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Preservinglargepredatorsisimportantbutchallengingbecausethesespeciesaretypicallywide-ranging,
selectmultiple habitats at different scales and often present spatial or habitat separation between the
breederandfloatersectorsofapopulation.Inaddition,mostofourknowledgeonraptorfloaters’habitat
requirementscomesfromlargesolitaryspecies,whosefloatersoftenoccupytemporarysettlementareas
spatiallyseparatefrombreedinglocations.Here,weexaminespaceandhabitatusebyalooselycolonial,
wetland-dependentraptor,theBlackkite( Milvusmigrans ),inapopulationwhere floaters co-existwith
territory holders, enabling a direct comparison of their habitat preferences. The study was conducted
in Doflana National Park (South-Western Spain), a seasonally drying marshland currently surrounded
by intensive agriculture and rice-fields. Intensive radio-tracking revealed that breeders and floaters
selected and avoided the same habitats despite a radical, four-to-eight fold difference in their home-
range dimensions: all kites over-selected open habitats suitable for their aerial foraging modes and
avoidedwoodlandandfarmland.Theseresultssuggestacontinuumofraptorpopulationstructuresrang-
ingfromsolitary species whosefloaters select differenthabitatsthanbreedersand are concentratedin
spatiallyseparatesettlementareas,tocolonialand semi-social specieswhosefloatersfully coexistwith
breederswithsharedhabitatpreferences.Bothextremesofthiscontinuumwillposechallengesforcon-
servationmanagement.Insolitary species, special conservation efforts may berequired toidentifyand
managetemporarysettlementareas,whileingregariousspecies,thelargerrangesoffloatersmayexpose
themtodifferentthreatsthanbreeders,whoseoccurrenceand consequences maybesubtletoidentify.

1.Introduction

Preservingand managinglarge vertebrate predatorsisbecom-
ingincreasinglyimportantasawaytomaintainhighlevelsofbio-
diversity (Estes et al., 2011), but poses special challenges for
several reasons. First, these species are characterised by large
home-ranges, which cannot be easily encompassed within pro-
tected areas (e.g. Newton, 1979; Clark et al., 1999; Ray et al.,
2005).Second, they frequently select habitat features at multiple
scales,fromthemicro-scaletothelandscape-level(Sanchez-Zapata
andCalvo,1999; ThompsonandMcGarigal,2002; Ciarnielloetal.,

2007), which requires broad-level management plans (e.g.

Whitfield etal.,2006a). Third, they may use different habitats at
different times of the year (Boal et al., 2005; Schmitz et al.,
2010).Finally, the populations of large predatory vertebrates are
frequentlycomposedofasectorofterritorial breeders, oftencon-
centratedinresource-richsites,andasectorofnon-breedingindi-
viduals, frequently located far away from the breeding grounds
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(e.g.DavidSmith,1993;FerrerandHarte,1997;CrabtreeandShel-
don, 1999;Balbontin,2005).Thelatteraddscomplexitytostrate-
gic management targeting long-term population persistence,
especially because non-breeding animals are difficult to study
duetotheircrypticbehaviour,differentialhabitatselection,spatial
separationfrombreeders,orpotentiallong-distancedispersal(e.g.
ZackandStutchbury,1992;Rohner,1997; Whitfieldetal.,2009a;
Penterianietal.,2011).Asaresult,thereislittleknowledgeonthe
differencesinhabitatchoicesbetweenthebreedersandfloatersof
apopulation,andconservationplanningisoftenbiasedtoprotect
the habitats preferred by the breeding sector of predator popula-
tions (e.g. Real and Mafiosa, 1996; Whitfield et al., 2006a). Also,
mostofthe(scarce)availableknowledgeisheavilybiasedtowards
largespeciesofsolitarybirdsof prey,whosefloatersaretypically
concentrated in so-called “temporary settlement areas”, where
they select different habitats than breeders (Ferrer and Harte,
1997; Balbontin,2005; Caroetal.,2011; Penterianietal.,2011).
Asaresult, littleisknownof smallerspecies withdifferentsocial
systems,suchascolonialorloosely colonial species.
Becauseofalltheabove,thereisahighneedforfurthermulti-
scalehabitatselectionstudiesonbothbreedingandnon-breeding
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individuals of predatory vertebrates, particularly of gregarious or
semi-gregariousspecies.Hereweprovidesuchastudybyexamin-
ingthespaceandhabitatrequirementsofthebreedersandfloaters
ofasemi-socialraptor,theBlackkite(  Milvusmigrans ).Inparticu-
lar, we use data from a 3-year radio-tracking study on the Black
kite population of Dofiana National Park (South-Western Spain),
oneofthemostrenownedandbiodiversity-richreservesofEurope.

Ourstudysystemisagoodmodelforthegoalspresentedabove
duetoseveralreasons.(1)TheBlackkiteisasemi-gregariousrap-
tor,whichinDofianamainlybreedsinloosecolonies(Sergioetal.,
2005).(2)Inthis population, floaters coexist with breeders (Blas
etal.,2009; Sergio et al.,2009, 2011a). This allows the study of
habitat selection by the two status categories while controlling
fordifferencesinhabitatavailability,avoidingtheproblemofcom-
paring the decisions by groups of individuals occupying separate
areas characterised by different landscapes. (3) Dofiana National
Park is an island of semi-natural vegetation subject to dynamic
habitatmanagementand transformation.Outsidethe park,drain-
ageoftheseasonalmarshesinthesecondhalfofthe20thcentury
has generated a matrix of intensive farmland, dominated by rice
fieldstothenorth-east,whosesuitabilityforwildlifespeciesislar-
gelyunknown.Insidetheprotectedarea,allhabitatsaretradition-
ally actively managed (e.g. Fernandez-Delgado, 2005). For
example,largepatchesofforesthavebeenrecentlythinnedorre-
moved, whilethe hydrology ofthe seasonal marshes thatcharac-
terisethe parkissubjectedtoarecentlyimplementedlarge-scale
restoration program (Project “Dofiana 2005”: Garcia Novo and
Marin Cabrera,2005a), whichincluded the restoration of various
sites totalling more than 50km 2 of seasonal marshland which
had been originally converted to agriculture (Garcia Novo and
Marin Cabrera, 2005b; Santamaria et al., 2005; Martin-Lépez
etal.,2011).Theabovedescribedhabitatchangesandactiveman-
agementinsideandoutsidetheparkcallformoresolidknowledge
ofthehabitatpreferencesofkeyspeciessuchasBlackkites,which
arethemostabundantlarge predatorsinthe parkand whichde-
pendheavilyonwoodland fornestingand marshland for hunting
(Sergio et al., 2011b). Understanding habitat preferences of key
indicatorspeciescouldbe fundamentaltoforecastfutureimpacts
of habitat management and to implement more efficient post-
interventionmonitoring.

Givenalltheabove,herewe:(1)examinethehomerangeand
habitat selection of kites of different sex and status (breedersvs.
floaters)and (2) propose potential management guidelines based
ontheobtainedresults.

2.Methods
2.1.Studyspecies

TheBlackkiteisamedium-sized,monogamous,migratoryrap-
tor.Itisanopportunistic,aerial predatortypical of open habitats
(Vifiuela and Sunyer, 1992; Blanco and Vifiuela, 2004), adept at
exploiting temporary situations of overabundance of relatively
easyprey(Hiraldoetal., 1990).Inourstudypopulation,allindivid-
ualsare migratory and remainin Dofiana from March to August,
where they mostly breed as monogamous pairs (Sergio et al.,
2007). The local breeding density can be very high (from 1 to
30pairs/km 2,Sergioetal.,2005,2011b; authors’ unpublishedre-
sults) and most pairs could be considered to nest within a very
large, loose colony. Diet composition is very heterogeneous and
dominated by wetland birds and their nestlings, crayfish, rabbits
(Oryctolagus cuniculus ) and carrion (Hiraldo et al., 1990; Vifiuela
and Veiga, 1997). Floaters are generally young birds (1-7years
old, Blas et al., 2009) physiologically capable of reproducing but
apparentlydisplacedfromthebreedingsitesbyolder,moredom-

inantconspecifics(Sergioetal.,2009;BlasandHiraldo,2010;Blas
etal.,2011).Sexualroledivisionduringreproduction follows the
usualschemeforraptors(Newton,1979): themaleprovidesmost
ofthepreyforthefemaleandoffspringwhilethefemaleperforms
mostoftheincubation,broodingandnestguarding.

2.2.Studyarea

The study was conducted in Dofiana National Park, located
within the estuary of the Guadalquivir river, along the coast of
the Atlantic Ocean in South-Western Spain (6°12'-6°40'W,
36°48'-37°20'N). The five main macro-habitats observed in the
parkinclude:(1)seasonallydrying marshland (hereafter “marsh-
land”), (2) Mediterranean scrubland or grassland with scattered
corkoaks( Quercussuber )(hereafterdehesa”),(3)extensivescrub-
land onsandy soil (hereafter "scrubland’), a mixture of different
degradation stages of autochthonous Mediterranean scrubland
(Castroviejo,1993),includingpatchesdominatedby  Pistacialentis-
cus and Myrtuscommunis orby Halimium halimifolium , Ulex spp.,
Stauracanthus genistoides and Erica spp.; (4) mobile sand dunes
alongtheoceancoast,and(5)extensiveforestsofstonepine Pinus
pinea andsmallerwoodlotsdominatedbyCorkoaksor Eucalyptus
spp. trees (Castroviejo, 1993). A mosaic of intensively cultivated
landsandricefieldssurroundsthepark.

2.3.Fieldmethods

Between2007 and2009wetrapped 38 Blackkitesbycannon-
netting(Fig.1)andequipped themwithaconventionalbackpack
transmitter (TW-3 of 15g; life expectancy=1.4years; Biotrack
Ltd.,WarehamDorset,UK),whichwasfittedwithaTeflonharness
(Kenward, 2001). The sex, status and sampling period of tracked
kitesarespecifiedinTable1.Kitesweremonitoredevery3-4days
and all locations, obtained by triangulation, were GIS mapped
through the software ArcView 3.2 (ArcView GIS, Redlands, CA,
USA).Ineachtrackingday,allmarkedkitesweresearchedsimul-
taneously while driving along a network of paved and dirt roads
coveringtheentireparkanditssurroundings,thussamplingareas
bothcloseandfarfromnestconcentrations.Also,thestartingpoint
and sequence of survey roads were varied each time, in order to
avoidbiasingthetrackingdatatowardscertainareas(e.g.towards
nestconcentrations).Usinganareaaccumulationcurve,wefound
that locations sampling saturation was reached for an average
threshold of 40 fixes per individual and all individuals were
radio-located morethan40times.

Radio-tracking and the intensive demographic monitoring of
the breeding and non-breeding sectors of the population (Sergio
etal.,2009,2011a)allowed us to determine the breeding status
ofallradio-taggedindividuals.Theseincluded 12 breeding males,
12breedingfemalesand14floaters(eightmalesandsixfemales).
Breeders were defined as individuals holding a territory with a
partnerandbuildinganest.Alltrappedbirdsweresexedbymolec-
ularanalysisofabloodsample(Ellegren,1996).

2.4.GISandstatisticalanalysis

Foreachkite,weestimatedthehomerangesizeandconfigura-
tionthroughthefollowingthreeindices:(1)theMinimumConvex
Polygon(MCP),(2)theKernelDensityEstimator(KDE)at95%,75%
and50%contours,calculatedwithaleast-squarescross-validation
(LSCV) procedure and a smoothing factor (Seaman and Powell,
1996)and(3)themeandistanceofallfixesfromthehome-range
centroid(hereafter“distancetocentroid”),calculated throughthe
AnimalMovementextensionfor ArcView (Hooge and Eichenlaub,
2000).However,toavoidreportingredundantresults,fortheanal-
yses of habitat selection we only show the models based on the
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Fig.1. Maintrappingsites(circles)andareasofconcentrationofBlackkitenests(ingrey)aroundtheseasonalfloodedmarshlandofDoflanaNationalPark(South-Western
Spain)anditssurroundings.Theareashighlightedingreyincludemorethan90%ofthenestsusedbyBlackkitesinanygivenyear.Theotherpairsbreedinsingle,isolated
nestsorinloose coloniesof2-3 nests scattered around the rest of the landscape. The continuouslinerepresents the border of the cumulated National and Natural Park

(marineportionexcluded),whoselocationinEuropeisportrayedintheinset.

Minimum Convex Polygon. Models based on Kernel estimators
gavethesameresults(resultsofanalysisnotshown).

Habitat composition was evaluated by accessing a 1:10000
land-use map provided by the LAST-EBD group (http://last-ebd.
blogspot.com/). Based on such map, land-uses were initially
classified according to the categories listed in Table 2. However,
to reduce the high frequency of zero values obtained for several
infrequentlyusedhabitattypes(Aebischeretal.,1993),wepooled
theinitialhabitatsintofivecoarser-levelmacro-habitatsjudgedas
potentiallyimportantforkitesonthebasisofaccumulatedknowl-
edge onthe population nestingand foraging behaviour: seasonal
marshland,scrubland,dehesa,intensivefarmland,and woodland.

Togainanunderstandingofkiterangingbehaviourandhabitat
selection,wefocusedouranalysesonthreeaspects:(1)thespatial
extent and configuration of the home range (hereafter “home
range analysis”); (2) the habitat composition of a whole home
range and its comparison with local availability (hereafter “lar-
ger-scale habitat selection”); (3) the habitat composition around
eachindividualradio-locationanditscomparisonwithlocalavail-
ability (hereafter“finer-scalehabitatselection”).Thefirstanalysis
focusesonthespatialrequirementsofdifferenttypesofindividu-
als(malesvs.females,breedersvs.floaters),thesecondonthehab-
itat-based selection of whole home ranges, and the third on the
finer-scaleselectionofhabitatswithinahome-range.

For the home range analysis, we used one way ANOVA
(Lehmann and Romano, 2005) to compare the home range size
anddistancetocentroidamongbreedingmales,breedingfemales
and floaters. For larger-scale habitat selection, we used a logistic
regression (GLM with binomial errors; Zuur et al., 2009) to test

which combination of habitat variables discriminated between
the 38 kite home ranges and 38 randomly-plotted home ranges
of the same shape. The latter were generated by the following
three-step procedure: (1) we plotted the centroid of all 38 kites
homeranges;(2)anequalnumberofrandompointswasgenerated
through the Animal Movement extension of the GIS software
(Hooge and Eichenlaub, 2000); (3) each kite home range was
shiftedsothatitscentroidwouldnowcoincidewithoneoftheran-
domlyplottedcentroids.Thisgenerated38randomlyplottedhome
rangesthatmaintained thesameshapeoftheoriginallyobserved
ranges, allowing us to study habitat selection while controlling
forhomerangesize.
Finally,toinvestigatefiner-scalehabitatselection,we:(1)plot-
teda100-mbufferaroundeachkitelocation( n=1980locations)
andanequalnumberofrandomly generatedlocations;(2)calcu-
lated the percentage habitat extent in each buffer using the Arc-

View extension Patch Analyst (Elkie et al., 1999); and (3)

comparedthehabitatcompositionaroundkitesandrandomloca-
tions by means of linear mixed models (LMM ) where individual
kiteidentitywasfittedasarandomfactor(Zuuretal.,2009).The
measure of 100m for the buffer was arbitrarily chosen because
kitesareaerialhuntersthatpatrollargeareaswhiletypicallysoar-
ingandglidingataminimumaltitudeof20-30m,thusscanninga
landscapeportionratherthanasinglepoint.
Inallmodels,weaddedYearasacovariatetocontrolforannual
variationsinrangingbehaviour.Althoughweareawarethatraptor
homerangescanvaryseasonally(e.g.Newton,1979; Boschetal.,
2010),samplesizelimitationsprecludedthepossibilitytoexamine
seasonal (within-year) variations. To reduce such confounding
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Table1
Sex,status(breedervs.floater)andsamplingperiodof38adultBlackkitesradio-trackedinDofianaNationalPark(South-WesternSpain).Allindividualswere
stillalivewhentheradio-signal waslostthroughbattery exhaustion.

Individuals Yearmonitored Sex Status Trackingperiod Numberoflocations
M1-B 2007 Male Breeder 2May-29]uly 47
M2-B 2007 Male Breeder 11May-23]July 69
M3-B 2007 Male Breeder 19April-26July 50
M4-B 2007 Male Breeder 20April-16]July 48
F1-B 2007 Female Breeder 24 April-10]July 57
F2-B 2007 Female Breeder 13May-19]uly 53
F3-B 2007 Female Breeder 25April-27]uly 67
M5-F 2007 Male Floater 02May-23]July 73
M6-F 2007 Male Floater 21April-26]uly 55
M7-F 2007 Male Floater 30April-29]July 53
F4-F 2007 Female Floater 29April-23]July 60
F5-F 2007 Female Floater 30April-27]uly 46
F6-F 2007 Female Floater 30April-26]July 51
F7-F 2007 Female Floater 24April-21]July 73
MS8-B 2008 Male Breeder 17 April-25]July 58
M9-B 2008 Male Breeder 13March-25]uly 51
M10-B 2008 Male Breeder 28March-25]uly 37
M11-B 2008 Male Breeder 15March-27]June 45
M12-B 2008 Male Breeder 15]June-26]uly 40
F8-B 2008 Female Breeder 26March-27]June 80
F9-B 2008 Female Breeder 17 April-27]July 59
F10-B 2008 Female Breeder 26March-27]June 57
F11-B 2008 Female Breeder 26March-02June 45
F12-B 2008 Female Breeder 17 April-28]July 57
F13-B 2008 Female Breeder 24 April-28]uly 63
F14-B 2008 Female Breeder 24 April-28]July 60
M13-F 2008 Male Floater 13April-28]July 53
M14-F 2008 Male Floater 15April-27]July 43
M15-F 2008 Male Floater 28March-23]uly 38
M16-B 2009 Male Breeder 18March-22]July 52
M17-B 2009 Male Breeder 21April-15]July 44
M18-B 2009 Male Breeder 20March-21]uly 55
F15-B 2009 Female Breeder 7 April-15]July 45
F16-B 2009 Female Breeder 21March-05]June 41
M19-F 2009 Male Floater 21March-23]July 43
M20-F 2009 Male Floater 7 April-21]July 47
F17-F 2009 Female Floater 8April-06]July 41
F18-F 2009 Female Floater 6April-21July 66
Table2 etal.,2009).Inthismethod, pairsofstronglyintercorrelatedvari-
Environmental variables measured for the home ranges of 38 Black kites and 38 ables( r >0.6)wereconsideredasestimatesofasingleunderlying

randomlygeneratedhomeranges.Variableswerelaterpooledintoasmallernumber

ofdescriptorsused foranalysis(see Methods). factor.Onlyoneofthetwoisretainedforanalysis,usuallytheone

likelytobeperceivedasmoreimportantbythestudyorganism.Of

Variable Description theremainingvariables,onlythoseforwhichsignificantunivariate
%Water %Extentofwaterbodiesexcludingtheseasonalmarshland differences ( p <0.05) were detected between real and random
%Ricepounds ?EXte“m?ice fields . locations were included in multivariate analyses. When building
%Farmland %Extentofintensively managedfarmland GLMsandLMMs,allexplanatoryvariableswerefitted toa(maxi-
%Dumps %Areaoccupied by rubbishdumps . X

%Dunes %Extentofmobilesand dunes mal) model, extracted one at a time from such maximal model
%Marshland %Seasonallydryingmarshland andtheassociated changeinmodeldevianceassessedbyalikeli-
%Dehesa %Grasslandorscrublandwithscatteredoaktrees hoodratiotest(Zuuretal.,2009).Ateachstep,wealsocalculated
%Scrubland %Mediterraneanscrubland(matorral)

the AICc (Akaike Information Criterion adjusted for small sample

;Egﬁgﬁi jgﬁggiggplgfmﬁzs woodlandpatches size)and considered as the final model the one with the lowest
forest AlCc value (Burnham and Anderson, 2002). All statistics were
%0akwood %Extentofpatchesofcorkoakwoodland implemented with the software R 2.9.2. (R Development Core
forest o Team,2009)and all GLMs and LMMs were built through the glm
*Woodland é’ix;le nttzzt?;:é::mdlandexcmdmgp ine,corkoakand and Ime functionsofthelibrary(nlme).Beforeanalysis,allpropor-
%Greenhouses %Extgstofstrawbe"ygreenhouses tionsofland covertypeswerearcsinesquareroottransformedto
%Urbanareas %Extentofurbanareas conformtoanormaldistribution. Allmeansaregivenz1SE, tests

aretwo-tailedandstatisticalsignificancewassetat p < 0.05.

factor,individualsofallageandsexcategoriesweretrackedsimul- 3.Results

taneously (Table 1). We assume that such temporal overlap pre-

vented biases associated with seasonal changes in habitat 3.1.Homerangeanalysis
selection.Toreduce collinearityand thenumberofvariables pre-

sented tomultivariate models, we employed the method of vari- Themeanhomerangesizeforthepooledsampleofindividuals
able reduction proposed by Green (1979) and commonly was153.3228.6km 2 (MCP;range=7.6-688.4km 2, n =38).Forall
employedinhabitatselectionstudies(e.g.Sergioetal.,2003;Zuur methodsofestimation,homerangesizevariedamongindividuals



Table3

Meanestimatesofhomerangesizeformaleandfemale,breedingandfloatingBlackkitesinDoflanaNational Park(South-WesternSpain).Allrangesaremeasuredinkm 2 and
distancesinmetres.
Breedingmales(range) Breedingfemales(range) Floaters® (range) P p
Minimum ConvexPolygon 80.0+13.9(23.4-164.5) 43.3+11.6(7.6-151.5) 310.2+£54.9(104.8-688.4) 31.2 0.001
Kernel50% 5.5+1.0(1.1-11.7) 2.740.6(0.7-9.2) 28.2+7.4(8.1-107.2) 35.1 0.001
Kernel 75% 13.442.9(2.3-33.6) 6.0£1.6(1.7-21.7) 83.0£21.7(20.1-326.0) 40.7 0.001
Kernel95% 51.8+11.7(6.9-136.7) 17.924.2(5.0-58.0) 257.0£58.6(72.6-762.0) 39.8 0.001
Distancetocentroid 2751.3+332.5(1209.0-4376.0) 1531.34225.1(633.4-3278.5) 5738.8+554.7(3736.0-10715.5) 35.5 0.001
2 Includesbothmalesandfemales: thesamplesizewastoosmall fortestingsexual differencesinfloaters.
b F-statisticfromaoneway ANOVA.
of different sex and status: ranges were consistently largest for Tables
floaters,smallestforbreedingfemalesandintermediateforbreed- Generalised linear models (with binomial errors and a logit link function) discrim-
ingmales(Duncan’sposthoctest, p <0.05;Table3).Onaverage, inatingbetween the 100mbuffersaround thelocations ofradio-tracked Blackkites
floaterrangeswere4-8timeslargerthanthoseofbreeders.Simi- andanequalnumberofrandomly generatedlocations.Modelswerebuiltseparately
larly, themeandistanceofall theradio-locations of anindividual for: Ea) 12 brgedmgmales,(b) 12 breedlngft?males,(c)14non-breedmgmdlwduals
. . . . (DofianaNational Park,south-westernSpain).Inthetable, nreferstothenumberof
fromthecentroidofitsrangewaslargestforfloaters,intermediate radio-locations.
for breeding males and shortest for breeding females (Duncan'’s -
posthoctest, p <0.05; Table3). Parameterestimate+SE t-Value p-Value
(a)Male’susedvs.randomlocations(n=1108)
3.2.Largerscalehabitatselection:wholehomerangelevel Marshland® 0.2220.07 -332 0.0009
& 8 Dehesa® 0.24+0.07 -3.60 0.0003
) Scrubland? 0.22+0.07 -333 0.0009
Comparedtorandomhomeranges,thoseofbreedingmaleshad Woodland? ~0.130.07 1.95 0.0509
largeramountsofdehesaandmarshland,andalowerincidenceof Farmland® —0.24£0.07 3.52 0.0004
farmland,whilethoseofbreedingfemaleshadmorescrublandand Intercept -0.69:0.10 6.87 <0.001
less cultivation(Table4).Finally, floaterranges had more marsh- (b)Female’susedvs.randomlocations(n=1320)
a
landandscrublandthanrandomranges(Table4). Marshland 0.24:0.03 -8.71 0.0405
Dehesa® 0.33+0.03 -10.59 0.0015
. . . . Scrubland? 0.31+0.03 ~-10.75 0.0038
3.3.Finerscale habitatselection:individuallocations Farmland? —0.15+0.03 475 0.0041
Intercept —0.80+0.04 20.94 <0.001
Similar results were obtained when focusing on the habitat (c)Floater'susedvs.randomlocations(n=1532)
compositioninthe 100mbuffersaround eachlocation(Table5). Marshland® 0.30£0.02 -12.67 <0.001
Comparedtorandomlocations,breedingmalespositivelyselected Dehesa 0.07£0.03 -213 0.0264
. g Scrubland? 0.26+0.03 -9.29 <0.001
the marshland, dehesa and scrubland, while avoiding woodland Farmiand® _0.1340.02 537 0.0475
and farmland (Fig. 2). Breeding females avoided cultivated fields Intercept 0664003 19.97 <0.001

andpositivelyselectedthemarshland,dehesaandscrubland,while
floaters positively selected the marshland, dehesaand scrubland,
whileavoidingfarmland(Fig.2).

Table4

Generalised linear models (with binomial errors and a logit link function) discrim-
inatingbetweenthehomerangesoccupiedbyradio-trackedBlackkitesandanequal
number of randomly generated ranges. Models were built separately for: (a) 12
breeding males, (b) 12 breeding females, (c) 14 non-breeding individuals (Dofiana
National Park,south-westernSpain).

Mostcompetitivemodel Parameterestimate+SE t-Value p-Value
(a)Male’soccupiedrangevs.randomrange(n=24) b

Marshland?® 5.64+3.67 29.32 0.047
Dehesa® 18.55+9.85 22.29 0.008
Farmland?® —18.02+11.02 17.22 0.024
Intercept 9.73+5.49
(b)Female’soccupiedrangevs.randomrange(n=24) b

Marshland?® 1.1843.04 33.22 0.825"
Dehesa® 2.69£3.35 21.95 0.050
Scrubland?® 6.57+3.86 25.78 0.006
Farmland?® —10.6316.04 1717 0.029
Intercept 4.52+3.96
(c)Floater’soccupiedrangevs.randomrange(n=28) ¢

Marshland?® 18.32+8.59 27.98 0.001
Scrubland?® 21.90+10.07 11.90 <0.001
Intercept 18.32+7.98 38.82

2 Proportionofeachhabitatinahomerange(arcsinsquare-roottransformedfor
analysis).

b Includes the home ranges of 12 breeders and their 12 associated random
ranges.

¢ Includesthehomerangesof14floatersandtheir14associatedrandomranges.
" Includedinthemodel withthelowestAlCcvalue.

@ Proportion of each habitat in a 100m buffer around each location (arcsin
square-roottransformedforanalysis).

4.Discussion

Duringthefirstfewyearsoflife,thefloatersofsolitaryraptors,
suchasmanyeagles,oftenliveinsocalled temporarysettlement
areas, which can be spatially separate and often far away from
breeding areas (e.g. Ferrer, 1993; Balbontin, 2005; Caro et al.,
2011).Asaconsequence,identifyingandprotectingsuitablesettle-
mentareasrequiresmajorstudyeffortsandcanbeextremelychal-
lenging(Penterianietal.,2005).Contrarytothispattern,ourstudy
focusedonasemi-gregariousspeciesinwhichfloaters,whichwere
mainly young individuals in their initial 1-7years of life (Blas
etal.,2009;BlasandHiraldo,2010),closely co-existed withterri-
tory holders. Itis difficult to say whether such radical difference
amongstudies wasexclusively caused by the social propensity of
ourspecies,butitwouldbeextremelyinterestingtotestwhether
thesamepatternisfoundinotherspeciesofbothgroups(i.e.sol-
itarilybreedingvs.colonialorlooselycolonialspecies)andinother
bio-geographicregions.Independentlyoftheircause,theseresults
complete and extend our knowledge on the habitat and space
requirementsofraptorfloaters,uptonowheavilybiasedtowards
solitary species with spatially separate floaters and breeders sec-
torsofapopulation.

Besidesgeneralisedlocalcoexistence,thelargerhomerangesof
floaterscausedamarkedrangingoverlapwithbreeders(e.g.Fig.3
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andunpublishedresults).Suchextremelylargeareasusedbykite
floaters were possibly promoted by acombinationof several fac-
tors.First,floatersarenotcentralplaceforagersandarethusfreer

Mean percentage of habitat selected or avoided

tomovethanbreeders(e.g.CarreteandDonazar,2005; Guixéand
Arroyo,2011).Second, floatersmayroamoverlargeareastoseek
territory vacancies, test the breeders’ ability to defend their
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Fig.3. Representativeexampleofthreehome-rangesofBlackkitesofdifferentsexandstatusinDoflanaNationalPark(South-WesternSpain)anditssurroundings.Thepark
locationinEuropeisportrayedintheinset.Thesolidblacklinerepresentsthe(smallest)homerangeofabreedingfemale,theblackdottedlinerepresentsthe(intermediate-
sized) homerange of abreeding male and the grey line with crosses represents the (largest) home range of a floater. The thin black line depicts the boundaries of the
cumulatedNationaland Natural Park(marine portionexcluded). Theseasonal marshlandisshowninpalegreyandintensive farmlandindarkgrey.

territories,and gaininformationonhabitat quality for future set-
tlement (i.e., prospecting: Sergio and Penteriani, 2005; Whitfield
etal.,2009a,b; Sergioetal.,2011a).Third, floatersareonaverage
youngerandlessexperiencedthanbreeders,theycouldthusforage
less efficiently and need larger areas than breeders to gather the
same daily amount of food. All these ideas are currently under
studythroughmoreradio-marking.
WithregardtobreedingBlackkites,the smallerrangeswere-
cordedwerelikelytheresultofcentralplaceforagingandtheneed
forterritory,mateandnestguarding. Thehomerangesofbreeding
females were about halfthe size of males, as expectedinraptors
where females are usually deputed toincubation, chick brooding
andnestguarding(e.g.Newton,1979; Arroyoetal.,2009).
Whateverthedifferencesintheamplitudeofhomeranges,itis
interesting that individuals of all status categories basically se-
lected and avoided the same habitats. Black kites over-selected
open semi-natural habitats (marshland, dehesa and scrubland),
and avoided close-structured or cultivated habitats (woodland
andfarmland).Suchpatternswerehighlyconsistentacrossspatial
scalesofanalysis,addingconfidencetoourresults.The preference
foropenhabitatscanbeexplainedbytheaerialhuntingstrategies
of the species and the fact that the three over-selected habitats
hold important populations of the main prey species, such as
waterbirds and crayfish for marshland and rabbits for mosaics of
dehesaandscrubland(e.g.Hiraldoetal.,1990;VifiuelaandVeiga,
1997).Besidestheirvalueintermsofpreyabundanceanddistribu-
tion,thehomogeneousselectionofthesehabitatsacrossindividu-
als may be promoted by the generalistand opportunistic feeding
habits of the species, which can prey upon live animals from the

sizeofamosquitotoal-kgadultrabbit,anduseallsourcesofcar-
rionwhenavailable(authors’personalobservation).

On the other hand, despite their opportunistic diet, all kites
clearly avoided agricultural habitats, mainly represented by rice
fields.Suchavoidancepatternwasinterestinggiventhekites’gen-
eral preferenceforaquatichabitats(Sergioetal.,2005)andgiven
thatrice fields are inundated when the natural marshes start to
dry in late spring-summer. Active avoidance by Black kites was
possiblyrelatedtotheveryintensiveagricultural practicesaffect-
inglarge areas around the park, which usually involve the use of
large amounts of broad-spectrum pesticides and herbicides well-
knowntodepressthe populationsofinvertebratespecies suchas
crayfish,aswellasreptiles,amphibians,mammalsandbirds(Law-
ler,2001; Parsonsetal.,2010),allofwhichare potential prey for
kites(e.g.Hiraldoetal.,1990; Vifiuelaand Veiga, 1997).The fact
that intensive habitat transformations and farming deteriorate
habitat quality and suitability for raptor populations has been
shownbynumerousstudies(e.g.Tellaetal.,1998;Sanchez-Zapata
and Calvo, 1999; Thiollay, 2006), although relationships can be
complex and some species have also been shown to thrive well
in human-altered landscapes (e.g. Bird et al., 1996; Whitfield
etal.,2006b).

4.1.Implicationsforconservation

The fact that kite breeders and floaters closely coexisted and
showedsimilarhabitat preferences opensinterestingpossibilities
for conservation strategies. Establishing habitat management
guidelines that simultaneously favour individuals of different



status would be relatively straightforward, and easier than in
populations with separate breeding and settlement areas (e.g.
Ferrer and Harte, 1997; Balbontin, 2005). In the future, it would
beinteresting to test how frequently breeders and floaters show
similar habitat preferences in those cases in which they happen
to coexist.On the other hand, the much larger ranges of floaters
implied that they used areas outside the national park more fre-
quentlythanbreeders(e.g.Fig.3),makingthemmoresusceptible
to human-related disturbance, thus making their management
morechallenging(e.g.throughhigherpotentialexposuretoillegal
poisoned baits placed in private game reserves thatsurround the
national park; Sergio et al., 2005; Tenan et al., 2012; authors’
unpublishedresults).

Todate,thescantyinformationonhabitatandrangeselection
bybreedersandfloatersofaraptorpopulationhasbeenmainlyfo-
cused on large, solitary species with disjoint settlement areas
whichspatiallyseparatethetwosectorsofthepopulation.Ourre-
sultsextendthisnotiontocaseswherebreedersand floatersspa-
tially coexist with similar habitat preferences. In both cases,
preservingthefloatersectorofapopulation,whichmaybeamajor
achievementtoensurelong-termpopulationpersistence(Penteri-
anietal.,2005), may presentspecialchallenges.Ononehand, for
solitaryspecieswithtemporarysettlementareas,identifyingsuch
sitesmaybedifficult,Jabourintensiveandduplicatethetargetsur-
face in need of management. On the other hand, for social and
semi-socialspecies,coexistencemayeasetheidentificationoflocal
targets,butthelargerrangesoffloatersmaymakethemamenable
to different threats that may be subtle and difficult to identify
withoutintensivestudy.Forexample,inapopulationoftheloosely
colonialRedkite( Milvusmilvus ),floaters coexisted withbreeders
but their wider ranging behaviour was proposed as the cause of
their higher propensity to die by poisoning and electrocution
(Tavecchiaetal.,2012).Similarly,inapopulationlocatedcloseto
alargerubbishdump, Blackkite floaters coexisted with breeders
butwithadietmoredominatedbyrefuse,whichmayexposethem
to toxic substances and pathogens (Blanco, 1997; Blanco et al.,
2007).0verall,independentlyofcoexistenceorspatialseparation,
the few data currently available suggest that the conservation of
the floater sector of raptor populations will continue to be chal-
lengingandrequirespecial,ad hocmanagementplans.Finally,as
morestudieswillappear,thetwoalternativesofcompletespatial
separation with differential habitat selection and full coexistence
withsharedhabitatpreferencesarelikelytoemergeasthetwoex-
tremes of a more gradual continuum of breeders-floaters spatial
relations, eachsituationrequiringlocally fine-tuned conservation
action.

AsforthelocalBlackkite populationof DofianaNational Park,
the results of the foraging habitat analyses suggest a potentially
beneficial effect of the recently implemented restoration project
“Dofiana 2005”, which converted some 50km 2
avoided habitat)locatedinsidethe parktoseasonal marshland(a
preferredhabitat)(GarciaNovoandMarinCabrera,2005a).Further
restoration of the vast expanses of marshland which were con-
verted to agriculture through drainage in the 1960s, and which
currentlysurroundthepark,wouldbedesirableandprobablyben-
eficialtothisandothermoreexigentspecies.
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