physical and climatic, was winter precipitation. Most factors were climatic rather than physical
though.
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CART
Model

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

Figure 21 CART existing habitatLarge, cohesive patches of habitat take up 56.8 percent of the
landscape.
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Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/20

Figure 22 Pennsylvania model frequenciireas near the release sites appeared in most modeled
habitat. Southeastern Pennsylvania also frequented predictions despitenoastindy owls
disperse there.
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APPENDIX A: Physical Habitat Variables

Land
Cover

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010




Elevation

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010

|Kilorneters
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Slope

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 2272010

[Kilometers
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Aspect

Projection: Albers Equal Area
Maorth American Datum 1983
Prepared by: Alicia Burtner
Duke University, 2272010
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Distance to
Agriculture

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010
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Distance to
Wetlands

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 227/2010
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Distance to
Moving Water

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 2/27/2010
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Distance to
Grasslands

Projection: Albers Equal Area
North American Datum 1983
Prepared by: Alicia Burtner
Duke University, 2/27/2010
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APPENDIX B: Climatic Range Variables
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