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Uvod

Souasné intenzivni vyuzivani krajiny agobuje ve stale &Si mie jeji degradaci.
Zemedelské aktivity a urbanizace enorghmeni nejen krajinny raz, ale i biotické a abiotické
faktory pisobici v tomto progedi (Andrén 1995). Vysledkem toho je, vedle vysakevre
zneisténi, také degradaceagy a fragmentace prdasdi, ktera ma za nasledek hn@tni
krajinnych struktur do malych ogéirkta (Andrén 1994). Tyto fragmenty jsou od sebe navic
¢asto izolovany malo prostupnymi bariérami, coz m&a& negativni vliv na firozenou
obnovu spoléenstev nagchto stanovistich. Za bariéry Ize, krédsilnic, dalnic a Zeleztinich
koridoni, povazovat i rozsahla, zédglsky vyuzivana pole, ktera branékterym, migr&né
mére schopnym, drulm piesouvat se mezi potravniriirozmnozovacimi stanovisti (Miko
a HoSek 2009).

Stredoevropska zetdélska krajina se &hem uplynulych Sedesati let podstatn
zmenila. Od poloviny 20. stoleti dochazelo frstedku zemdélstvi a €Zby dreva ke zmindm
ve struktite krajiny doprovazenych scelovanim pozémlodvodrinim vyuzivané fdy
¢i vymizenim tradini smiSené krajiny (Lipsky 2000). V poslednich dbtadetech dochazi
k exploataci a fragmentaciahto celki. V disledku toho se neustale zmenSuji nextgsky
vyuzivané plochy jako louky, lesy apod (éské republice je 34 % z celkové rozlohyiamm
lesy. Velkac¢ast z nich je vSak hospad&y vyuzivana a pouze 30 % lze oZihgako lesy
piirodé blizké (cca 10 % uzenGR) (Miko a HoSek 2009). Tato homogenizace [Femtt
vede ke ztré@ druhové bohatosti ai@zivani pouze ditého spektra druh vétSinou
generalisi, s rozsdhlym arealem rogni (Shmida a Wilson 1985, Miko a HoSek 2009).
Miko a HoSek (2009) uvé(l, Ze zavadni stejno¥kych porosit negativé ovliviiuje druhy
vazané na lesni praeti. To dokazuji i zahrafmi studie popisujici nizkou petnost
a druhovou diverzitu zivacha ve stejnogkych monokulturach (Kerr a Packer 1997, Lust
a kol. 2004). Takto pozénéna krajina pak ztraci nejen hodnotu, ale i plavéka dilezité
vlastnosti. Krond estetické a rekreai funkce je to mimo jiné schopnost zadrZzovat vodu.
Tuto schopnost ovliwije napiklad propojenost lesnich fragmén{Miko a HoSek 2009).
Silné fragmentovana krajina postradajici tyto prvky gsledr dale disturbovana vidledku
nepravidelného vodniho rezimu — z4plavy, vysychani.

DalSi pokr&ovani fragmentace vede k poklesuirpérné velikosti fragmertit jejich
izolaci, znénam tvaru a typu vegetaiho pokryvu, v dsledku ¢ehoz dochazi k dalSimu
Ubytku biodiverzity, poklesu popuaich p@etnosti zasaZzenych drulii dokonce Kk jejich

vymizeni (Wilcove 1985, Paton 1994). Vnimavost drufici fragmentaci je zavisla



na mnoha faktorech, jako je mira fragmentace, éwdliistorie druhu, jeho ekologicka
valence, mobilita, velikost domovskych okiislale také p&etnost (Hansson a kol. 1995).

Porozungni disledikiim fragmentace na ekologii spdémstev je kifovym bodem
ve snaze zajistit ekologickou stabilitu, a protosewasné dob i hlavnim zamem
ochranéskych a managementovych aktivit. To je patrné ivzeistajiciho potu studii
zabyvajicich setznymi aspekty tohoto fenoménu (iiegad Wilcove a kol. 1986, Andrén
a Angelstam 1988, Murcia 1995, Vergara a Hahn 200@yiklad jen v databazi ,Web
of Science” je pes 1700 studii zabyvajicich se fenoménem fragmengagejim vlivem
na biodiverzitu.

Fragmentovana prasdi maji zpravidla vy3Si podil okrajovych struktur,
a proto jim je v dané souvislosttnovana velka pozornost (Andrén 1994, Storch a2@5,
Vergara a Hahn 2009), jelikoz 2ny indukované naéthto mistech vyvolavaji zény
v biotickych a abiotickych podminkach celé lokaligruhové sloZzeni a petnost, doba
a mnozstvi osvitu, atd.) (Saunders a kol. 1991, r&mdl994, Mortelliti a Boitani 2007).
Paradoxg praw zejména na okrajich dochézi k nggim znéndm v disledku hospodékych
aktivit ¢i urbanizace (Hansson 1994, Paton 1994, Lidick&91®ijak a Thompson 2000).
Na okraje jsou vSak vazané druhy nejen z okoliterigru lokality, ale i druhy na okraje
specializované, které jsoéntito aktivitami nasled& ovlivnény. Jedinénost ekotofi byla
studovéana jiz od p@tku 20. stoleti, ale &Si druhova diverzitaéthto ekosystéin byla
popsana az vroce 1933 americkym ekologem Leopol@dm ,okrajovy efekt” (shrnuti
v Fonseca a Joner 2007). Podle teorie optimalnibtrayniho chovani se predéto
sousted’'uji praw do mist s nejvySSi potravni nabidkou, kterymi ekgtjsou (MacArthur
a Pianka 1966). Retnost mnoha druhse tak vlivem predatérdale sniZuje, a to nejen
piimo, prostednictvim predace, ale i némo, kdy pod vlivem vysokého prettdho tlaku
snizuje kdist svou aktivitu,éimz mize byt naslednovlivnéna i jeji reprodukce (Norrdahl
a Korpimaki 2000 ).

Mnoho pt&ich populaci vazanych na okraje lesnich pesltse Bhem poslednich
desetileti zmenSil@i dokonce vyhynulo nasledkem rozsahlé fragmentasenaspojenych
zmeén v ekologické stabilt — ztrata mist vhodnych k reprodukci a hgidda nasledna
kompetice o #&. (Dijak a Thompson 2000, Lariviere 2003, Baldi at®8y 2005, Hanson
a kol. 2007). V pipack fady drutii pévci je nizka reprodutni asgsnost zisobena zejména
hnizdni predaci (Dijak a Thompson 2000). Ta naslediibyva na intenzitse snizujici

se velikosti fragmentu a zvysujicim se podilem jokrgch struktur (Keyser 2002).



Hlavni predatory ve fragmentované krajipredstavuji ptéi predatéi a to gedevsim
krkavcoviti ptaci (Corvidae) a s&vpredatdi z tadu Selem (Albrecht a kol. 2006). Selmy
(Carnivora) vSak byly vtomto ohledu jen mélo stualyy. Divodem niize byt vysoka
obtiznost sledovani Selem, které Ziji skrytym &nim Zzivotem, vyhybaji se igtim
sc¢lovékem a maji velmi nizké populai paetnosti (Sargeant a kol. 2003). \astedku
toho byla ekologie mnoha drah3elem, ale i reakce na ekologické disturbance,
jako je fragmentace prdsdi, velmi malo prozkoumana (Crooks 2002). Fumkodpowd
Selem se rize liSit nejen diky jejich specifickému chovanie al morfologii. Selmy maji
velkou migr&ni schopnost a pohybuji se na rozsahlych tzemiowéN 1999). Jejich velké
domovské okrsky jsou ¢asto mozaikovité, sloZzené i z nevyhovujicickiasti
fragmentovaného Uzemi, které jsou nucefgkpnavat. Mohlo by se tedy zdat, ze jsaudiv
fragmentaci imunni. OvSem kazda disturbance aujw s Zivotnim proseédim druhu i druh
samotny. To dava prostor diuh invaznim, ale i druibm doméacim s SirSi ekologickou
puvodni druhy vytlgit. Typickym prikladem invaznich druhSelem u nas jsou myval severni
(Procyon lotor) pivodem ze Severni Ameriky, a psik myvaloyiyyctereutes procyonoides)
z Déalného vychodu (Plesnik 2009)eBto, Ze jsodasto negativni vliivydchto Selem na nasi
faunu nadhodnocovanyfimé dikazy ovlivréni autochtonnich druhchybi. OvSem pouhym
narusenim slozitého systému trofické kaskadyenbyt spugn dominovy efekt, ktery e
ne@imo vest k potléeni, v krajnim pipact vymizeni, gvodnich druli, nehled na invazni
druhy jako penasée patogennich organisn{Plesnik 2009). Podobnv pripact pokraujici
fragmentace a prohlubovani jejich nasledikize dojit ke vzjemné kompeticiigodnich
druhi. Lasice kaotava (Mustela nivaliy, jako potravni specialista, jéasto vytl&ena
z potravie bohatych okrajovych struktur vidledku mezidruhové kompetice i predace
(Korpimaki a Norrdahl 1989). Synantropni druhy @rexi-generalisi, jako liSka obecna
(Vulpes vulpes)¢i kuna skalni (Martes foina) ovSem nefsobi jen jako schopgisi
kompetitdi, ale svou predaci oviwji i mnohem SirSi spektrum Keti (Korpimaki
a Norrdahl 1989). Narozdil od uvedené lasicet&ey ¢i hranostaje, jejichZz potravu tkio
piedevsim drobni savci, jsou pred&igeneralisté jednim z nejvagiich divodi snizeni
hnizdni GspsSnostifady pt&ich druhi, na které svou predaci negativpisobi (Donovan
a kol. 1997, Nour a kol. 1993, Paton 1994, Sale39P0

K pochopeni habitatovych preferenci Selem a timjich vlivu na celd spotenstva
je ovSem zapeebi zjistit, za jakym €elem jsou okrajové struktury vyuzivany. Podle hkoub

navstiveného okraje lze usuzovat, zda je okraj i jako ,migr&ni linie* (travel line)



poskytujici hojnost kiesti, nebo zda se jedna o citenavstvované ,misto lovu* (foraging
zone)¢i zda jsou ekotony unikatni ,mista s vysokou humitdiverzitou predatdt (place
with higher predator abundance/diversity) (Larigie2003). V pipad prvni hypotézy
je navstvovana pouze maléast lesni periferie a predator neprozkoumava oknbgakzji.
Jinak je tomu v fipact, kdy je tato oblast mistem lovu a predator tudizhAdzi mnohem
hloukgji a nejintenziveji je pak okraj vyuZivan, je-li mistem agregace keédlo pd@tu
predatod (Lariviere 2003). Na z&klg&dceléfady studii (Andrén a Angelstam 1988, Paton
1994, Soderstrom a kol. 1998, Batary a Baldi 20[@4hejwtSi paet predatar zaznamenan
piredevsim do hloubky padesati nietsrd okraje lesa. Aby vSak bylo mozné pro jednotlivé
druhy predatar podpdit jednu z hypotéz, je nutné jejich habitatové erehce srovnat
s druhovou charakteristikou (morfologie, mobilitaira specializace, socialita apod.).

Jako efektivni krok podniknuty ke zmémi nasledk fragmentace a okrajového efektu
se zda byt zakladanii ponechani uzkého pruhu vegetace na rozhrani gwostedi —
tzv. biokoridory (Hilty a Merenlender 2004, Sale®0®). Nejen Selmy tyto koridory vyuzZivaji
k presurim mezi zbylymi fragmenty a tato propojenost tak rasbje Uplné exploataci
izolovanych ostivka (Hilty a kol. 2006, Salek 2009). Okrajovy efekt s@&ni v zavislosti
na produktivie ekosystému, charakteru krajiny a na jelsqgieni maji viiv i podminky
a charakter dané lokality, jako je hitgbad zastoupeni a vySkaikeého a stromového pasma
a hustota a pokryv vegetace (Donovan a kol. 199torP 1994). Pro ochraiské
a managementové aktivity se proto neukazalo bytrams/ani samotnych predatoitak
efektivni jako pimé zasahy do charakteru a ugmani porostu (Gittleman a kol. 2001
Delattre a kol. 1999). Manipulace s¢etnimi stavy predat@rnavic nardzi na ochranny statut
nekterych druli. Fragmentovana, hospddiy vyuzivana, krajina s typicky ostrymigehody
mezi @ilehlymi prostedimi by se proto #ha zmenit tak, aby co nejvice odpovidala
piirozenému stavu a shiZovala tak pradatlak v ekotonu. VySSi heterogenita a hustota
vegetace v okrajovych strukturach znesnge a znané prodluzuje predatém fazi hledani
kofisti (Bowrnan a Harris 1980, Martin 1993). Postupiechody na rozhranich mezi lesnimi
fragmenty a zeguélskou krajinou tvéené zmlazujicimi porosty lesnicltedtin, kovinami
a bylinnou vegetaci vedou rasihke snizeni predace a rozvaiin pred&niho tlaku do SirSiho
Uzemi okrajové struktury (Suarez a kol. 1997).

Aby vSak mohly byt podniknuty dalSi a razafj®n kroky vedouci k obnoveni
a udrZeni ekologické stability, musi byt ekologiagimentaci postizenych driulimonitoring

vyskytu, p@&etnosti, habitatové preference aj.), a zejménasakkladnsji studovana.



K tomu (elu slouzi cel&ada metod, a to jakiipnych, tak nefimych. Mezi pimé
metody seradi Fimé pozorovani, radiotelemetrie, specifické cam ungélymi znatkami,
vyuziti unikatnich vzar na Kizi ¢i srst, ale i odgel. AvSak @imé metody jsoutasto
neefektivni diky vysoké logistické #&asové narénosti a jejich vyuziti je nevhodné
pro sledovani vice drihna rozsahlém Gzemi (Salek 2009). Vzhledem k vydénné
nara:nosti pozorovani Selem nejsou, s vyjimkou radioharie, tyto metody ve velké pai
vyuzivany.

Pro studium saich predatal se protocastji vyuziva nepimych metod, jakymi
jsou kamerové pasti, zimni stopovanigrsirusu, undla hnizda, kryté naslapné tali
a pachové stanice.&8ina tchto metod ma vsak jista omezeni (kamerové pastyseka
financni nékladnost, zimni stopovani — omezené iomnost sdhu a r@&ni obdobi
pii nedostatku kiisti, coZ zkresluje fedstavu habitatové preference atd.) (Salek 2009).

Diky nizkym nakladm a vysoké efektivét je proto nejastji vyuzivana metoda
pachovych stanic (Gehring a Swihart 2003, BareadAzz kol. 2006). Tato metoda, vhodna
ke stanoveni populaich trend, habitatovych preferencéi relativni pd@etnosti druhu,
puvodne Siroce uzivana v Severni Americe, nasla své upiatinv evropské krajié (Virgos
a kol. 2002, Mortelliti a Boitani 2007, Salek 2009rincip pachovych stanic sfea
v zachyceni stop na ploSe, na kterou jsou prédataldkani pachovym atraktantem
umiseénym uprosted stanice. Rozmisti, paet stanic, doba expozice, typ substratu
¢i atraktantu se fK¥e liSit v zavislosti na druhu sledovanych predgtalypu Kkrajiny
¢i predmetu vyzkumu, ovSem i ip zvoleni nejvhodgSiho postupu ma tato metoda
své nevyhody. Mezi & pati snadné ovlivéni navsgvnosti pachovych stanic pasim
(Notttingham a kol. 1989), sezénou (Wilson a DefaB01), lidskou aktivitou v blizkosti
stanice (Andelt a kol. 1985Fi rozdilnou pozornosti jednotlivych drathvaci vybranému
atraktantu nebo celé stanici (Baldwin a kol. 20P®rtelliti a Boitani 2007). To vSechno
vSak vysoce fevysuji vyhody a efektivnost vyuZziti pachovych stakteré kktefi badatelé
(Stanley a Royle 2005, Gompper a kol. 2006) dofgitkombinovat s dalSimi némymi
metodami, které slouzi k vyrovnani zmé&igch nedostatk Navic v podminkach evropské
kulturni krajiny nejsou nevyhody, jako je ovligm lidskou aktivitou v blizkosti stanice,
tak vyznamné, jelikoz jsou predétoa lidskoucinnost vicemé& habituovani.

Tato magisterska prace si, p¢awa pouziti metody pachovych stanic, klade za cil
zjistit habitatové preference s@wh predatal ve fragmentované kragn Ocekavanym
vysledkem je preference okrajovych struktur. OvSemjak jiz bylo zmigno, se mni

i v zavislosti na velikosti fragmentu. Ve fragmeritemalé velikosti, které jsowasto



mnohonasobhmensi nez domovské okrsky monitorovanych Selermgéné pedpokladat,
Ze se Selmy nebudou striktirZzet okrajovych struktur a malé fragmenty budguaivat
v celém jejich rozsahu. Wilcove (1985) prokazal Siypredéni tlak ve fragmentech malé
velikosti, coZ by mohlo napovidat, Ze sedgwedatdi mnohemcastji vyskytuji praw zde.
Velké fragmenty by vSak logicky #ty poskytovat, vzhledem ke své rozloz&tSi potravni
a prostorové moznosti. Vzhledem k nedostatku stadiiyvajicich se hloubkoutagobeni
okrajového efektu v zavislosti na velikosti fragrherbude jednim z diltéto prace na danou

otazku odpowdét.
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Abstract

We focused on edge effect in different fragmene soatches using scent-station
method. We tested whether habitat fragmentation feaginent size relate to mammalian
predators’ abundance and distribution and whetierontribution of this factors additive
or interactive. In May and June 2008 — 2009 we alggal scent stations in total 154 forest
fragments of variable area (0,012 — 50,9969)krfhis sample size allowed us to perform
detailed analyses separately for all detected epeciOur findings acknowledge
that mammalian predators prefer habitat edges arall $orest fragments. The probability
of occurrence of carnivores tends to decrease wiitreasing distance from edge
in all 7 detected species. Carnivores’ activity waso negatively correlated with area
of forest fragments. All detected species tendrefgp small fragments with the exception
of badger (reverse nonsignificant pattern) and fed (no effect of fragment size).
Nonsignificant interaction between fragment sizd distance to edge suggest independent
contribution of both these factors to mesopredatwediated effects on native biota
in fragmented landscape. Hence, we suggest thatrmadam predators prefer small forest

fragments as well as that edge related activityisaffected by patch size.

Keywords: edge effect, fragment size, mammalian predatoagnientation, scent station,

Doudlebia, Czech Republic
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Introduction

Edge related nest predation has been describednagoa factor of declining of many
edge specialist bird populations across many diffetypes of ecosystems (Nour et al. 1993,
Paton 1994, Donovan et al. 1997). Higher nest pi@daear forest edge should be closely
connected with level of habitat fragmentation, Whileads to decrease of patch size
and increase of edge structures in relation tostdrgeriors (Andrén 1992, Vergara and Hahn
2009). It is known that edge related nest predatiepends on variety of biotic and abiotic
factors such as type of forest edges (Andrén 1998)cture of surrounding landscape matrix
as well as composition of avian and mammalian goedaommunity (Gates and Gysel 1978,
Marchand and Litvaitis 2004). Similarly, many reséers have found higher nest losses
in smaller forest fragments as well as in shortetadce to forest edges in contrast
to unfragmented large forest patches (Wilcove 138&over et al. 1995, but see Storch
et al. 2005). In temperate zone most of predatieng were recorded within 50 meters
from forest edges (Andrén and Angelstam 1988, Pa894, Soderstrom et al. 1998, Batary
and Baldi 2004), however some studies did not famy relation between nest predation
and edge structures (see Storch 1991, Lahti 260)ce, higher prevalence of nest predators
in forest-farm edges and small forest islands read lto that the edges may make "ecological
trap" (Gates and Gysel 1978).

Bursting human impact in agricultural landscapeghhidegree of urbanization
and increasing of food resources, which are coedeatith human activities and suburban
development, lead to increasing population of mamgsopredator communities. In Central
Europe, a marked increase of generalist carnivbassbeen documented, such as red foxes
(Vulpes vulpeshnd martensMartes sp.) which are particularly important nest predato
of edge nesting bird species (Seymour et al. 20@Btorch et al. 2005).

A multitude of generalist predators penetrated ffammland to forest matrix and vice versa

should increase predator diversity and abundarmeéndrforest edges. Predator concentration
to forest edges should be associated with highey gensities (Ratti and Reese 1988, Salek
et al. unpubl. manuscript), or alternatively mamaralpredators should utilize habitat edges
as a travel lines (Bollinger and Peak 1995, Lare/i2003).

Although predator activity has been studied esfigciasing nest predation
experiments on artificial or natural nests, dataualdirect fine scale utilization of forest—farm
edge gradient of mammalian predators have beemdigaily performed (but see for example

(Salek et al. unpubl. manuscript, Svobodovéa etiahubl. manuscript). These contributions
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are however based on small or medium scale expetintbat focus primary on the overall
response of mesopredator fauna to landscape elem@éhis large scale experiment
by contrast allowed us to evaluate spatial pattdralistribution at species specific level.
In addition, edge effect is not the only mechantssw landscape fragmentation contributes
to population declines due to increased predaigi Increased abundance of mesopredators
in small habitat fragments may occur due to negaititeractions with more habitat sensitive
top predators (Crooks and Soule 1999) or simplytdper sepreferences for these fragments
(Wilcove 1985). This point was however not subjgicsome detailed research in European
conditions. In addition, although both these conseges of habitat fragmentation (i.e. edge
effect and preference for small patches) may dountei additively to overall predation risk
in fragmented landscape, alternative scenarios wemely evaluated at least in European
context. Complex biotic interactions may be basedh®oretical models and empirical data
both enhance or reduce the strength of edge efifedtabitat fragments of small size.
In this contribution, we examined fine-scale uéitibn of forest-farm edges by mammalian
predators in relation to different size of forestghes. We predicted that predators’ activity
is greater along edge than in the forest interind dhat it is negatively associated
with fragment size. Similarly, we tested if distriton of mammalian carnivores along forest

edge interior continuum differs with respect tagfreent size.
Methods
Study area

Our study was conducted in 1502 %wof highly fragmented agricultural landscape
in Ceské Budjovice basin (between 48° 48' N, 14° 10' E and189N, 14° 30' E), Doudlebia,
Czech Republic. This region is characterized witedpminantly flat or gently downy
topography and is situated in altitudes mostly wayyfrom 380 to 410 m. Terrestrial climate
of study area is distinguished by annual mean teatype 7,5 °C and rainfall ranging
from 600 to 650 mm. The region is characterizeddierse mosaic of agricultural land
with cultivated crop fields, grasslands, exclusyvelsed pastures and extensive variety
of fishponds. The secondary coniferous or mixeedts are dominated by common spruce
(Picea abies) scots pine(Pinus sylvestris) with occasional broad-leaved tree species
such as oak@uercusspp.), birch Betula pendulaand beechRagus sylvaticus Ground
vegetation is represented by shrubs and saplingsaobpy trees(Acer platanoides /

pseudoplatanus, Corylus avellanalrorest-farm edges are composed by dense shrub
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vegetation, consisting mainly of shrub€ofylus avellana Prunus spinosa as well

as diversified herbaceous vegetation mainly origngafrom the nearby grasslands.

Design of the experiment

Distribution of mammalian predators on forest-farmdges was studied
in 154 transects in forest patches of differene 2,012 — 50,996 kfj from May to June
in 2008 and 2009. Selected period corresponds d¢ontsting season of the most birds
in the study area (e.g., Hudec 1983). Study ldealitvere chosen based on digitized aerial
orthophotograph maps (1:5000) using geographidainmation system (GIS, ArcView 3.2a -
Environmental Systems Research Institute, Inc. PR0@@inimum distance between
neighboring localities was 500 m in order to achiendependence of the replicate sites
(e.g., Gehring and Swihart 2003); however, its agerdistance was 3400 m. In each location
we placed transect of four scent stations for noomigy carnivores (see below) in forest
matrix at four distances from the forest edges2f),50, 100 m). For purpose of our work,
we defined forest edges as the sharp boundary betfeeest and grassland habitat. Grassland
habitats were entirely composed of production ledg$ (for detailed description see Salek
et al. 2009). Minimal distance between two adjajnacent stations in one transect was 50 m.
Scent stations are usually arrayed in lines, howérear arrangement generally produces
spatially dependent data (Sargeant et al. 2003)s€&yuently, scent station placement within
one set was not linear in our study design. Weusbed two-sided forest-farm edge effect
from our monitoring because the data from prelimymasearch showed very low proportion
of visited scent stations in hayfieldSgrvinka unpubl.) and similar utilization of thishitats
was recorded from other researches in the samg ated (Sélek et al. unpubl. manuscript,

Svobodova et al. unpubl. manuscript, Salek etG)9R
Mammalian predators’ distribution

To assess distribution and habitat utilization ainmmalian predators various types
of methods were developed (see Long et al. 20@8p@per et al. 2006) and these method
are always facing specific ecological and behavifeatures of carnivores such as wariness
of humans, nocturnal activity, secretive habitswadl as their low population densities
(Sargeant et al. 2003). For our research, we décide use scent station,
which is one of the most used methods for largdiapacale observation of carnivores
(e.g. Linhart and Knowlton 1975, Zielinski & Staeiff1996, Crooks and Soulé 1999, Gehring

15



and Swilhart 2003, Long et al. 2003, Mortelliti ar8oitani 2007). Scent stations
were constructed as a 1x1 m square filled with@m2thick layer of fine-grained masonry
sand. To analyze predator distribution on a reddyivsmall spatial scale, at the same time
without attraction of animals from greater distas)adomestic rabbit urine was used as a mild
attractant (Linhart and Knowlton 1975). Rabbit erim a 1.5 ml microcentrifuge tube
was fixed to a wooden stick and placed in the eenfreach scent station, approximately
15 cm above the ground. Scent stations were meuwitfor eight consecutive days. Presence
of footprints was checked every second morning.cése of rainfall, the observation
was interrupted and restored scent stations wezekeld again after 2 days.

The mammalian predators’ identification was basedootprint dimensions and shape
characteristics (Bouchner 2003, Anal and Horéek 2005). In our study area there
is a documented occurrence of least we@daktela nivalis) ermine stoafMustela ermineg)
polecat (Putorius sp.) martens (pine marteMartes martes stone marterMartes foing,
Eurasian badgefMeles meles)red fox (Vulpes vulpesand human’s residential carnivores
(domestic caFelis catusand domestic doGanis lupus familiaris (Svobodova et al. unpubl.
manuscript, Bouchner 2003, Afrd and Hor&ek 2005, Séalek et al. 2009). We excluded
domestic dogs from our analysis because their oecoe is mostly dependent on human

activities (see Lenth et al. 2008).

Statistical analysis

Multiple detections of the same carnivore speciesing the 8 exposure days
at a particular scent station may be caused bys#mee individual. We therefore treated
occurrence of a particular carnivore species amary response variable (present or absent
during the 8 days).

At first, we fitted “complex” model, where outconoé each scent station (presence
or absence) for every carnivore species detectethgluhe survey (in total 7 species)
was considered. This model enabled to test fomrteespecific consistency of all explanatory
variables evaluated using the interaction betwegeciss identity and particular factor
in the question (see Séalek et al. 2009 for furtieails).

There are two sources of data nonindependenceisndtitaset. At first, stations
at each locality (i.e. scent stations quadruplete sectionExperimental designmight
be visited non-independently due to close proximity addition, outcome of each scent

station was considered separately for all specstscted during the experiment. However,
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the probability of the detection of particular sigscdoes not have to be independent
with the respect of spatial distribution of remamicarnivores. To avoid these sources
of spatial pseudoreplications (Sargeant at al. 20@@ used a Generalized Linear Mixed
Model (GLMM) with a logit link function, assumingiriomial distribution to fit our data
(Bernoulli trial, i.e. predator absence vs. presg¢nas implemented in R 2.10.0. software.
The model contained a random intercept, specifiedthe scent station identity nested
in a locality.

Significance of following main effects and all thevo way interaction was evaluated:
the year of the study (2008 vs. 2009), the speidestity (red fox, domestic cat, marten,
polecat, stoat, least weasel, and badger), thérémgnent size (range 0,012 — 50,996%km
and the distance to the habitat edge (1, 25, 50180dm). The last variable was considered
as continuous; however, identical results were inbthwhen including distance to habitat
edge as a categorical variable with 4 levels. Iditaxh the complex model contained
two three way interactiondragment sizex distance to edgeear and fragment sizex
distance to edgex specis to test for between year and between speciesistemsy
of the focal interaction: fragment sizedistance to edge.

In addition, we fitted 7 single species models, rehactors affecting the probability
of detection of particular species were tested.il&ry as in the complex model the response
variable was assumed to be binary, correspondinipggpresence or absence of particular
species at the scent station. We evaluated signdie all main effects and two-way
interactions that were considered in complex model.

Backward elimination of the non-significant ternmsthe GLMM was used to select
the best minimal adequate model (MAM), i.e. the npassimonious ones with all the effects
being significant (Crawley 2007), eliminating atrsfi non-significant interactions
and subsequently non-significant main effects. Sigmificance of a particular explanatory
variable is derived from the change in deviancevbeh the model containing this term
and the reduced model. There was no hint of oveedsson in fitted models;
thus we assumed-@ distribution of difference in deviances, with degs of freedom equal
to the difference in the degrees of freedom betwbenmodels with and without the term
in question (Crawley 2007)

We also tested for spatial randomness of the statibns visits using randomization
procedure described in Salek et al. (2009). Infbdbserved distances between two nearest

localities (scent stations sets) visited by a paldr predator species were compared
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with distances that were simulated under the assangp(1) that predators are distributes
randomly and (2) probability of their detection mnsistent with empirical data.
There was no hint of spatial non-randomness irstleat station visits (i.e. distances between

visited and simulated scent stations pairs werepemable in all seven casés> 0.2).
Results

During the 4928 station-nights, we recorded 268itatisns of 7 mammalian
predators’ species. The average detection of ocamiv on scent station
was 0,054+ SE detections per station-night. We detected leasisel fustela nivalis,
32 visits, 5,2 % scent stations visited), ermir@asMustela erminea59 visits, 7,5 % scent
stations visited), polecaP(torius sp.31 visits, 5,0 % scent stations visited), marténar{es
sp., 57 visits, 7,9 % scent stations visited), Eurasiadger Keles melesl6 visits, 1,8 %
scent stations visited), red fo¥/\lpes vulpes26 visits, 3,6 % scent stations visited)
and domestic cafglis catus39 visits, 5,4 % scent stations visited).

According to the complex model, the probability cérnivore detection varied
sustainable between years (56 visits and 22,6 %t stations visited at least once in year
2008 vs. 127 of individual visits and 34,5 % scstations visited at least once in year 2009
Table 1). In addition, the marginally significafyear x species” interaction suggest
that these temporal fluctuations are not considi@ntll species detected (Table 1). Single
species models shows significant decrease of ttextilen probability for Stoat in year 2008
compared to year 2009 (Table 2). On the other &ieisyeen years variation in the probability
of detection was not revealed for remaining spe(iable 2).

Backward reduction of the complex model further dastrate highly significant
preferences of carnivores for forest/farmland edgewxe the probability of their detection
decreased with increasing distance to these stesc{Table 1, Figure 1). Our data however
do not suggest considerable interspecific diffeesnin response to the habitat edges
(i.e. nonsignificant interaction'species x distance to edge” Table 1). All species tend
to be more likely detected near habitat edges atatsipecific differences in this correlation
were rather low (Figure 3). In addition, accorditey single species model, significant
preferences for habitat edges were revealed fapaities with the exception of least weasel
(Table 2).

Based on the complex model, carnivores were gdyearaire likely to be detected

in small fragments (highly significant main effefttagment size’, Table 1, Figure 2);
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however, the marginally significant interactiofspecies x fragment size” suggests
inconsistent interspecific response to fragment gfEable 1, Figure 4). Separate single
species models revealed significantly higher prdialof detection in smaller fragment size
for domestic cat and marten (Table 2). Howevergraftemoving these two species
from the complex model thspecies x fragment size’interaction as soon as thieagment
size” main effect remain still significant(D.f. = 4, y* = 9.94,p = 0.0415 and! D.f. = 1,

¥ = 5.49,p = 0.0191 respectively). This indicates that intecific differences in patch size
preferences are driven not only by the contrasivéen two species with highly significant
preferences for small patches (domestic cat andemjavs. remaining carnivores. The slope
of the relationship between fragment size and pibba of carnivore detection tend
to be negative for all detected species with theeption of red fox (no pattern) and badger
(nonsignificantly positive relation, Figure 4). Wheve finally excluded data on badger
from the complex model thspecies x fragment size’interaction was no more significant
(4 D.f.=5,7°=6.66,p = 0.2476).

Finally, there was also in general no evidenceditfierent response to habitat edges
in large and small fragments (nonsignificant intéicn: “fragment sizex distance to edgg”
suggesting additive independent contribution oféhi factors. This appears to be consistent
across the species level (nonsignificant interactifragment size x distance to edgex
species] Table 1). No effect of théfragment size x distance to edge”interaction
was confirmed for all detected species accordingirigle species model, with the exception
of badger. However, marginal significance of thi¢eraction in this species was driven
by just two visits that occurred both in relativdlgrge fragments and relatively apart
from forest edge (50 m from forest edge in fragmen81556 M and 100 m in fragment
of 58410 m). When excluding these two visits from the datdtetsignificance was lost
suggesting the lack of robust support for the adBve effect of distance to edge

and fragment size in badger.
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Table 1. GLMM fitting results for the probability of the thction of carnivores at scent stations. Signifaan

values correspond to likelihood ratio tests. Factocluded in the minimal adequate model are il ipoint.

f. X? p
3555  <0.0001
16.24 0.0001
38.12  <0.0001

fragment size 17.54  <0.0001

species X fragment size 12.92 0.0444

Fixed effect* AD.
1
1
6
1
6

year X species 6 18.61 0.0049
1
6
1
1
1
6

Distance to edge
Year
Species

year x distance to edge 3.35 0.0672
species X distance to edge 3.70 0.7173
Fragment size X distance to edge 0.96 0.3262
year X fragment size 0.38 0.5380
Fragment size X distance to edgexyear 3.16 0.0753
Fragment size X distance to edge X species 9.06 0.1702

* Fixed effects: Distance from edge, (0-100 m dis&to forest agricultural ecotone; year, tempozplication
in year 2008 and 2009; Fragment size (0,012 — BOI9); species, red fox, domestic cat, marten, polecat,

stoat, least weasel, badger.

Figure 1. Predicted relation between the probability (+ $E}he detection at least one carnivore at thetscen
station during 8 exposure nights and distance tesftfarmland edge. Prediction based on GLMM assgmi

distance to edge both as a categorical and conttnvariable is presented.
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Table 2. GLMM fitting results for the probability of the thction of particular carnivore species (singlecépe
models) at scent stations. Significance values espond to likelihood ratio tests. Factors included

in the minimal adequate model for each carnivooaigrare in bold print.

2

Species Fixed effect* AD.f.. X p
Domestic Cat  distance to edge 1 13.71 0.0002
fragment size 1 5.80 0.0160
Year 1 1.13 0.2887
distance to edge x fragment size 1 1.32 0.2511
distance to edge X year 1 1.13 0.2879
year X fragment size 1 0.00 0.9639
Red fox distance to edge 1 5.21 0.0225
Year 1 0.66 0.7177
fragment size 1 0.04 0.8430
distance to edge x fragment size 1 0.09 0.7652
distance to edge X year 1 0.00 1.0000
year X fragment size 1 1.73 0.1881
Badger distance to edge 1 9.48 0.0021
fragment size 1 0.12 0.7281
distance to edge x fragment size 1 4.01 0.0453
Year 1 0.31 0.5796
distance to edge X year 1 0.00 1.0000
year X fragment size 1 2.89 0.0892
Marten distance to edge 1 10.42 0.0012
fragment size 1 7.64 0.0057
distance to edge % fragment size 1 3.29 0.0697
Year 1 1.82 0.1773
distance to edge X year 1 0.00 1.0000
year X fragment size 1 0.64 0.4226
Polecat distance to edge 1 8.13 0.0044
Year 1 0.66 0.4176
fragment size 1 0.67 0.4121
distance to edge x fragment size 1 0.88 0.3490
distance to edge X year 1 0.00 1.0000
year X fragment size 1 2.28 0.1309
Stoat distance to edge 1 5.26 0.0219
Year 1 9.34 0.0022
distance to edge x fragment size 1 3.52 0.0606
fragment size 1 1.87 0.1715
distance to edge X year 1 0.00 1.0000
year X fragment size 1 0.08 0.7767
Least Weasel distance to edge 1 2.28 0.1311
Year 1 1.56 0.2110
fragment size 1 0.82 0.3656
distance to edge x fragment size 1 0.00 1.0000
distance to edge X year 1 0.28 0.5960
year X fragment size 1 0.28 0.5960

* Fixed effects: Distance from edge, (0-100 m dis&to forest agricultural ecotone; year, tempozplication

in year 2008 and 2009; Fragment size, small vgeléorest fragments.
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Figure 2. Predicted relation between the probability (+ $E}he detection at least one carnivore at thetscen

station during 8 exposure nights and log transforfregment size. Prediction based on GLMM.
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Figure 3. Interspecific differences in forest/farmland edpeeferences expressed as the GLMM slope
(= SE) between probability of detection of indivadwspecies and distance to habitat edge (i.e. ivegatlues
correspond to higher likelihood of detection neabitat edge.
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Figure 4. Interspecific differences in fragment size prefers expressed as the GLMM slope (+ SE) between
probability of detection of individual species afndgment size (i.e. negative values correspondréfepences

for small fragments and positive values indica&fgnences for large fragments).
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Discussion

Marked negative impact of habitat fragmentatiod adge effect on many populations
of bird species belong to recently major conceroarfservation biology (e.g. Fahring 2003).
Our study brought data that predicate of forestafand edge related activity of mammalian
predators, as an important factor of predation, risk diverse mosaic of fragmented
agricultural landscape. In compliance with our poes results (Salek et al. unpubl.
manuscript, Svobodova et al. unpubl. manuscript) studies by Andrén and Angelstam
(1988), Paton (1994) etc., we were documented mha@tnmalian predators’ distribution
in fragmented landscape is primarily restricted marrow strip of forest edge.
The priority for edge structures was not record yomh larger forest fragments
but also in the small woodlots patches. Similattystudies by Wilcove (1985) and Vergara
and Hahn (2009) we also found preferences for sifnafjments, where carnivores tend
to be more likely detected.

The distance, which predators penetrate from &abidge, is often debated in variety
of geographical locations and it may vary in demgg on different biotic and abiotic
factors. Although enhanced nest predation have e mostly within 50 m from an edge
(Wilcove et al. 1986, Burger et al. 1994, Paton4l9Batary and Baldi 2004) some authors

take this determination for subjective and arbytri@ndrén and Angelstam 1988, Flashpohler
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et al. 2001, Lariviere 2003, Storch et al. 2005)r €ndings show the significant decreasing
of carnivores’ occurrence with increasing distarican forest edge. Almost 90 percent
of records have been found within 50 meters from firest edge. Similarly, Bider (1968)
reported high prevalence of mammalian activity gloforest-field edges in the first
50 m from forest edge than further in interior. W&sume that this could be closely connected
to landscape type and level of habitat fragmentasiod type of habitat edge. Elevated edge
related predators’ activity in forest fragments basn documented in highly and moderately
fragmented landscapes (Donovan et al. 1997, LdMilLlPas well as in the areas with high
agricultural utilization or residential developmeiiBayne and Hobson 1997, Dijak
and Thompson 2000, Keyser 2002). Similarly previgusdies have suggested that nest
predation in forest edges occurred between twotdisbivith steep gradient productivity
(forest/farmland edges, see Angelstam 1986, Wilaiva. 1986, Paton 1994, Andrén 1995)
however its prevalence is less obvious in lowerdigmt habitats such as forest interiors
(clercuts/contigous forest, Saracco and Collazo919@alt and Lank 2009). Our edges
represent however hard ecotone boundary betweeastfoand farmland landscape
(see methods for further details).

Landscape composition and type of edge structsinesild have marked influences
not only on predators’ distribution and abundangedtso on its prey. Predators should focus
their foraging activity to areas where the food rsea are abundant (Macdonald 1983,
O’Donoghue et al. 1998, Jepsen et al. 2002, Felleal. 2007, Sidorovich et al. 2007,
Zub et al. 2008). Similarly higher prevalence ofndeores’ activity in forest edges should
be caused by higher densities of potential prege@ally small mammals (Ratti and Reese
1988, Pasitschniak-Arts and Messier 1998) and b{@ates and Gysel 1978, Austen
et al. 2001). Our previous research has shown dbandance of mammalian predators
and small mammals consistently increased in habiges (Salek et al. unpubl. manuscript),
however in the years of low abundances of small mals carnivores did not exhibit edge
preferences (it is much less obvious) (Svobodow. einpubl. manuscript).

Unlike previous studies were performed on carnisoegige preferences in central
European conditions (Séalek et al. unpubl. manusc8pobodova et al. unpubl. manuscript)
our contribution based on large sample size allowetest edge preferences for all species
detected. Increase carnivore activity along hab#tdjes was supported for all detected
species. In case of least weasel, the trend wassisignificant as in case of other species
(Table 2). We hypothesize that in predator richeetigbitats the least weasel should suffer

inter-specific competition and intra-guild predatioy larger generalist predators (King 1983,
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Korpimaki and Norrdahl 1989). Thus, they should feeced out from forest edges,
which results in more homogeneous utilization oblehtransect.

The strength of edge effect may vary in dependencseveral factors (remnant size,
shape, position in landscape, wind, water fluxlightetc.). Many previous researches have
founded increased nest predation as forest sizeassd (Wilcove 1985, Yahner and Scott
1988, Paton 1994, Keyser et al. 1998). Wilcove B)9%®eterminated that increasing edge
related nest predation in small fragments is caulseligher proportion of edges in relation
to forest interiors (Wilcove et al. 1986, Andrérdafingelstam 1988, Murcia 1995, Vergara
and Hahn 2009). In line of these results, we asduthat the smaller forest patch should
forced carnivores to explore the whole habitat aotdonly the edges. Nevertheless, our data
did not show any differences in edge activity ire tdifferent forest patch size. Edge
preferences of mammalian predators were same isntlal and large forest patches and these
results were consistent across the species level.

Similarly, population densities of medium-sized nmaahian predators may be greater
in smaller forest patches than in larger foregjrfrants, because predators should concentrate
their foraging activity into remaining forest fragnts (Wilcove 1985). However, larger forest
fragments should maintain higher number of preddtoritories and the populations
that should be - in contrary with smaller fragmentless endangered of local extinction
(Vergara and Hahn 2009).

Although, based on martens prints, we were not &bldistinguish between both
species (stone martémartes foinaand pine marteM. marte3, which inhabit our study area.
We assume that most of the records belong to stoadens which are characteristic
inhabitant of fragmented agricultural landscapeb@is and Waechter 1991, Virgos
et al. 2000, Rondinini and Boitani 2002, Morteldtid Boitani 2007). Stone marten also show
more generalist habitat preferences and synantrbpltavior (Salek et al. 2005, Herr
et al. 2009), however in contrary the distribut@inpine marten is strictly focused on large
homogeneous forest fragments and seems to be igensit human related activity
and fragmentationClerveny et al. 2003). Santos and Santos-Reis (208@rminated large
habitat plasticity of utilization of different fose patches, however their work was focused
on forest fragments with complex geometric formshva higher amount of edge habitats.
We believe that the utilization of smaller foresigments in our study is associated with
higher availability of feeding resources, espegialinall mammals, birds, insects and fruits,
which are mainly connected with open farmland arimhn residence or other human-related

resources (Telleria et al. 1991, Austen et al. 200kis should be also true for domestic cat
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Felis catushowever its activity is mainly concentrated inimity to human settlements where
the resting sites are mainly situated (Barratt 1928tmain et al. 2008). High density of small
farms and rural settlements spreading throughotutuwdtural landscape are characteristic

feature of study area and create low permeabiétyiér for most of species.
Management implications

In accordance with many previous studies (Andréd Angelstam 1988, Donovan
et al. 1997, Chalfoun et al. 2002, Keyser 2002 jvigme 2003, Vergara and Hahn 2009),
we found strong edge effect on forest-farm edgescamivore distribution in highly
fragmented landscape. Edge-related activity of maham predators has important
management implication and especially in connectidh conservation of many populations
declining farmland bird species (Dijak and Thomp&#00, Gehring and Swihart 2003,
McWethy et al. 2009). Edge effect should changddapendence on ecosystem productivity,
landscape characteristics, and types in local &@bieatures surrounding the edges
(Paton 1994, Donovan et al. 1997, McWethy et al920Fragmented landscape dominated
of human activities and suburban development lgadsncreasing population densities
of many generalist predators (Gehring and Swih@a32 Salek et al. unpubl. manuscript)
which are able to search in variety of differentbitets, however their activity
is predominantly focused on prey rich edge habitstsnter et al. 2000). Management
of generalist predator should have marked impadireeding success of local breeding birds
and biodiversity (Shafer 1999, Gehring and Swil2003) however large-scale removal
programs are usually noneffective and problematpeeially with carnivores positive effect
on ecosystem stability and function (such as rdguiaof small mammals outbreaks)
(Gittleman etal. 2001 Delattre et al. 1992, 1999). Moreover some carmsor
(e.g. Putorius putorius P. eversmaniiinhabiting Central European agriculture landscape
(Andéra and Hanzal 1996) belong to endangered speciéis @anservation concern
which should result in conflict between carnivometpction and conservation of focal prey
populations. Thus, effectiveness conservation sghmaild be as concentrate of landscape
structure and configuration — as a spatial relatigm between individual landscape elements -
because landscape structure may have major impguotedator-prey interactions (Donovan
et al. 1997, Chalfoun et al. 2002, Virgos et al.020 Gehring and Swihart 2003,

Pita et al. 2009). Larger forest patches shouldehadequate proportion of core area
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to increase of nest success because mammaliartgnetlave a lower chance to move deeply
into forest interior (Vergara and Hahn 2009).

Finally, on local scale, vegetative features anst sgge characteristic should influence
edge related nest predation and has important naigen aspect (Davis 2004). Enhanced
vegetation heterogeneity and complexity (e.g. regging shrub cover) along forest-farm
edges may decrease nest predation by reducing tpredaarch efficiency (Bowrnan
and Harris 1980, Martin1993). Similarly, linear aptr forest edges should be utilized
as a travel lines (Bollinger and Peak 1995, Laresi2003) and higher predation rates around
edges should be also attribute of incidental nestlggion (Vickery et al. 1992, Seymour
et al. 2004). Suarez et al. (1997) found twice @aighest predation for those nests located
on abrupt compared with gradual edges. We sughasthmanagement practices designed
to establish more gradual buffer zones betweersfdeem edges in fragmented landscape
should have important value to conservation of agdeed bird species. However,

for drawing this conclusion further research isdezk
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Zaveér

Porozundni habitatovym preferencim sdgh predatar je dilezitym krokem
k zajiseéni ekologické stability a trvale udrzitelného rogvdrajiny. Tyto poznatky mohou
byt nasleda vyuzity pro dalSi ochradigkd a managementova ofesti.

PredloZzena prace se zabyvala vyuzivanim okrajovychkisir sa¥imi predatory
v zavislosti na velikosti lesniho fragmentu. Pidldase nam prokazat jednozme preference
pro okrajové struktury. NaSe vysledky tak potvrzujirazné fisobeni satich predator
ve fragmentovaném prdeti, ¢cimz negativ ovliviiuji potetni stavy své Kasti veetns
mnohych drufi ptaki. Prava@podobnost vyskytu saéich predatar se sniZovala s rostouci
vzdalenosti od okraje,figemz naprosta&Sina zaznairi byla pdizena v rozmezi padesati
metii od okraje lesa. To platilo, jak v podminkach velkylesnich celk, tak i v malych
lesnich fragmentech, coZ bylo v rozporu s naSimommimi predpoklady. Okrajovy efekt tedy
pusobi ve vSech fragmentech bez ohledu na jejictkagti Pro vyvozeni jednozéaych
zawri, za jakym delem jsou tyto struktury s&mi predatory navsvovany, je vSak nutné

provést jest dalSi vyzkum.
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